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English Summary
The thesis revolves around diagnosis and treatment of tungiasis (sand flea disease) and
schistosomiasis haematobium. The causing parasites, Tunga penetrans and Schistosoma
haematobium, both have the ability to penetrate intact skin.
Tungiasis is a neglected parasitic skin disease, prevalent in resource-poor communities in
sub-Saharan Africa, South America and the Caribbean. Its global prevalence has never been
properly assessed. The prevalence may be as high as 60 percent in resource-poor urban
settings. Repeated infections result in disfigurement and mutilations foremost of the feet,
eventually leading to impaired mobility. Schistosomiasis haematobium, or urogenital
schistosomiasis, is prevalent above all in Africa with around 100 million infected
individuals. It causes damage to internal organs and could lead to serious sequelae in the
urogenital tract.
The aim is to examine aspects and prerequisites for control or elimination of the two
diseases in an east African context. Even if both diseases are caused by a parasite and
associated with poverty, they exhibit distinct differences for public health interventions,
especially considering control and elimination.
The thesis contains a dialectic comparison of diagnoses and treatments problematising
possibilities and hindrances for public health interventions in rural locations in Uganda,
Kenya and Tanzania, from where the empirical data are collected in the four encompassing
studies. Two deal with treatment of tungiasis, where the idea is to use silicon-based oils in
order to suffocate the parasite. Rigorous clinical treatment trials on humans are so far
lacking. The conclusion is that the tested substance works much better than current
treatments. It is also shown that an efficient, yet parsimonious treatment procedure can be
successful, even in resource-poor settings.
WHO promotes a dose-pole for determining the number of praziquantel tablets in mass
treatment campaigns of schistosomiasis. An alternative dosage procedure is proposed to
avoid side-effects and promote compliance. Since mass treatment campaigns currently
target children and adults at risk in endemic areas, the choice of diagnostic method will
have consequences. Prevailing parasitological methods for field surveys are not sensitive
enough, especially where the prevalence is seemingly low. The suggested more sensitive
diagnostic method, that detects the level of urogenital schistosomiasis in population
groups, is a both affordable and manageable approach in resource-poor settings.
Is control or elimination possible for tungiasis and urogenital schistosomiasis? The
conclusion is that elimination cannot be achieved without environmental interventions, use
of repellents, vaccines and ultimately a fight against poverty. A multidisciplinary approach
is needed to understand and sustainably resolve the problems. Important disciplines for
this public health endeavour are epidemiology, sociology and ethics.
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Svensk Sammanfattning
Min avhandling utgår från diagnostik och behandling av sjukdomarna tungiasis
(sandloppesjuka) och urogenital schistosomiasis, vilka orsakas av parasiterna Tunga penetrans
och Schistosoma haematobium, båda med förmågan att penetrera intakt hud.
Tungiasis är en bortglömd parasitsjukdom, förekommande i fattiga samhällen i Afrika
söder om Sahara, Syd-Amerika samt Karibien. Den globala förekomsten av tungiasis är inte
känd. Prevalensen kan vara så hög som 60 procent i resurssvaga urbana områden.
Upprepade infektioner kan resultera in vanställda och stympade fötter, vilket i sin
förlängning kan leda till försämrad rörlighet.
Schistosomiasis haematobium, eller som den också kallas urogenital schistosomiasis,
förekommer framför allt i Afrika. Cirka 100 miljoner individer är drabbade. Sjukdomen
förorsakar skador på inre organ, vilket kan leda till allvarliga följdtillstånd i lilla bäckenet.
Avhandlingens syfte är att undersöka aspekter och förutsättningar för kontroll eller
eliminering av dessa båda sjukdomar i ett östafrikanskt sammanhang. Avhandlingen bygger
på resultat och slutsatser från fyra studier. Två av dem handlar om behandling av tungiasis,
där idén är att använda lågviskösa silikonbaserade oljor med syfte att kväva den
sjukdomsorsakande parasiten. Rigorösa kliniska behandlingsstudier, där människan är
studieobjektet, har hittills inte genomförts. Vår slutsats är att dimeticon har en bättre
verkan på loppan än övriga aktuella behandlingar. Ett sparsamt nyttjande av mängden olja
är också effektivt och kan användas med gott resultat i en resurssvag miljö.
WHO främjar en kroppslängdsbaserad mätsticka för att bestämma antalet
praziquanteltabletter vid massbehandling mot urogenital schistosomiasis. Vi föreslår en
alternativ väg för att åstadkomma en mer exakt dosering. Argumentet är att detta är
betydelsefullt för att undvika biverkningar och för att uppnå ordinationsföljsamhet.
Eftersom massbehandlingar för närvarande inte syftar till att behandla andra än barn och
enbart sådana vuxna med sjukdomsrisk i endemiska områden, kommer valet av diagnostisk
metod få konsekvenser för vilka som erbjuds behandling. Rådande parasitologiska metoder
för fältbruk är inte nog känsliga, i synnerhet inte där prevalensen förmodas vara låg. Vi
föreslår här en känslig diagnostisk metod för att skatta prevalensen för urogenital
schistosomiasis på gruppnivå, vars procedur både är överkomlig och hanterbar i
resurssvaga områden.
Även om bägge sjudomarna förorsakas av parasiter och har samband med fattigdom, så
uppvisar de distinkta skillnader. Dessa har konsekvenser för folkhälsan, vilket belyses
genom att jag tar upp aspekter, antaganden och förutsättningar för kontroll och
eliminering. Ansatsen bygger på en typ av dialektisk jämförelse av diagnoser och
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behandling med syfte att problematisera möjligheter och hinder för folkhälsointerventioner
i rurala områden i Uganda, Kenya and Tanzania, varifrån empiriska data är hämtade.
Är kontroll eller eliminering möjlig för tungiasis och urogenital schistosomiasis? Min
slutsats är att eliminering baserat på massbehandlingskampanjer inte kan uppnås utan att
man också genomför andra interventioner avseende miljö, repellenter, vaccin och inte
minst fattigdomsbekämpning. För att långsiktigt förstå och lösa detta problem krävs en
multidisciplinär ansats. Viktiga verksamhetsområden för detta folkhälsoåtagande omfattar
epidemiologi, sociologi och etik.
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Prologue
My academic orientation began from the insight that it is possible to systematically reason
about processes and events which at first sight seem random and unpredictable. To me at
first, it all seemed like a stimulating game of mathematics with associated models found in
the world of probability theory. Some time passed and as bits and pieces of knowledge
were slowly accumulating, I realized that the world of mathematical modeling was not
enough, when thinking about problems based on observations.
Instead I decided on a journey into theoretical statistics; what I then considered a more
practical approach to things. Little did I know what the future had in store. When my years
at the university came to an end, I tried my wings as a consultant but with little grasp of the
complexity of statistical problems emanating from the real world.
Almost immediately and very predictably I ran into an earth-shattering problem concerning
the very nature of chance. I was asked by a geologist to make some innocent-looking
statistical inference about the possibility of availability of groundwater given some
geological formations. I gladly accepted this assignment thinking this would be a piece of
cake. To make a short story even shorter, the geologist eventually permanently went back
to his office without any answers and I remember quickly resigning from the consultancy
bureau. My colleagues at the bureau thought that I, by mistake, had accepted a problem
which did not have anything to do with random things and therefore should be solved by
someone else. I on the other side was convinced that this was an absolutely normal
statistical problem.
The core of the problem was that I had not earlier tried and tested my view and
understanding concerning the foundation and definition of random events. This cost me
my first assignment. From then on my view of the very nature of chance and even more
my interest for statistical problems emanating from real situations increasingly caught my
interest. I slowly started a kind of sideways journey where I in periods tried to involve
myself in tasks more suited to my view on chance and statistics. I worked with large
computer based registries dealing with preventive cardiology, but soon realized there is
more to learn; real world statistical problems often go beyond what can be concluded from
even the best of registries.
When I finally began working as a research assistant at a school of public health, I came in
to contact with a group of persons representing a variety of professions and skills working
together, collaborating over public health questions in a way that was novel to me.
While I was thriving in my new environment one of my colleagues invited me to become
part of a research project concerning HIV/Aids in Kenya. It became a very hands-on
experience, where I for the first time dealt with collection and analysis of data right in the
middle of a context quite foreign to what I had experienced before. From that point on it
became very motivational to be involved in studies, where there is at least a possibility of
making a real difference, and I am very grateful for having been given this opportunity.
After some time I also became involved in a project called “Sustainable prevention of
endemic schistosomiasis” or SPES, which at the time of my enrollment was primarily
dealing with surveillance, but evolved into a more intervening type of project.
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Parts of my thesis are emanating from the SPES project. Through the contacts around
SPES I also took an interest in another parasitic disease, tungiasis, which provided new
opportunities to learn and develop thoughts on population-based interventions.
Starting from a very theoretical outlook dealing with strict mathematics, passing through a
quantitative phase with the introduction and use of personal computers and statistical
software, I have landed in a much more practical and reality-based approach, where I
cannot limit myself to a mere quantitative perspective. Through my experience I have
formed the opinion that proper reality-based science, dealing with persons and populations
in varying and not fully understood contexts, requires a wider variety of understandings and
collaborations.
Göteborg, 2018-09-28.
Per Nordin
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Introduction
Human history has been accompanied by parasitic diseases till this day and there are no
signs that this relationship will ever end, even if repeated efforts have been made to cure
and relieve populations from parasitic diseases (WHO, 2018). When the World Health
Organization (WHO) was set up in 1948 it was stated that “the objective of the World
Health Organization shall be the attainment by all peoples of the highest possible level of
health” (WHOa, 2006).
Today, WHO is involved in a vast number of health-related projects, including the
initiative to deal with what has been defined and listed as neglected tropical diseases
(NTDs) (WHO, 2012); many of which are caused by parasites. The diseases included in the
list are diverse, all strongly associated with poverty and massive suffering and constitutes
obstacles to socioeconomic development (WHO, 2016). In the group of by now twenty
listed diseases schistosomiasis is included. Altogether over 200 million individuals are
infected by schistosomiasis (WHOb, 2006). The urogenital form, schistosomiasis
haematobium, is prevalent primarily in Africa, around the southern shores of the
Mediterranean and in the Middle East, including Turkey.
The first known formal description of the trematode causing schistosomiasis reaches back
to the 1850s, when the German physician Theodor Bilharz, working in Cairo, Egypt,
described the parasite (Bilharz, 1853). Schistosomiasis, as NTDs in general, have gained an
increasing attention by WHO since 2007. A Medline search for the term ‘schistosomiasis’
in October 2018 resulted in more than 26 000 citations. The goal set by WHO for the
increased activity is “the elimination of NTDs or reductions in their impact to levels at
which they are no longer considered public health problems” (WHO, 2012).
The other parasitic disease dealt with here, tungiasis, is not listed by WHO as a NTD. It
has, however, been brought forward as one of the forgotten diseases afflicting marginalized
populations in need of more research (Hotez, 2011). Tungiasis, as schistosomiasis, is
strongly associated with poverty. Repeated infections can result in mutilation of the feet
and a negative impact on quality of life as well as on household economy. The number of
individuals affected is not known, but claims exist that the prevalence could be as high as
60 percent in resource-poor urban areas and indigenous communities (Feldmeier et al.,
2012). Tungiasis is prevalent in South America, the Caribbean countries and sub-Saharan
Africa. The first scientific description dates back to the early 17th century by the physician
Aleixo de Abreu from Brazil (Guerra, 1968). Tungiasis has a large impact on the human
society in endemic areas, but it has not gained the same attention as schistosomiasis. A
Medline search using the term ‘tungiasis’ in October 2018 resulted in a mere 294 citations.
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Overall aim of the thesis
My aim in this thesis is to examine aspects and prerequisites for control or elimination of
tungiasis and schistosomiasis haematobium in an east African context.
In the thesis I will focus on the two mentioned diseases from a public health point of view.
By this I mean that my deliberations concern groups and populations rather than the health
of individuals. Sometimes properties of the individual are important and will be considered,
but only with the intent to understand better and make reasoning about consequences for
the group or population more clear.
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The four articles
The diseases tungiasis and schistosomiasis both decidedly present two interesting
opportunities for considering elimination and control through reduction of their incidences
“to levels at which they are no longer considered public health problems” (WHO, 2012).
The thesis is based on four studies presented in four articles, which will be referred to in
the text by their roman numbers.
I.

Thielecke M, Nordin P, Ngomi N, Feldmeier H. Treatment of tungiasis with
dimeticone: a proof-of-principle study in rural Kenya. PLoS Neglected Tropical
Diseases 2014; 8(7): e3058.

II.

Nordin P, Thielecke M, Ngomi N, Mukone Mudanga G, Krantz I,
Feldmeier H. Treatment of tungiasis with a two component dimeticone: a
comparison between moistening the whole foot and directly targeting the
embedded sand fleas. Tropical Medicine and Health 2017; 45: 1-7.

III.

Nordin P, Poggensee G, Mtweve S, Krantz I. From a weighing scale to a
pole: a comparison of two different dosage strategies in mass treatment of
Schistosomiasis haematobium. Global Health Action 2014; 7: 1-9.

IV.

Nordin P, Nyale E, Mtweve S, Maina Ahlberg B, Feldmeier H, Krantz I.
Determining the prevalence of schistosomiasis haematobium in populationgroups from northern Tanzania based on the discordance between egg
counts and haematuria. Manuscript.

In the tungiasis case (I, II), the matter dealt with are suggestions on what drug to use and
how to use it, in many ways questions of efficacy and effectiveness (Cochrane, 1972). The
studies of schistosomiasis haematobium (III, IV) challenge current ideas on how to
determine the extent of disease occurrence and how to arrive at a precise enough dosage
for the subjects in mass treatment campaigns. The following questions emanate from the
findings and inferences in the articles.

Research questions
i.

Are the suggested treatments good enough for interventions with the aim to
stop the transmission of tungiasis and schistosomiasis haematobium?

ii.

Are the current diagnostic tools for detecting tungiasis and schistosomiasis
haematobium good enough for finding cases and monitoring decline in
transmission?
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Control – Elimination – Eradication
An important issue from a public health perspective is how to intervene in the disease
process with an aim to reduce the consequences of the disease for a population. Time and
resources have been devoted to such attempts during the 20th century to control, eliminate
and eradicate a number of diseases, where the eradication of smallpox could be considered
the biggest success so far (Stapleton, 2009; Henderson, 1980). Definitions of the concepts
control, elimination and eradication are of importance, since they represent the ultimate
goals of the intervention activities. I will use the following definitions based on the Dahlem
agreements from 1997 (Dowdle, 1998):
1.

To control a disease means to reduce the disease incidence, prevalence, morbidity or
mortality to a locally acceptable level as a result of deliberate efforts; continued
intervention measures are required to maintain the reduction.

2.

The elimination of a disease means to reduce the incidence of a specified disease to
zero in a defined geographical area as a result of deliberate efforts; continued
intervention measures are required.

3.

The elimination of infections means to reduce the incidence of infection, caused by a
specific agent, to zero in a defined geographical area as a result of deliberate
efforts; continued measures to prevent re-establishment of transmission are
required.

4.

Eradication means the permanent reduction of the worldwide incidence of infection
caused by a specific agent to zero as a result of deliberate efforts; intervention
measures are no longer needed.

5.

Extinction means that the specific infectious agent no longer exists in nature or in the
laboratory.

Whichever disease considered, the process of achieving either of these goals is a complex
undertaking (Bhattacharya, 2010). Not every disease can or should come in question for
elimination or eradication. Several conditions are necessary for the choice of target disease
and type of intervention. Effective treatments and/or interventions should exist, which can
reduce or interrupt transmission. The properties of the interventions or treatments are
crucial; there are aspects of treatment efficacy as well as above all effectiveness to consider.
Operational obstacles like population coverage as well as compliance will also be of
importance.
Another important criterion is that it must be possible to diagnose the condition with
sufficient sensitivity as well as specificity so that both the transmission and its eventual
interruption can be detected. The diagnostic procedure employed should also be suitable
for use in field conditions, thus simple enough to use under a variety of difficult working
conditions.
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The two parasitoses
Tungiasis
Tungiasis is a parasitosis, which affects humans and a variety of animals, many of them
domestic ones (Heukelbach et al., 2001) The female of the sand flea, Tunga penetrans,
burrows into intact skin with the head first until only the last tip of its abdominal end is
visible, allowing the flea to feed on the blood of the host. Through the protruding tip the
female breathes, defecates and also copulates and releases eggs. Eventually the flea will die
in situ and be expelled from the host.
The process from entering the host to ejection usually takes four to six weeks. When
burrowing into the host’s epidermis the flea passes through a set of five phases described
by the Fortaleza classification: (1) the penetration phase, (2) the phase of beginning
hypertrophy, (3) the white halo phase, including the excretion of eggs, (4) the involution
phase, where the excretion of eggs stops and (5) residues in the host's skin.(Eisele et al.,
2003).
Before penetrating a suitable host the sand flea moves freely around. It can move short
distances on the host before finding a suitable spot for penetration, often on the feet, but
also on other parts of the body (Heukelbach et al., 2002). While buried in the epidermis the
small flea increases its volume from less than one mm in diameter during the penetration
phase to sometimes reaching a diameter of up to 1 cm, thereby, depending on the location,
causing great discomfort (Thielecke et al., 2013). The eggs produced find their way back
into the ground where, after three to four days, if the conditions are suitable with dry and
sandy ground, the eggs hatch and larvae emerges again. These larvae will in turn pupate in a
week or two, after which the adult sand fleas emerge and the cycle is completed (Figure 1).

Figure 1. The life cycle of Tunga penetrans.
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Schistosomiasis haematobium
Schistosomiasis is a parasitosis affecting humans and other mammals. Several different
species exist which affect humans. The parasite uses two hosts for its life cycle; humans
and mammals are the definitive hosts whereas specific freshwater snails are the
intermediate ones (Weerakoon et al., 2015).
The parasite is acquired, when an individual comes in contact with snail-infested fresh
water (Figure 2). The post-snail larval form of the parasite, the cercaria, residing in such
waters, is at this stage able to penetrate intact skin and enter the body of the host. Inside
the body the larvae transforms to what is called a schistosomulum, which migrates via
lymphatic and venous vessels to end up close to the liver. The parasite then matures into an
adult worm, either a female or male schistosome. A female and a male worm unite to form
an adult couple, and migrate to their specific preferred site.
For Schistosoma haematobium the preferred site is the pelvic veins close to the urinary bladder.
The adult worm pair can live for two to five years in their human host, although some may
survive longer. After six to eight weeks the couple begins to produce eggs. In the case of S.
haematobium the eggs migrate through the urogenital tract, where they penetrate the bladder
wall to reach the lumen and the outside via the urine. Many eggs are, however, caught in
the surrounding tissues causing inflammatory responses and granulomas. The result of this
successful and unsuccessful process to reach the outside will be bleeding from the bladder
wall seen as micro- or macrohaematuria. The eggs, who end up in a freshwater site and
hatch successfully, can release the next form of the parasite called a miracidium. With the
right type of snail residing in the water, the miricidia will penetrate and enter the snail
tissue. Inside the snail another transformation takes place and a so called sporocyst is
formed close to the point of entry. From this sporocyst a new second generation
sporocysts are formed which in turn creates the next step, cercariae, which subsequently
are released into the water and the very intricate life cycle of S. haematobium is completed
(Colley et al., 2014).
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Figure 2. The life cycle of Schistosoma haematobium.

A comparison
Both tungiasis and schistosomiasis haematobium are related to poverty and its ensuing
living conditions, which will allow for their respective life cycles to be maintained. In the
case of tungiasis, humans are not the only definitive host, since the parasite also lives and
thrives of many other animals including domestic ones (Feldmeier et al., 2013).
For S. haematobium, humans are the definitive host, although hybridization between this
parasite and other schistosome specieces are known, which in their turn can infect and
utilize other animals as a definitive host (Catalano et al., 2018; Sene-Wade et al., 2018). This
phenomenon could potentially have consequences for the control of the disease, if a
haematobium variation would not necessarily require the human reservoir for its survival.
T. penetrans prefers to live at temperatures from 22 to 31 degrees Celsius in the upper levels
of dry and sandy soil where it can infect both animals and humans through contact with
the skin (Feldmeier et al., 2013). S. haematobium infects its host through water contact. The
requirement is that these waters are suitable habitats for the intermediate host, a freshwater
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aquatic snail. T. penetrans does not need an intermediate host. Despite its more complex life
cycle S. haematobium has in general been rather successful in its survival with an estimated
number of 100 million infected individuals in sub-Saharan Africa (van der Werf et al.,
2003).
The numbers affected by tungiasis is not known. According to the World Bank website 435
million people in Sub-Saharan Africa and Latin America, including the Caribbean island,
are living on less than 1.9 USD per day where T. penetrans is rampant (World Bank, 2018).
Individuals living under better conditions than this can probably also be affected by
tungiasis, which means that figures, based on poverty data alone, will be a considerable
underestimation.
Feldmeier et al. assumes that 60 percent of the inhabitants in resource-poor urban areas
and indigenous communities are affected (Feldmeier et al., 2012). Since not all of these 435
millions live in tungiasis-endemic area, a lot less than 60 percent of these are infected with
tungiasis. Assuming that only half of these 260 millions live in tungiasis-endemic areas, we
will still arrive at a very large figure. This estimate is rather crude but the consequence is
nevertheless that tungiasis most certainly qualifies as a serious public health problem in par
with schistosomiasis haematobium.
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Public Health Issues
Tungiasis is a debilitating disease, with inflammation around the burrowed parasites,
fissures, ulcers, abscesses, and deformation of nails and toes. If individuals are frequently
re-infested, mutilation of the feet will follow (Thielecke et al., 2013). The end result is
walking difficulties and restricted mobility, which in turn will impact daily life activities.
Bacterial superinfection of the lesion is common, which increases the inflammatory
response around the areas where the parasite is residing (Feldmeier et al., 2013). Until
recently no efficient drug existed for the treatment of tungiasis. The current standard
procedure for relief is a surgical extraction using different forms of sharp or blunt
instruments, which furthers the risks for bacterial and viral superinfections (Feldmeier et
al., 2013; Heukelbach et al., 2001)
The human host response to an infection with S. haematobium can be divided into an acute
and a chronic phase, where the acute is assumed to be mediated via the immune system.
Reported symptoms comprise fever, malaise, myalgia, fatigue, cough, diarrhoea and
haematuria. The chronic phase of urinary schistosomiasis occurs when eggs pass through
or get caught in the tissue, causing an immune system response with granuloma formation,
primarily in the bladder wall but also in other pelvic organs. At this stage, urinary tract
symptoms, such as hematuria, frequency and dysuria are common (Gray et al., 2011). The
disease can also lead to long-term, serious sequele in the urogenital tract with urine
blockage, infertility and ultimately, cancer. A sustained and chronic infection can also lead
to increased susceptibility to co-infections and enhanced disease due to co-infection (King
et al., 2008)

Diagnosis
The diagnosis of tungiasis has a rather straightforward approach, since the parasite is visible
by inspection and is also, while developing through its stages, causing noticeable signs and
symptoms categorized in the Fortaleza classification (Eisele et al., 2003). In the early stage a
red-brown itching spot with a diameter of 1–2 mm can be seen. When the parasite reaches
maturity the lesion are presenting as a white patch with a diameter of 3–7 mm with a
central black dot (I, Figure 5). In the late stage a dead flea with surrounding necrosis can be
observed. (Heukelbach et al., 2002).
Differential diagnoses exist, particularly among travellers returning from endemic regions
(Heukelbach et al., 2001). A simple method for rapid assessment has been proposed, which
could prove useful when trying to acquire information about the prevalence in a locality
under scrutiny. The idea is based on the observation that most cases of tungiasis are found
around the nails of the feet and by inspecting the feet alone one will arrive at prevalence
estimates fairly close to those based on a full body inspection. The examination becomes
faster and is easier for the individual, who do not need to undress (Ariza et al., 2010). The
diagnosis of tungiasis will also rely on the fact that most people in endemic areas recognise
tungiasis and know very well, when they have been infected. It is common knowledge
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among those exposed to this parasite, which can be useful for prevalence studies (Elson et
al., 2017).
Compared to tungiasis, the diagnosis of urogenital schistosomiasis, however, is not so
straightforward.
Schistosomiasis haematobium is commonly diagnosed by detection of parasite eggs in the
urine. The standard way of doing this is through filtration of a defined amount of urine to
capture the eggs. A dye is added to improve the detection in a microscopic screening and
counting of the eggs (WHO, 2006). Other ways of detecting schistosomiasis haematobium
exist and techniques for detecting antigens in blood or urine samples have been developed.
(Ochodo et al., 2015; Hinz et al., 2017)
The presence of blood in the urine (haematuria) is a common symptom in infections with
S. haematobium. The blood is detectable by the use of urine reagent strips or a microscope
and sometimes through visual inspection (WHO, 2006; Hinz et al., 2017). There are of
course other reasons for blood in the urine, but macroscopic haematuria is considered a
good indicator of urogenital schistosomiasis in areas, where the disease is endemic.
Haematuria in general is common, when schistosomiasis haematobium infection is present,
but with varying levels of sensitivity and specificity as measured against urine egg-filtration
as the standard test (Ochodo et al., 2015).
Whereas the occurrence of eggs in the urine is a sufficient condition, it is not a necessary
condition for an individual to be infected with urogenital schistosomiasis. The absence of
eggs in a specific urine sample, at one point in time, is not a proof that the person in
question is disease-free. There are numerous reasons for this, including, but not limited to,
the time lag between infection and the commence of egg production, reduced egg
production if/when the disease enters a chronic state and egg reduction due to mass
treatment campaigns (Jamieson, 2016).
The general concern is that the low egg-occurrence does not mean that the persons are free
from disease, but that the eggs are harder to detect with the standard detection procedures
(Bergquist et al., 2017). If you perform filtrations for eggs in the urine on several
consecutive days with new urine samples, you will detect individuals that are not exhibiting
eggs in the urine at every occasion (Kosinski et al 2011; IV). The implication of this is that,
for every iteration of the filtration procedure, more individuals with eggs in the urine will
be detected and thus the prevalence will rise. How many urine samples would be needed
before saturation is reached and the true prevalence obtained, is not known and probably
varies according to group and context. Figure 3 illustrates this for two groups of adults; one
group living in an area with low prevalence and the other in an area where the prevalence is
higher. Figure 4 shows the same but for two groups of schoolchildren.
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Figure 3. The cumulative development of the occurrence of S. Haematobium eggs in the urine, expressed as
percent of the examined group, after one, two and three urine samples per adults divided by village.
Our own observations made in the field laboratory of the SPES project (Sustainable
Prevention of Schistosomiasis) in two villages in the Kilimanjaro region in Tanzania, where
we used three filtrations, were that there was no indication that this would be enough for
most groups (IV). Clear is, however, based on our own field experiences, that repetitive
egg-filtration is a time-consuming and laborious procedure. Clearly the standard way of
determining prevalence was not good enough and to improve it through additional
filtrations is not an easy undertaking. Haematuria and schistosomiasis haematobium are
strongly related (King et al., 2013) a fact we have observed as well (IV). Field data from our
study site showed this relationship as well (Figure 3 and 4). The higher the observed
prevalence of S. haematobium eggs in the urine, the higher the occurrence of haematuria.
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Figure 4. The cumulative development of the occurrence of S. Haematobium eggs as well as blood in the
urine, expressed as percent of the examined group, after one, two and three urine samples per children in
Class 4 divided by school.
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The figures also illustrate how a diagnosis of S. haematobium eggs but also haematuria is
affected by how many independent urine samples are tested. These observations led to the
idea of creating a more sensitive and convenient way of estimating the unknown true
urogenital schistosomiasis prevalence (IV). The underlying idea for this new sensitive
prevalence measure is illustrated in figure 5.

Figure 5. The linkage between schistosomiasis infected individuals (S+), haematuria positive individuals
(H+) and urine filtration-diagnosed schistosomiasis infected individuals (U+). The yellow area represents
the additional proportion added to get the adjusted prevalence subtracted by the grey area, which represents
the non-pathological haematuria-proportion (IV).
The true proportion of schistosomiasis infected individuals is unknown and the proportion
of individuals we detect through a microscopy examination for eggs is an underestimate. In
a schistosomiasis haematobium endemic setting haematuria is strongly related to being
infected with schistosomiasis haematobium, although it is entirely possible that some cases
of haematuria are caused by something else. However, since the populations looked for are
usually are quite young and there are not many likely competing causes for the symptom of
haematuria, it is interesting to consider the group commonly called ‘false positives’, i.e.
those individuals that are not exhibiting eggs in their urine samples, but still have
haematuria. This group is represented in figure 5 by the two coloured areas.
Instead of considering the discrepancy as a problematic group of false positives, one could
ask the question why we are observing these amounts of haematuria. Given the age
structure in the population groups and the scarcity of possible competing causes this means
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that this group of false positives actually contain a potential for improving our prevalence
estimates1. The coloured regions in figure 5 represents this group of false positive
individuals and they grey area represents a group with non-pathological haematuria which
always exist in a population (IV).
The yellow area in figure 5 represents the additional numbers of individuals not only based
on the individuals with eggs in the urine, which we could add to the prevalence calculations
(IV). Box 1 provides an example, which demonstrates how the adjustment procedure is
used.
Box 1. The adjusted prevalence calculation in a hypothetical example
Eggs in the urine
YES

NO

Haematuria YES

290

410

700

NO

10

290

300

300

700

1000

Proportions
Standard Prevalence U+

=

100x300/1000

=

30

%

Haematuria positive H+

=

100x700/1000

=

70

%

Adjusted Prevalence ≈ S+

=

100x(300+(1-0,1)x410)/1000

=

67

%

Where
300
number of schistosomiasis infected individuals determined by the occurrence of eggs in the urine.
700
number of haematuria positive individuals determined by urine dipstick.
0,1
proportion of non-pathological haematuria-positive individuals.
410
number of haematuria positive cases where no eggs in the urine were detected.
1000 = number of individuals in the examined population group.

The standard parasitological method based on a single urine sample with an egg count
gives a substantial underestimate. To improve this situation we can combine information
from one or more individual urine samples, taking into account the information gathered
for both egg and blood occurrence in the urine.
There is a considerable variety of diagnostic tools for schistosomiasis; not all of them work
equally well, especially considering that there exist several different species of
schistosomiasis with different properties. The newer antigen-based methods may prove
perfect in the years to come, but for the time being there is a need for affordable fieldadapted methods. My suggested approach might prove helpful in the case of
schistosomiasis haematobium2.
1 “How often have I said to you, that when you have eliminated the impossible, whatever remains, however
improbable, must be the truth?” Sir Arthur Conan Doyle [1890]. The Sign of the Four. Broadview Press, 2001:
p. 60.
2 The concept of evidence: "In the empirical sciences, which alone can furnish us with information about the
world we live in, proofs do not occur, if we mean by 'proof' an argument which establishes once and for ever
the truth of a theory". Karl Popper [1966]. The Open Society and Its Enemies (5th ed.). Routledge, 2011: pp.
229–230
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The diagnosis is a cornerstone in any public health program which deals with control,
elimination and/or eradiation. The two diseases under consideration differ greatly in
diagnostic procedures and requirements. In the case of tungiasis the parasite and its state of
development is in principle directly observable. Methods designed for rapid field
assessments exist, but is, to my knowledge, not tested in larger surveys. Due to the
debilitating nature of the disease, there is often an awareness in the population that
tungiasis is prevalent. This could prove to be informative, when one tries to establish a
need for treatment.
For schistosomiasis, even if the awareness might exist, signs and symptoms seem to be in
many ways better tolerated. (Ahlberg et al., 2003; Ukwandu et al., 2004) The diagnostic
situation concerning schistosomiasis haematobium is more complex. The causative parasite
worm-pair is residing inside an infected individual’s body and is thereby not observable
other than through indirect means by different markers expressed either in the urine or in
the blood.
The worm pair does not seem to entice an immune-system response to any greater degree,
but once located in the urogenital tract, the eggs produced can have severe effects on the
human body. The egg production is not constant during the time the worm pair exists in
the human body and can go down for different reasons, thereby making the condition
more difficult to diagnose. Declining egg production can be caused by treatment against S.
haematobium, when the treatment is not completely successful. Lowered egg production is
also observered among chronically infected persons (Savioli et al., 1990; King &
Dangerfield-Cha, 2007; IV).
Thus, different procedures, including such ones that detect tracers for either the worms or
the eggs in either urine or serum, exist (Utzinger et al., 2015). There is still room, however,
for improving affordable and well understood standard methods (IV).
Treatment
The currently sole effective method in use for tungiasis is surgical extraction of embedded
sand fleas3. This procedure should preferably be conducted in a controlled environment
with the use sterile instruments. Since such environments and instruments are scarce where
tungiasis is endemic, infested individuals will not have proper access to what they need.
Unsafe methods are therefore practiced with a large assortment of instruments (I).
Attempts to remove the embedded parasites by using non-sterile instrument will increase
the risk for bacterial or viral superinfections (Feldmeier et al., 2003).
There have been attempts to find an effective treatment against tungiasis. Oral ivermectin4
has been tried and shown to be ineffective (Heukelbach et al., 2004). Ahadi Kenya Trust
recommends to bath the feet in a 0.05 percent solution of potassium permanganate
(KMnO4) for 10 minutes, which has been shown to be helpful (I; Ahadi Kenya Trust.,
3
There are examples of effective methods in use locally, for instance, a community group in the coastal area
of Kilifi County in Kenya has been using a locally-produced herbal medicine based on neem (Azadirachta
indica, a tree in the mahogany family Meliaceae) and coconut oils. It was available, affordable, easy to use,
apparently effective and safe (Elson et al., 2017).
4
Ivermectin was discovered 1975 and came into medical use in 1981. It is on the WHO model list of essential
medicines (WHO, 2017).
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2010). An idea to try low viscosity silicone oils against tungiasis was conceived and tested
by Feldmeier (Feldmeier, unpubl obs, 2011), based on its successful use in similar situations
against head-lice (Cummings et al., 2018; Strycharz et al., 2012; Gallardo et al., 2012).
In our study on children from 2014 we compared the application of potassium
permanganate with a two-component, low viscosity silicone oil (dimeticone) called
NYDA® (I). The individual parasite was the unit of observation with, in total, 171 viable
parasites included. After one week 78 percent of the parasites treated with dimeticone oils
lost all viability signs, compared to 38 percent of the potassium permanganate treated
parasites (I). The treatment showed promise, but a procedure for efficient and
parsimonious application had not been established. A second study with the aim to test the
efficacy of a targeted application procedure was therefore undertaken (II).
Two ways of applying the dimeticone treatment were then compared; wetting of the whole
foot till the ankle and a targeted application using a small syringe with a flexible tube (II).
Both modes of application showed a good effect; more than 95 percent of the parasites
had lost all viability signs after seven days.
From an efficacy point of view the parsimonious way of applying the treatment was at least
as good as wetting the whole foot (II: Fig 2). This means that it is possible to claim that a
good candidate for the treatment of tungiasis exists. The mode of action for dimeticone
treatment is purely physical. The formulation of the oil compound allows it to penetrate
the breathing system of T. penetrans and, hence, does not entail the risk of resistance
developing (Elson et al., 2017). Dimeticone oils are also non-toxic (Nair, 2003). NYDA® is,
however, inflammable and the recommendation is to avoid open fire for up to two hours
after its application (Elson et al., 2017). Currently, suitable dimeticone preparations are only
available in a few endemic areas.
If dimeticone would be widely available, we should at least have a treatment with potential
for effectiveness (I; II). In our research studies the treatment was applied in a controlled
manner by members of the field team. In a real world situation, one could consider the
possibility of self-treatment. Treatment of tungiasis has a public health potential; there
exists a straightforward treatment of great help for a population in an endemic area.
Considering the case of urogenital schistosomiasis the situation is again more complex. The
most widely used drug against all species of schistosomiasis is praziquantel5, which typically
is distributed as a divisible 600 mg tablet. It can be divided into four segments, although,
tablet halves are most commonly used (WHOb, 2006). According to WHO
recommendations, clinical schistosomiasis in endemic countries should be treated with a
single oral dose of praziquantel of 40 mg/kg bodyweight. The same dosage is also
recommended for mass treatment campaigns (WHOb, 2006). The mode of action for this
drug is still not fully understood (Vale et al., 2017). The treatment effect expressed as the
cure rate of the drug varies. According to a meta-analysis the cure rate was found to be 71.4
5 “Biltricide® Bayer Pharmaceuticals Corporation (praziquantel) is a trematodicide provided in tablet form for
the oral treatment of schistosome infections ….” “Biltricide tablets contain 600 mg of praziquantel.”
“Praziquantel induces a rapid contraction of schistosomes by a specific effect on the permeability of the cell
membrane. After oral administration, Biltricide® is rapidly absorbed (80%), /../ metabolized and eliminated by
the kidneys. Maximal serum concentration is achieved 1-3 hours after dosing. The half-life of praziquantel in
serum is 0.8-1.5 hours” (FDA, 2014).
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percent (95% CI 62.3;80.5) for all forms of schistosomiasis, based on 22 studies in schoolchildren (Zwang et al., 2017). In another meta-analysis focusing on urogenital
schistosomiasis the cure rate was found to be somewhat less than 62 percent (95% CI
[46;74]) based on 30 trials (Kramer et al., 2014). The drug is efficacious for the treatment of
adult worms, whereas the effect on juvenile worms seems to be substantially reduced.
Praziquantel can not by itself prevent reinfection. (Vale et al., 2017).
Praziquantel has transient side-effects, which include nausea, vomiting, malaise, and
abdominal pain. In heavily infected individuals, acute colic with bloody diarrhoea can occur
shortly after treatment (Gryseels et al., 2006).
A discussion concerning the risks for resistance development among the different species
of schistosomiasis against praziquantel is ongoing (Vale et al., 2017; Coles, 2012). A
widespread drug resistance has not been proved, but researchers have identified field and
experimental isolates that exhibit significantly reduced susceptibility to the drug (Wang et
al., 2012; Doenhoff et al., 2008; King et al., 2000). Other possible reasons for an outcome
like this are e.g. failure due to worms being to juvenile, intense re-infection and compliance
problems (Vale et al., 2017; Muhumuza et al., 2013; Coulibaly et al., 2018). Real reduced
susceptibility to praziquantel has been observed in laboratory experiments, which means
that the question of resistance has not yet been settled (Couto et al., 2011). In practice,
praziquantel is still the only available, effective drug. Whatever the reasons for treatment
failure may be, we have to be careful and precise in how we use the drug, which means that
a non-optimal dosage should not be tolerated (III).
WHO are advocating mass treatment campaigns in the initiative to combat a NTD. The
goal first set was to control schistosomiasis and reduce the burden of the disease (WHOb,
2006). One logistical problem solved in an innovative way was how to quickly decide the
dosage under mass treatment conditions. It was decided that, although the manufacturer
specified the dosage per kg bodyweight, the dosage should instead be determined through a
universal classification of body height (Table 1). The dose-pole for praziquantel was
conceived by Hall and co-workers (Hall et al., 1999). The idea is interesting but will have
consequences for how doses are estimated doses (III).
Table 1. Doses of praziquantel in numbers of 600 mg tablets by height in cm according to the WHO dosepole (Modified from WHOb, 2006).
Height (cm)

Number of tablets

94-109
110-124
125-137
138-149
150-159
160-178
>178

1
1.5
2
2.5
3
4
5
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The general idea behind this is that a weighing scale is unsuitable for field use. Due to mishandling it might yield erroneous weight estimates with ensuing wrong dosages (Hall et al.,
1999, Stothard et al., 2011).
It became clear to us, when we examined the premises and consequences of the dose-pole
that a dosage system based on height will not be stringent enough (III). We noted that
children with the same weight could be given up to four different doses based on their
varying height (Figure 3). The problem was exacerbated in the lower range of bodyweights.
If one aims for stringency and provision of adequate dosages in accordance with the
manufacturer’s recommendations, the WHO dose-pole proves to be an imprecise
application. Using body-weight on the other hand to determine the dosage of praziquantel,
one only has to identify every sixth kilogram. The dosage will then vary a lot less than with
the dose-pole even with a systematically inaccurate weighing scale (III).

dose in mg/kg

To avoid possible future problems with treatment failures, one should be as precise as
possible, when deciding dosages for large scale treatments, where millions of individuals are
being targeted. To provide the correct dosage is in the best interest of all involved.
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Figure 6. Dose by the dose-pole and dose by weight and tablet halves in mg/kg, all according to bodyweight.
The treatment of tungiasis and schistosomiasis differ greatly due to their very different
natures and different ways of how they invade and colonize their hosts. Tungiasis is visible
and thus both detectable and immediately treatable, whereas urogenital schistosomiasis
proves more difficult to diagnose and treat. The treatment of tungiasis has an immediate
impact on the parasite at any stage; schistosomiasis cannot be successfully treated until the
parasitic worms have matured. The effect of the treatment of tungiasis can be observed
directly and the dosage determination is simplified to a treatment procedure. In the case of
schistosomiasis the effect of the treatment is not possible to observe other than through
indirect markers. Treatment success is more probable, if repeated after six to eight weeks
giving the juvenile worms time to mature and re-infection is not taking place. Both diseases
are susceptible re-infection and none of the treatments will provide complete protection
against re-infection.
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Interventions
As for their particular treatments the premises for public health interventions differ for the
two diseases.
T. penetrans is infecting possible hosts in warm and dry conditions. For its propagation S.
haematobium requires that the host comes in contact with an affected freshwater reservoir.
S. haematobium uses humans as its most important definitive host; T. penetrans can utilise a
number of different hosts, which include cats, dogs, pigs, donkeys, monkeys and rodents
(Heukelbach et al. 2004). Many of these animals live in close proximity to humans and thus
increase the potential for infection.
In terms of already on-going interventions, there is another difference between the
diseases. Since urogenital schistosomiasis is considered a NTD, it has earned the attention
as well as a long standing intervention support by WHO. Tungiasis is so far overlooked.
Yet, in the case of tungiasis, where a procedure for rapid diagnoses and a potentially
efficacious treatment have been tested (I, II), a complement to treatment already exists; a
plant-based repellent, which is topically applied to prevent the parasite from penetrating the
skin. This repellent, Zanzarin®, contains coconut oil (Cocos nucifera), jojoba oil (Simmondsia
chinensis) and Aloe vera. The repellent was in one study shown to reduce the number of new
parasitic infestations with 92 percent within three to four weeks, if applied twice daily on
the feet (Feldmeier et al., 2006). In another study the number of newly penetrated sand
fleas was down to zero within two weeks and remained so until the end of the study after
ten weeks (Thielecke et al., 2013). This product is currently not in production by its
German manufacturer (Feldmeier H, personal comm., Nov 2018).
There are also possible off-host procedures, which can be used to control tungiasis. A
study in Brazil showed that living in houses with dirt floors is a risk-factor for contracting
the disease. Soil samples collected from indoor resting places were also significantly more
likely to contain fleas and eggs than indoor samples collected at other sites (Linardi et al.,
2010). Consequently, adding a solid floor of some kind or sealing an existing floor could
prove beneficial for reducing the infection. Low-cost alternatives on the other hand are
scarce, but initiatives for such ones exist6.
Wearing closed shoes and keeping domestic animals away from resting places and in
general out of the houses are other possible ways7. However, different forms of sylvatic
animals preferred by T. penetrans might prove harder to control (Elson et al., 2017). Further
actions pertaining to hygiene and sanitation are a must. Acknowledging the existence of
this multitude of possible hosts, a wider approach might be beneficial involving also the
6
EarthEnable is an organisation with a mission to eliminate dirt floors in Rwanda and replace them with
healthy, affordable flooring. https://www.earthenable.org/
7 There are examples of prevention methods in use locally, for instance, a community group in the coastal area
of Kilifi County in Kenya spraying the house floors with an aqueous solution prepared by soaking neem
leaves in water for four days. Families using this method report that they no longer experience the sand fleas
jumping on them when they are in the house, and they no longer get newly embedded fleas (Elson et al.,
2017).
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wellbeing of domestic animals such as proposed by the One Health Initiative (Cleaveland
et al., 2017).
Another technique that could prove useful is based on digital mapping of endemic areas
thus providing a convenient tool for further actions (Hürlimann et al., 2011; Flueckiger et
al., 2015). The Tungiasis Elimination Project (TEP) is Kenyan-based initiative
encompassing more than just mapping8. It remains to be seen if such mapping initiatives
will gain enough interest and collect useful data to become important tools to further
intervention activities.
The most important form of intervention is when the people living in endemic areas are
involved. Prevention activities should ideally engage different parts of the society.
Promotion by governmental and non-governmental organizations through guidelines,
community based programs and community education will all be important. In Kenya, e.g.,
the Ministry of Health has issued a document called “National Policy Guidelines on
Prevention and Control of Jigger Infestations”. The Ministry recognizes the importance of
prevention and control of the disease and is recommending this document to a broad
group of individuals, namely “to all partners and stakeholders in the country” (Ministry of
Health, 2014). It is necessary to reach out to all the communities affected by tungiasis, since
they are consisting of the most marginalized persons in society, who rarely seek medical
care (Elson et al., 2017).
No global plans exist for controlling tungiasis, but several local non-governmental
organisations are working with tungiasis like Sole Hope in Uganda or the Ahadi Trust in
Kenya. These organisations are so far mainly relying on different control measures, less
efficient treatments and surgical extraction9.
WHO is promoting large public health interventions through the organisation of mass
treatment campaigns against several NTDs. Originally, the claim was that “Preventive
chemotherapy is aimed at optimizing the large scale use of safe, single-dose medicines and
offers the best means of reducing the extensive morbidity associated with four
helminthiases (lymphatic filariasis, onchocerciasis, schistosomiasis and soil-transmitted
helminthiases)” (WHO, 2012). “Rather than identifying every infected individual, largescale preventive chemotherapy interventions assess entire communities for endemicity or
ongoing transmission of the target helminthic diseases” (WHOb, 2006). The mass
treatment campaigns against schistosomiasis were based on treatment strategies defining
which treatment should be given to whom and under what circumstances (Table I, IV).
The WHO coverage aim was that 75 percent of school-children at risk for schistosomiasis
in all endemic countries in Africa should have access to treatment by 2010, a condition
which was not met. Of the 76 million school-aged children who were to receive
praziquantel treatment, only 33.3 million people of all age groups had been treated in 2010
(WHO, 2012).
The plan for schistosomiasis was changed; now not only control of the disease and
lowering of the disease burden were aimed for, but also elimination of the disease as a

8
9

http://www-scf.usc.edu/~kawright/Chigoe/ChigoeEradication.html
Sole Hope: solehope.org. Ahadi Trust: www.jigger-ahadi.org
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public health problem10. In Egypt, Libya, Saudi Arabia and the Syrian Arab Republic for
instance, elimination of urogenital schistosomiasis was deemed feasible by 2015.
It was also envisaged that “if praziquantel becomes available in the quantities needed, its
delivery is co-implemented with that of anti-helminthic medicines for soil-transmitted
helminthiases and WHO takes advantage of the experience available in countries that have
eliminated the disease or come close to doing so – schistosomiasis could be ‘eliminated as a
public health problem’ in multiple countries in Africa by 2020, and globally by 2025”
(WHO, 2012).
The life cycle of S. haematobium is more complex than that of T. penetrans. The former
requires a freshwater snail as an intermediate host (Figure 2) (Weerakoon et al., 2015). As a
consequence of the parasite needing two hosts, four possible target areas for interventions
have been suggested by Rollinson and co-workers: i. treating the worms inside the human
host using chemotherapy, ii. controlling the snail population through biological or chemical
means, iii. preventing the snail from getting infected by providing proper sanitation and
iv. necessary information promoting behavioural change and preventing humans from
getting infected by providing necessary information and providing safe water supplies
(Rollinson et al., 2013).
According to WHO, to reach the goals set by 2020 further intervention activities and
strategies are needed. Treatment alone, as delivered through mass treatment campaigns, will
not be sufficient. Suggested actions include snail control, safe water, sanitation and hygiene,
organisational improvements to manage the undertaking in the endemic areas as well as the
necessary economic means to accomplish all of the above (WHO, 2012).
Snail control has been employed since the 1950’s up till the 1980’s in the struggle against
schistosomiasis, but after effective oral chemotherapy became available this form of
intervention was less used, although there are renewed calls for this method (King et al.,
2015b). Different approaches have been tested or used, which are acting against the snail
including snail habitat modification, chemical and plant based molluscicides, but also the
introduction of natural enemies like insects and other snail species (Laamrani et al., 2000;
King et al., 2015; Rug et al., 2000; Younes et al., 2017; Anto et al., 2017).
Interventions against urogenital schistosomiasis also comprise transferral of knowledge to
the afflicted populations. It will include information about the disease and the parasite as
well as its life-cycle. Important to convey is how to prevent getting infected and how to
prevent eggs from returning into to the parasitic cycle. In general, this concerns aspects of
sanitation and how water and water contact should be understood. In the SPES project, a
school-based undertaking showed the importance of creating awareness about the disease
in the population, thus shifting the focus to active engagement of the community
(Freudenthal et al., 2006).
In the case of tungiasis an effective repellent exists, albeit currently not in production. A
vaccine against the different forms of schistosomiasis would in a way function as an
analogue to the repellent. Technically, a number of vaccine candidates are now taken
10

The WHO definition is that schistosomiasis haematobium is no longer a public health problem, when less
than 1 percent of the population at risk have an infection with heavy intensity, i.e. more than 50 eggs per 10
ml urine (WHO, 2018).
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through the different mandatory stages of testing. Each new stage requires further funding
for the increasing development costs. Should a vaccine finally be ready for large scale
deployment, the mode of action for reaching the individuals at risk has to be carefully
planned ensuring a cost-efficient delivery (Hotez et al., 2018; Tendler et al., 2018).
In the same way as in the case of tungiasis, techniques for digital mapping of urogenital
schistosomiasis endemic areas could prove to be a useful help when planning for
interventions (Hürlimann et al., 2011; Flueckiger et al., 2015). As for tungiasis, it remains to
be seen, if such mapping initiatives will collect useful data and gain enough interest to
become important tools to further intervention activities.
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Control or Elimination
Considering tungiasis it seems rather obvious that reaching a goal like elimination of this
disease cannot be foreseen in some near future. There are no global joint ventures forming
plans to fight this debilitating disease. Elimination will remain a distant goal as long as
WHO is not paying proper attention. This does not mean that the current situation is
without potential for control. The two most important criteria for control and elimination
are nevertheless at hand. A field-adapted method for diagnosing this condition, both for
individuals and for quickly assessing the status of population groups, is available. There is
also a treatment alternative shown to have a high efficacy (I; II). Nevertheless, the
treatment at hand will not prevent re-infection. Since T. penetrans is not only relying on
human hosts, diagnosing and treatment will not be sufficient to prevent multiple reinfections. A repellent was available and if combined with proper diagnosing and treatment
procedures it could provide a potential for disease control.
The WHO mass treatment campaigns or the mass drug administration against
schistosomiasis have recently changed their scope of action shifting from control of disease
to the aim of elimination as a public health problem (WHO 2018). One reason for this is
improved access to praziquantel. Since 2007 the manufacturer committed itself to take part
in the process of eliminating schistosomiasis. From 2012 the work has been intensified
resulting in wider agreements11.
Falling back on the definitions of control and elimination of diseases as formulated by
Dowdle in 1998, it seems that there has been a shift in thinking from the time when these
definitions were formulated (Dowdle, 1998). This is clear from the definitions proposed by
WHO 2015 as shown in Box 2 (WHO, 2015).

11 In the Merck Praziquantel Donation Program the company commits itself to annual donations up to 250
million praziquantel tablets, maintaining and broadening schistosomiasis education program, optimizing the
current formulation of praziquantel and developing a paediatric version of praziquantel
(http://partnerships.ifpma.org/partnership/merck-praziquantel-donation-program-mpdp Accessed 2018-12-08).
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Box 2. Definitions of control, elimination and eradication
WHO 2015
Control to mean reduction of disease incidence, prevalence, morbidity, and/or
mortality to a locally acceptable level as a result of deliberate efforts; continued
intervention measures are required to maintain the reduction. Control may or may not
be related to global targets set by WHO.
Elimination of transmission (also referred to as interruption of transmission) to
mean reduction to zero of the incidence of infection caused by a specific pathogen in a
defined geographical area, with minimal risk of reintroduction, as a result of deliberate
efforts; continued actions to prevent re-establishment of transmission may be required.
The process of documenting elimination of transmission is called verification.
Elimination as a public health problem is a term related to both infection and
disease. It is defined by achievement of measurable global targets set by WHO in
relation to a specific disease. When reached, continued actions are required to maintain
the targets and/or to advance the interruption of transmission. The process of
documenting elimination as a public health problem is called validation.
Eradication to mean permanent reduction to zero of a specific pathogen, as a result
of deliberate efforts, with no more risk of reintroduction. The process of documenting
eradication is called certification.
Extinction to mean eradication of the specific pathogen so that it no longer exists in
nature or the laboratory, which may occur with or without deliberate efforts.

The concept ‘elimination as a public health problem’, was mentioned 2015. In 2018 WHO
has introduced further variations of the concepts of control and elimination, which will
have consequences for the understanding of the outcomes of mass-treatments. The
definitions are now disease-specific and for schistosomiasis they are summarized are as
follows (Modified after WHO, 2018):


Control of morbidity in the groups at risk is defined as less than five percent of
individuals in the group at risk have infection of heavy intensity.



The elimination of morbidity in risk groups is based on another concept defined as the
elimination of the disease as a public health problem and states that less than one
percent of the individuals, in the group at risk have infection of heavy intensity.

‘Heavy intensity’ is defined as 50 eggs or more per ten milliliter urine, based on the
standard filtration technique (WHO, 2018).
These two sets of definitions create a muddle, because it is not clear from the latest
version, if the 2018 definitions should be added or supersede those from 2015. The new
definitions of ‘control of morbidity’ and ‘elimination of morbidity’ are not conforming to
what was given by Dowdle 1998, since none of them addresses incidence or prevalence at
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all. ‘Elimination of morbidity’ is especially problematic, since it is, at best, conforming to
the original Dowdle criteria for ‘disease control’.
I will, however, maintain that ‘elimination of morbidity’ poses even weaker criteria than
what was originally defined as ‘disease control’, since only intensity of infection is
mentioned and nothing about disease occurrence. For urogenital schistosomiasis, this
means that an undefined, even possibly large proportion of a population could be infected.
The transmission could be ongoing to an unknown extent, but still the disease would be
considered eliminated as a public health problem. This outcome is made possible, because
the 2018 definition allows that the individuals, examined for the evaluation of a masstreatment outcome, are exhibiting a low intensity of infection in terms of number of eggs
in the urine on a single occasion. By not allowing more than one percent of the individuals
in a defined population to exceed an arbitrary level of egg production, we are encouraged
to consider this as a sort of elimination!
The 2018 definition raises questions about the underlying assumptions used to define when
schistosomiasis should be considered a public health problem. Arguments have been put
forward that the so called ‘light infections’ are not as benign as previously thought. It is the
infection and not the intensity of infection that should be considered (King et al., 2008).
Concerns that long term mass-treatment campaigns might also give rise to praziquantelresistant worms have also been put forward (Coles, 2012).
The most probable reason for these new goals of the WHO mass-treatment campaigns
against schistosomiasis is that it is easier to determine the intensity of infection than the
prevalence, both before and after drug administration (IV). As a consequence of these
relaxed conditions, it will be far easier to proclaim that a state of control or elimination has
been reached in defined populations.
Will mass-treatment campaigns, perhaps together with other types of interventions
intended to stop the life cycle of S. haematobium, be enough to truly eliminate urogenital
schistosomiasis? It is worth noticing that the mass-treatment campaigns were originally
designed to control the morbidity (WHOb, 2006). Reports have indicated that the
treatment regimen used in mass-treatment campaigns has a lower cure rate than first
assumed. From the outset it was said that about 90 percent of the treated individuals were
cured, i.e. worm free, but later studies have shown that the proportion of cured individuals
can be as low as 62 percent (Olliaro et al., 2011; Kramer et al., 2014). There are several
possible reasons for these results. The dosage delivered might be sub-optimal (III).
Treatment with praziquantel does not act on schistosomula or juvenile worms and
therefore these can remain, develop and mature in the human body (Vale et al., 2017).
Another important reason is that the treatment will not prevent immediate re-infection
(Vale et al., 2017). Drug compliance is another issue, which has been suggested as
hampering the effect of mass-treatment campaigns. Reasons for not complying when
offered the drug were explored in a study from the Ivory Coast; three important reasons
emerged, work related activities, the bitter taste of praziquantel and previous experiences
with adverse events. More than three-quarter of the interviewees, who had taken
praziquantel, declared that they would not participate in future treatments (Coulibaly et al.,
2018).
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In Africa, where the absolute majority of urogenital schistosomiasis-infected people are
residing, it was reported that 35 percent of the people in need of praziquantel received
treatment in 2016 (WHO, 2017). This is quite far from the aim of a 75 percent coverage of
those at risk (WHO, 2018). These latter results combined with reports showing low drug
compliance raise suspicions about the effectiveness of the mass-treatment campaign model
(Muhumuza et al., 2013; Coulibaly et al., 2018). In an example adapted from Ross and
coworkers only 22 percent of the infected population will be cured, if the coverage is 35
percent and the drug efficacy 62 percent (Ross et. al., 2017).
Given these circumstances and taken together with fact that praziquantel is a fast acting
drug without long-term effects, it seems unlikely that mass-treatment campaigns against
schistosomiasis will achieve the stated goal of ‘elimination of transmission’.
A combination of mass-treatments and other types of interventions aimed at curbing the
life cycle of S. haematobium may be a possible approach, but this will probably require
resources and commitments on another scale than seen today. Clearly, a well tolerated
vaccine with good protective properties will, to a high degree, prevent infection from
occurring. This will be an important corner-stone for the problem of elimination of
urogenital schistosomiasis. It is, however, not a given fact that even a vaccine will be the
sole savior to this specific problem. Diagnosis, treatment must precede prevention – the
same triad is valid both for schistosomiasis and tungiasis.
Common to the two diseases are that their eventual cessation will require commitment and
resources from the local up to the governmental level; otherwise they cannot be dealt with
properly. Whatever large scale intervention conceived, sustainable resources for the
undertaking will be very important. Societal and political commitment is absolutely
necessary. Since local resources will be affected, a very careful prioritization is needed
(Dowdle 1998). Is the problem we want to solve recognized as a health issue and
prioritized at all by the afflicted populations? Other not uncommon problems that will
impair public health interventions of a larger scale are political instabilities, conflicts and
war (Beyrer et al., 2007).
Clearly there are other issues to consider beside those mentioned above, before we can
claim success (Parker & Allen 2011). Control and even more so, elimination thus requires
more than just medicaments to be achievable. Many types of skills and capacities are
needed for an efficient progression towards attainable public health goals. A
transdisciplinary approach should be both feasible and favorable, involving at least the
disciplines epidemiology, sociology and ethics (Ciesielski et al., 2017).
Embarking on project with the intention to eliminate a disease will require a lot from those
attempting. One should not ignore the severe consequences of a failure; careful planning
and precise execution, while making sure all the necessary prerequisites are fulfilled, will
help to avoid this and the ensuing distrust in public health interventions. Good evidence is
fundamental for trustworthiness in public health actions.
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Ethical issues
Public health practice, in terms of interventions as discussed here, must be founded on
sound scientific principles. Such interventions are being employed on populations with the
intention to raise the well-being of these groups. Public health interventions also means
adherence to particular moral responsibilities. We need to take into account science, social
life and the ethics, if we want to pursue good public health. Dealing with large public
health interventions, where resources are scarce and conditions fragile in contexts of
poverty, should at the least involve the principle of justice (Beauchamp & Childress, 2001).
A single conception of justice, which supports existing public health policies, does not exist
and no concept of justice is independent of other principles such as beneficence or nonmaleficence. The basic idea to benefit those suffering from a condition could be hampered
by less well planned interventions. Such possibilities are clearly unintended effects and can
seem insignificant, but still the risk gets tangible in large scale public health interventions. A
long term intervention that is not well executed, could lead to missed drug resistance locally
here and there. If side-effects of the drug are not well described to all the recipients, it
might lead to impaired drug compliance among scattered groups in larger populations. The
resulting health related issues such also present ethical problems which cannot be ignored.
The justice principle should obligate us to pursue and exercise fairness in the quest of
delivering public health interventions.
For public health policies to be just, the description of the situation they aim to address
must be accurate, sufficient and the reasons behind them must be the ones that insightful
people among providers and receivers could find most appropriate (Rhodes, 2005).
Were all the individuals that should have had treatment identified and treated? Are the
proposed efforts affordable and sustainable given such fragile contexts? Are we spending
the available resources on the wrong things? Complex questions, not always easy to answer.
What is clear, however, is that without available good diagnostic tools and an effective
treatment it would be premature and unethical to embark on any control or elimination
campaign.
Any of all the diverse intervention activities mentioned above will matter very little, unless
we are able to detect the disease in question with a sensitive and specific method, not too
complicated to use and at the same time affordable. Equally important is that we can
provide an intervention and an effective treatment that is at least affordable and sustainable
and will ultimately make a difference for those suffering from the disease.
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Conclusions of the thesis
This thesis has brought forward and demonstrated that
• it is possible to diagnose both tungiasis and schistosomiasis haematobium
adequately in afflicted groups,
• a possible treatment for tungiasis exists and a sufficiently precise dosing
procedure for schistosomiasis haematobium is present.
By this the core prerequisites are better fulfilled both for control and elimination of
tungiasis and schistosomiasis haematobium. These prerequisites are necessary conditions,
albeit not sufficient on their own.

2ℵ

29

Acknowledgement
My most sincere and deepest thanks go to my head supervisor Professor em. Ingela
Krantz. Your curiosity and take on science is always an important inspiration. It’s been an
interesting journey and still it’s not said and done!
To Professor em. Stig Wall I want to say that your sharp notions, trust and patience have
been crucial for this completion and for this I thank you.
Professor Beth Maina-Ahlberg, you are a real friend that pricks me with laughter. Thanks
for prodding my thoughts in all these opposing directions and for saving the day.
To Professor em. Hermann Feldmeier I want to express my absolute gratitude for so many
interesting and refreshing moments of thought and idea sharing. You invitation to other
research fields have been really very interesting.
Professor em. Bo Eriksson thanks for lending me good moments, with your sharp
thoughts and critical outlook, you contributed and encouraged in many ways.
Doctor Gabrielle Poggensee, you showed me your ways of thinking and new ways of
getting things done. I will always be grateful for our joint project days.
Doctor Sabina Mtweve, thank you for making me feel welcome, a stranger in your world,
and thank you for not losing faith.
A very warm thanks to all other co-authors Marlene Thielecke, Nicholas Ngomi, Edwin
Mwasindikila Nyale, George Mukone Mudanga.
Thanks must go to public health nurse Pilli Nyindo all her collegues, your resilience and
never ending energy made the project days in Tanzania to something so much better and
thus my work as well.
I also want to express my sincere gratitude to Anneli Darheden, Cristina LundqvistPersson, Björn Landström and all my colleagues, fellow researchers and friends at the
Skaraborg Institute, your support and trust has made this effort very worthwhile.
Ulrika Harju, thank you for all you thoughtful help and care with all those absolutely
necessary administrative and logistical tasks, your generosity has cleared the clouds.
Lovisa Krantz, I need to thank you. You have rewarded me with your gentle generosity and
systematic clarity in any situation. Lending me a helping hand as you did made this day so
much better.
After such a line-up there is still need for one more thing to say
My family and friends are truly what makes anything worthwhile.

30

References
Abdel-Salam E, Ehsan A. Cystoscopic picture of Schistosoma haematobium in Egyptian
children correlated to intensity of infection and morbidity. The American Journal of Tropical
Medicine and Hygiene 1978;27(4):774-8.
Ahahdi Kenya Trust. The Jigger Menace in Kenya Report 2010 [Available from:
http://www.jigger-ahadi.org/anti_jigger_magazine_year_2_%20final.pdf] (Accessed: 2018
11 26).
Ahlberg BM, Mwangi R, Poggensee G, Feldmeier H, Krantz I. ‘Better infection than
hunger'. A study of illness perceptions with special focus on urinary schistosomiasis in
Northern Tanzania. African Sociological Review 2003;7.
Anderson RM. The Population Dynamics of Infectious Diseases: Theory and Applications.
London: Chapman and Hall; 1982.
Anto F, Bimi L. Potential of Lanistes varicus in limiting the population of Bulinus
truncatus. BMC Research Notes 2017;10(1):509.
Ariza L, Seidenschwang M, Buckendahl J, Gomide M, Feldmeier H, Heukelbach J.
Tungiasis: a neglected disease causing severe morbidity in a shantytown in Fortaleza, State
of Ceará. Revista da Sociedade Brasileira de Medicina Tropical 2007;40(1):63-7.
Ariza L, Wilcke T, Jackson A, Gomide M, Ugbomoiko US, Feldmeier H, et al. A simple
method for rapid community assessment of tungiasis. Tropical Medicine & International Health
2010;15(7):856-64.
Beauchamp TL, Childress JF. Principles of biomedical ethics. Fifth ed. Oxford: Oxford
University Press, 2001.
Bergquist R, Zhou XN, Rollinson D, Reinhard-Rupp J, Klohe K. Elimination of
schistosomiasis: the tools required. Infectious Diseases of Poverty 2017;6(1):158.
Beyrer C, Villar JC, Suwanvanichkij V, Singh S, Baral SD, Mills EJ. Neglected diseases, civil
conflicts, and the right to health. Lancet 2007;370(9587):619-27.
Bhattacharya S. Reflections on the eradication of smallpox. Lancet 2010;375(9726):1602-3.
Bland JM, Altman DG. Applying the right statistics: analyses of measurement studies.
Ultrasound in Obstetrics & Gynecology 2003;22(1):85-93.
Buckendahl J, Heukelbach J, Ariza L, Kehr JD, Seidenschwang M, Feldmeier H. Control of
tungiasis through intermittent application of a plant-based repellent: an intervention study
in a resource-poor community in Brazil. PLoS Neglected Tropical Diseases. 2010;4(11):e879.
Burgess IF. The mode of action of dimeticone 4% lotion against head lice, Pediculus
capitis. BMC Pharmacology 2009;9:3.
Catalano S, Sène M, Diouf ND, Fall CB, Borlase A, Léger E, et al. Rodents as natural hosts
of zoonotic Schistosoma species and hybrids: An epidemiological and evolutionary
perspective from West Africa. The Journal of Infectious Diseases 2018;218(3):429-33.

31

Chadee DD. Tungiasis among five communities in south-western Trinidad, West Indies.
Annals of Tropical Medicine and Parasitology 1998;92(1):107-13.
Cheever AW, Kamel IA, Elwi AM, Mosimann JE, Danner R. Schistosoma mansoni and S.
haematobium infections in Egypt. II. Quantitative parasitological findings at necropsy. The
American Journal of Tropical Medicine and Hygiene 1977;26(4):702-16.
Ciesielski TH, Aldrich MC, Marsit CJ, Hiatt RA, Williams SM. Transdisciplinary
approaches enhance the production of translational knowledge. Translational Research
2017;182:123-134.
Cleaveland S, Sharp J, Abela-Ridder B, Allan KJ, Buza J, Crump JA, Davis A, Del Rio Vilas
VJ, de Glanville WA, Kazwala RR, Kibona T, Lankester FJ, Lugelo A, Mmbaga BT,
Rubach MP, Swai ES, Waldman L, Haydon DT, Hampson K, Halliday JEB. One Health
contributions towards more effective and equitable approaches to health in low- and
middle-income countries. Philosophical Transactions of the Royal Society B: Biological Sciences
2017;372(1725). pii: 20160168.
Cochrane AL. Effectiveness and efficiency: Random reflections on health services.
Nuffield Provincial Hospitals Trust; 1972.
Coles GC. Comment on: Preventive chemotherapy in human helminthiasis: theoretical and
operational aspects. Transactions of the Royal Society of Tropical Medicine and Hygiene
2012;106(5):327-8.
Colley DG, Bustinduy AL, Secor WE, King CH. Human schistosomiasis. Lancet
2014;383(9936):2253-64.
Coulibaly JT, Ouattara M, Barda B, Utzinger J, N'Goran EK, Keiser J. A Rapid Appraisal
of Factors Influencing Praziquantel Treatment Compliance in Two Communities Endemic
for Schistosomiasis in Côte d'Ivoire. Tropical Medicine and Infectious Disease 2018;3(2). pii: E69.
Couto FF, Coelho PM, Araújo N, Kusel JR, Katz N, Jannotti-Passos LK, Mattos AC.
Schistosoma mansoni: a method for inducing resistance to praziquantel using infected
Biomphalaria glabrata snails. Memórias do Instituto Oswaldo Cruz. 2011;106(2):153-7.
Cummings C, Finlay JC, MacDonald NE. Head lice infestations: A clinical update.
Paediatrics and Child Health 2018;23(1):e18-e24.
Doenhoff MJ, Cioli D, Utzinger J. Praziquantel: mechanisms of action, resistance and new
derivatives for schistosomiasis. Current Opinion in Infectious Diseases 2008;21(6):659-67.
Doenhoff MJ, Hagan P, Cioli D, Southgate V, Pica-Mattoccia L, Botros S, et al.
Praziquantel: its use in control of schistosomiasis in sub-Saharan Africa and current
research needs. Parasitology 2009;136(13):1825-35.
Dowdle WR. The principles of disease elimination and eradication. Bulletin of the World
Health Organization 1998;76 Suppl 2:22-5.
Eisele M, Heukelbach J, Van Marck E, Mehlhorn H, Meckes O, Franck S, et al.
Investigations on the biology, epidemiology, pathology and control of Tunga penetrans in
Brazil: I. Natural history of tungiasis in man. Parasitology Research 2003;90(2):87-99.
Elson L, Wright K, Swift J, Feldmeier H. Control of Tungiasis in Absence of a Roadmap:
Grassroots and Global Approaches. Tropical Medicine and Infectious Disease 2017;2(3). pii: E33.

32

FDA. Biltricide® Labeling-Package Insert 02/25/2014
[https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&A
pplNo=018714] (Accessed 2018-12-04).
Feldmeier H, Thielecke M, Mukone Mudanga G, Ugbomoiko US, Krantz I. Health hazards
associated with traditional treatment of tungiasis. The American Journal of Tropical
Medicine and Hygiene (Abstract for a ASTMH-conference: 2013;89:LB-2098A).
Feldmeier H. Treatment of pediculosis capitis: a critical appraisal of the current literature.
American Journal of Clinical Dermatology 2014;15(5):401-12.
Feldmeier H, Bienzle U, Dietrich M, Sievertsen HJ. Combination of a viability test and a
quantification method for Schistosoma haematobium eggs (filtration--trypan blue-stainingtechnique). Tropenmedizin und Parasitologie 1979;30(4):417-22.
Feldmeier H, Doehring E, Daffalla AA. Simultaneous use of a sensitive filtration technique
and reagent strips in urinary schistosomiasis. Transactions of The Royal Society of Tropical
Medicine and Hygiene 1982;76(3):416-21.
Feldmeier H, Eisele M, Sabóia-Moura RC, Heukelbach J. Severe tungiasis in
underprivileged communities: case series from Brazil. Emerging Infectious Diseases journal
2003;9(8):949-55.
Feldmeier H, Eisele M, Van Marck E, Mehlhorn H, Ribeiro R, Heukelbach J.
Investigations on the biology, epidemiology, pathology and control of Tunga penetrans in
Brazil: IV. Clinical and histopathology. Parasitology Research 2004;94(4):275-82.
Feldmeier H, Heukelbach J. Epidermal parasitic skin diseases: a neglected category of
poverty-associated plagues. Bulletin of the World Health Organization 2009;87(2):152-9.e6
Feldmeier H, Heukelbach J, Eisele M, Ribeiro R, Harms G, Mehlhorn H, et al.
Investigations on the biology, epidemiology, pathology and control of Tunga penetrans in
Brazil: III. Cytokine levels in peripheral blood of infected humans. Parasitology Research
2003;91(4):298-303.
Feldmeier H, Heukelbach J, Eisele M, Sousa AQ, Barbosa LM, Carvalho CB. Bacterial
superinfection in human tungiasis. Tropical Medicine & International Health 2002;7(7):559-64.
Feldmeier H, Heukelbach J, Ugbomoiko US, Sentongo E, Mbabazi P, von SamsonHimmelstjerna G, et al. Tungiasis - a neglected disease with many challenges for global
public health. PLoS Neglected Tropical Diseases 2014;8(10):e3133.
Feldmeier H, Kehr JD, Heukelbach J. A plant-based repellent protects against Tunga
penetrans infestation and sand flea disease. Acta Tropica 2006;99:126–136.
Feldmeier H, Keysers A. Tungiasis - A Janus-faced parasitic skin disease. Travel Medicine and
Infectious Disease 2013;11(6):357-65.
Feldmeier H, Poggensee G. Diagnostic techniques in schistosomiasis control. A review.
Acta Tropica 1993;52(4):205-20.
Feldmeier H, Sentongo E, Krantz I. Tungiasis (sand flea disease): a parasitic disease with
particular challenges for public health. European Journal of Clinical Microbiology & Infectious
Diseases 2013;32(1):19-26.

33

Fernere TB. Mitteilungen über Distomum haematobium. Zeitschrift für Wissenschaftliche
Zoologie 1853:454-6.
Flueckiger RM, Nikolay B, Gelderblom HC, Smith JL, Haddad D, Tack W, Hendrickx G,
Addiss D, Cano J, Hatcher DR, Hopkins A, Pullan RL, Pavluck A, Ottesen E, Brooker SJ.
Integrating data and resources on neglected tropical diseases for better planning: the NTD
mapping tool (NTDmap.org). PLoS Neglected Tropical Diseases 2015;9(2):e0003400.
French MD, Churcher TS, Gambhir M, Fenwick A, Webster JP, Kabatereine NB, et al.
Observed reductions in Schistosoma mansoni transmission from large-scale administration of
praziquantel in Uganda: a mathematical modelling study. PLoS Neglected Tropical Diseases
2010;4(11):e897.
Freudenthal S, Ahlberg BM, Mtweve S, Nyindo P, Poggensee G, Krantz I. School-based
prevention of schistosomiasis: initiating a participatory action research project in northern
Tanzania. Acta Tropica 2006;100(1-2):79-87.
Gallardo A, Mougabure-Cueto G, Vassena C, Picollo MI, Toloza AC. Comparative efficacy
of new commercial pediculicides against adults and eggs of Pediculus humanus capitis
(head lice). Parasitology Research 2012;110:1601–6.
Geerts S, Gryseels B. Anthelmintic resistance in human helminths: a review. Tropical
Medicine & International Health 2001;6(11):915-21.
Gray DJ, Ross AG, Li YS, McManus DP. Diagnosis and management of schistosomiasis.
BMJ 2011;342:d2651.
Gryseels B, Polman K, Clerinx J, Kestens L. Human schistosomiasis. Lancet 2006; 368:
1106–18
Guerra F. Aleixo de Abreu [1568-1630], author of the earliest book on tropical medicine
describing amoebiasis, malaria, typhoid fever, scurvy, yellow fever, dracontiasis, trichuriasis
and tungiasis in 1623. The Journal of Tropical Medicine and Hygiene 1968;71(3):55-69.
Hall A, Nokes C, Wen ST, Adjei S, Kihamia C, Mwanri L, et al. Alternatives to bodyweight
for estimating the dose of praziquantel needed to treat schistosomiasis. Transactions of The
Royal Society of Tropical Medicine and Hygiene 1999;93(6):653-8.
Henderson DA. A victory for all mankind. In: Smallpox is dead! World Health. 1980; May:
3-5.
Heuckelbach J, Oliveira FA, Richter J, Haüssinger D. Dimeticone-Based Pediculocides: A
Physical Approach to Eradicate Head Lice. The Open Dermatology Journal 2010;4:77–81.
Heukelbach J, Ugbomoiko US. Tungiasis in the past and present: A dire need for
intervention. Nigerian Journal of Parasitology 2007:1–5.
Heukelbach J, Costa AM, Wilcke T, Mencke N, Feldmeier H. The animal reservoir of
Tunga penetrans in severely affected communities of north-east Brazil. Medical and Veterinary
Entomology 2004;18(4):329-35.
Heukelbach J, de Oliveira FA, Hesse G, Feldmeier H. Tungiasis: a neglected health
problem of poor communities. Tropical Medicine & International Health 2001;6(4):267-72.
Heukelbach J, Eisele M, Jackson A, Feldmeier H. Topical treatment of tungiasis: a
randomized, controlled trial. Annals of Tropical Medicine and Parasitology 2003;97(7):743-9.

34

Heukelbach J, Franck S, Feldmeier H. Therapy of tungiasis: a double-blinded randomized
controlled trial with oral ivermectin. Memórias do Instituto Oswaldo Cruz 2004;99(8):873-6.
Heukelbach J, Pilger D, Oliveira FA, Khakban A, Ariza L, Feldmeier H. A highly
efficacious pediculicide based on dimeticone: randomized observer blinded comparative
trial. BMC Infectious Diseases 2008;8:115.
Heukelbach J, Wilcke T, Eisele M, Feldmeier H. Ectopic localization of tungiasis. The
American Journal of Tropical Medicine and Hygiene 2002;67(2):214-6.
Heukelbach J, Wilcke T, Winter B, Sales de Oliveira FA, Sabóia Moura RC, Harms G, et al.
Efficacy of ivermectin in a patient population concomitantly infected with intestinal
helminths and ectoparasites. Arzneimittel-Forschung 2004;54(7):416-21.
Hinz R, Schwarz NG, Hahn A, Frickmann H. Serological approaches for the diagnosis of
schistosomiasis - A review. Molecular and Cellular Probes 2017;31:2-21.
Hodges MH, Dada N, Warmsley A, Paye J, Bangura MM, Nyorkor E, et al. Mass drug
administration significantly reduces infection of Schistosoma mansoni and hookworm in
school children in the national control program in Sierra Leone. BMC Infectious Diseases
2012;12:16.
Hotez PJ. The neglected tropical diseases and the neglected infections of poverty: overview
of their common features, global disease burden and distribution, new control tools, and
prospects for disease elimination. In: Choffnes ER, Relman DA (rapps). The Causes and
Impacts of Neglected Tropical and Zoonotic Diseases: Opportunities for Integrated
Intervention Strategies: Workshop Summary. Pp: 221-37;2011.
Hotez PJ, Bottazzi ME, Bethony J, Diemert DD. Advancing the Development of a Human
Schistosomiasis Vaccine. Trends in Parasitology 2018. pii: S1471-4922(18)30236-8.
Hürlimann E, Schur N, Boutsika K, Stensgaard AS, Laserna de Himpsl M, Ziegelbauer K,
Laizer N, Camenzind L, Di Pasquale A, Ekpo UF, Simoonga C, Mushinge G, Saarnak CF,
Utzinger J, Kristensen TK, Vounatsou P. Toward an Open-Access Global Database for
Mapping, Control, and Surveillance of Neglected Tropical Diseases. PLoS Neglected Tropical
Diseases 2011;5(12):e1404
Jack A, Bradley D. Scales modified for dose determination in population-based
chemotherapy. Lancet 1991;337(8735):219-21.
Jamieson BGM. Schistosoma: Biology, Pathology and Control. London: CRC Press; 2016.
Jimbo M. Evaluation and management of hematuria. Primary Care 2010;37(3):461-72, vii.
Joseph JK, Bazile J, Mutter J, Shin S, Ruddle A, Ivers L, et al. Tungiasis in rural Haiti: a
community-based response. Transactions of The Royal Society of Tropical Medicine and Hygiene
2006;100(10):970-4.
Joyeux C, Sicé A. Précis de Médecine Coloniale. Paris, France: Masson et Cie; 1937.
Kelly JD, Fawcett DP, Goldberg LC. Assessment and management of non-visible
haematuria in primary care. BMJ 2009;338:a3021.
King CH, Bertsch D. Historical Perspective: Snail Control to Prevent Schistosomiasis.
PLoS Neglected Tropical Diseases 2015b;9(4):e0003657.

35

King CH, Bertsch D. Meta-analysis of urine heme dipstick diagnosis of Schistosoma
haematobium infection, including low-prevalence and previously-treated populations. PLoS
Neglected Tropical Diseases 2013;7(9):e2431.
King CH, Dangerfield-Cha M. The unacknowledged impact of chronic schistosomiasis.
Chronic Illness 2008;4(1):65-79.
King CH, Galvani AP. Underestimation of the global burden of schistosomiasis. Lancet
2018;391(10118):307-8.
King CH, Muchiri EM, Ouma JH. Evidence against rapid emergence of praziquantel
resistance in Schistosoma haematobium, Kenya. Emerging Infectious Diseases journal 2000;6(6):58594.
King CH, Sutherland LJ, Bertsch D. Systematic Review and Meta-analysis of the Impact of
Chemical-Based Mollusciciding for Control of Schistosoma mansoni and S. haematobium
Transmission. PLoS Neglected Tropical Diseases 2015; 9(12): e0004290.
Kosinski KC, Bosompem KM, Stadecker MJ, Wagner AD, Plummer J, Durant JL, et al.
Diagnostic accuracy of urine filtration and dipstick tests for Schistosoma haematobium
infection in a lightly infected population of Ghanaian schoolchildren. Acta Tropica
2011;118(2):123-7.
Kramer CV, Zhang F, Sinclair D, Olliaro PL. Drugs for treating urinary schistosomiasis.
Cochrane Database of Systematic Reviews 2014(8):CD000053.
Krauth SJ, Greter H, Stete K, Coulibaly JT, Traoré SI, Ngandolo BN, et al. All that is
blood is not schistosomiasis: experiences with reagent strip testing for urogenital
schistosomiasis with special consideration to very-low prevalence settings. Parasites &
Vectors 2015;8:584.
Laamrani H, Khallaayoune K, Boelee E, Laghroubi MM, Madsen H, Gryseels B.
Evaluation of environmental methods to control snails in an irrigation system in Central
Morocco. Tropical Medicine & International Health 2000;5(8):545-52.
Linardi PM, Calheiros CM, Campelo-Junior EB, Duarte EM, Heukelbach J, Feldmeier H.
Occurrence of the off-host life stages of Tunga penetrans (Siphonaptera) in various
environments in Brazil. Annals of Tropical Medicine & Parasitology 2010;104(4):337-45.
Liu R, Dong HF, Guo Y, Zhao QP, Jiang MS. Efficacy of praziquantel and artemisinin
derivatives for the treatment and prevention of human schistosomiasis: a systematic review
and meta-analysis. Parasites & Vectors 2011;4:201.
Ministry of Health, Republic of Kenya. National policy guidelines on prevention and
control of jigger infestations. Division of environmental health. 2014.
Molyneux DH, Hopkins DR, Zagaria N. Disease eradication, elimination and control: the
need for accurate and consistent usage. Trends in Parasitology 2004;20(8):347-51.
Montresor A. Cure rate is not a valid indicator for assessing drug efficacy and impact of
preventive chemotherapy interventions against schistosomiasis and soil-transmitted
helminthiasis. Transactions of The Royal Society of Tropical Medicine and Hygiene 2011;105(7):3613.

36

Montresor A, Engels D, Chitsulo L, Bundy DA, Brooker S, Savioli L. Development and
validation of a 'tablet pole' for the administration of praziquantel in sub-Saharan Africa.
Transactions of The Royal Society of Tropical Medicine and Hygiene 2001;95(5):542-4.
Montresor A, Engels D, Ramsan M, Foum A, Savioli L. Field test of the 'dose pole' for
praziquantel in Zanzibar. Transactions of The Royal Society of Tropical Medicine and Hygiene
2002;96(3):323-4.
Montresor A, Odermatt P, Muth S, Iwata F, Raja'a YA, Assis AM, et al. The WHO dose
pole for the administration of praziquantel is also accurate in non-African populations.
Transactions of The Royal Society of Tropical Medicine and Hygiene 2005;99(1):78-81.
Mott KE, Dixon H, Osei-Tutu E, England EC. Relation between intensity of Schistosoma
haematobium infection and clinical haematuria and proteinuria. Lancet 1983;1(8332):1005-8.
Muehlen M, Feldmeier H, Wilcke T, Winter B, Heukelbach J. Identifying risk factors for
tungiasis and heavy infestation in a resource-poor community in northeast Brazil.
Transactions of The Royal Society of Tropical Medicine and Hygiene 2006;100(4):371-80.
Muehlen M, Heukelbach J, Wilcke T, Winter B, Mehlhorn H, Feldmeier H. Investigations
on the biology, epidemiology, pathology and control of Tunga penetrans in Brazil. II.
Prevalence, parasite load and topographic distribution of lesions in the population of a
traditional fishing village. Parasitology Research 2003;90(6):449-55.
Muhumuza S, Olsen A, Katahoire A, Nuwaha F. Uptake of preventive treatment for
intestinal schistosomiasis among school children in Jinja district, Uganda: a cross sectional
study. PLoS One 2013;8(5):e63438.
Mutapi F, Maizels R, Fenwick A, Woolhouse M. Human schistosomiasis in the post mass
drug administration era. The Lancet Infectious Diseases 2017;17(2):e42-e8.
Nair B, Cosmetic Ingredients Review Expert Panel. Final report on the safety assessment
of stearoxy dimethicone, dimethicone, methicone, amino bispropyl dimethicone,
aminopropyl dimethicone, amodimethicone, amodimethicone hydroxystearate, behenoxy
dimethicone, C24-28 alkyl methicone, C30-45 alkyl methicone, C30-45 alkyl dimethicone,
cetearyl methicone, cetyl dimethicone, dimethoxysilyl ethylenediaminopropyl dimethicone,
hexyl methicone, hydroxypropyldimethicone, stearamidopropyl dimethicone, stearyl
dimethicone, stearyl methicone, and vinyldimethicone. International Journal of Toxicology
2003;22 Suppl 2:11-35.
National Bureau of Statistics (NBS) [Tanzania], ICF Macro (2011). Tanzania demographic
and health survey 2010. Dar es Salaam, Tanzania: NBS; 2011. [Available at:
https://dhsprogram.com/pubs/pdf/FR243/FR243[24June2011].pdf] (Accessed 2018-1217).
Nordin P, Poggensee G, Mtweve S, Krantz I. From a weighing scale to a pole: a
comparison of two different dosage strategies in mass treatment of Schistosomiasis
haematobium. Global Health Action 2014;7:25351.
Nte AR, Eke FU. Jigger infestation in children in a rural area of Rivers State of Nigeria.
West African Journal of Medicine 1995;14(1):56-8.
Ochodo EA, Gopalakrishna G, Spek B, Reitsma JB, van Lieshout L, Polman K, et al.
Circulating antigen tests and urine reagent strips for diagnosis of active schistosomiasis in
endemic areas. Cochrane Database of Systematic Reviews 2015(3):CD009579.

37

Olliaro PL, Vaillant MT, Belizario VJ, Lwambo NJ, Ouldabdallahi M, Pieri OS, Amarillo
ML, Kaatano GM, Diaw M, Domingues AC, Favre TC, Lapujade O, Alves F, Chitsulo L.
A multicentre randomized controlled trial of the efficacy and safety of single-dose
praziquantel at 40 mg/kg vs. 60 mg/kg for treating intestinal schistosomiasis in the
Philippines, Mauritania, Tanzania and Brazil. PLoS Neglected Tropical Diseases
2011;5(6):e1165.
Parker M, Allen T. Does mass drug administration for the integrated treatment of
neglected tropical diseases really work? Assessing evidence for the control of
schistosomiasis and soil-transmitted helminthes in Uganda. Health Research Policy and Systems
2011;6;9:3.
Poggensee G, Krantz I, Nordin P, Mtweve S, Ahlberg B, Mosha G, et al. A six-year followup of schoolchildren for urinary and intestinal schistosomiasis and soil-transmitted
helminthiasis in Northern Tanzania. Acta Tropica 2005;93(2):131-40.
Ratovonjato J, Randriambelosoa J, Robert V. Tunga penetrans (Insecta, Siphonaptera,
Tungidae) à Madagascar: une nuisance négligée. Revue de Médecine Vétérinaire
2008;159(11):551-6.
Rhodes R. Justice in medicine and public health. Camb Q Healthc Ethics 2005; 14: 13-26.
Richling I, Böckeler W. Lethal effects of treatment with a special dimeticone formula on
head lice and house crickets (Orthoptera, Ensifera: Acheta domestica and Anoplura,
phthiraptera: Pediculus humanus). Insights into physical mechanisms. Arzneimittel-Forschung
2008;58(5):248-54.
Rollinson D, Knopp S, Levitz S, Stothard JR, Tchuem Tchuenté LA, Garba A, et al. Time
to set the agenda for schistosomiasis elimination. Acta Tropica 2013;128(2):423-40.
Ross AG, Chau TN, Inobaya MT, Olveda RM, Li Y, Harn DA. A new global strategy for
the elimination of schistosomiasis. International Journal of Infectious Diseases 2017;54:130-137.
Rug M, Ruppel A. Toxic activities of the plant Jatropha curcas against intermediate snail
hosts and larvae of schistosomes. Tropical Medicine & International Health 2000;5(6):423-30.
Savioli L, Hatz C, Dixon H, Kisumku UM, Mott KE. Control of morbidity due to
Schistosoma haematobium on Pemba Island: egg excretion and hematuria as indicators of
infection. The American Journal of Tropical Medicine and Hygiene 1990;43(3):289-95.
Sene-Wade M, Marchand B, Rollinson D, Webster BL. Urogenital schistosomiasis and
hybridization between Schistosoma haematobium and Schistosoma bovis in adults living in
Richard-Toll, Senegal. Parasitology 2018;145(13):1723-6.
Smith JH, Christie JD. The pathobiology of Schistosoma haematobium infection in humans.
Human Pathology 1986;17(4):333-45.
Sousa-Figueiredo JC, Betson M, Stothard JR. Treatment of schistosomiasis in African
infants and preschool-aged children: downward extension and biometric optimization of
the current praziquantel dose pole. International Health 2012;4(2):95-102.
Sousa-Figueiredo JC, Pleasant J, Day M, Betson M, Rollinson D, Montresor A, et al.
Treatment of intestinal schistosomiasis in Ugandan preschool children: best diagnosis,
treatment efficacy and side-effects, and an extended praziquantel dosing pole. International
Health 2010;2(2):103-13.

38

Stapleton DH. Historical perspectives on malaria: the Rockefeller antimalaria strategy in the
20th century. Mount Sinai Journal of Medicine 2009;76(5):468-73.
Stephenson LS, Latham MC, Ottesen EA. Malnutrition and parasitic helminth infections.
Parasitology 2000;121 Suppl:S23-38.
Stothard JR, Sousa-Figueiredo JC, Betson M, Green HK, Seto EY, Garba A, et al. Closing
the praziquantel treatment gap: new steps in epidemiological monitoring and control of
schistosomiasis in African infants and preschool-aged children. Parasitology
2011;138(12):1593-606.
Strycharz JP, Lao AR, Alves A-M, Clark JM. Ovicidal Response of NYDA Formulations
on the Human Head Louse (Anoplura: Pediculidae) Using a Hair Tuft Bioassay. Journal of
Medical Entomology 2012; 49(2):336–342.
Tendler M, Almeida MS, Vilar MM, Pinto PM, Limaverde-Sousa G. Current Status of the
Sm14/GLA-SE Schistosomiasis Vaccine: Overcoming Barriers and Paradigms towards the
First Anti-Parasitic Human(itarian) Vaccine. Tropical Medicine and Infectious Disease 2018;3(4).
pii: E121.
Thielecke M, Feldmeier H. The fate of the embedded virgin sand flea Tunga penetrans:
hypothesis, self-experimentation and photographic sequence. Travel Medicine and Infectious
Disease 2013;11(6):440-3.
Thielecke M, Nordin P, Ngomi N, Feldmeier H. Treatment of Tungiasis with dimeticone: a
proof-of-principle study in rural Kenya. PLoS Neglected Tropical Diseases 2014;8(7):e3058.
Thielecke M, Raharimanga V, Rogier C, Stauss-Grabo M, Richard V, Feldmeier H.
Prevention of tungiasis and tungiasis-associated morbidity using the plant-based repellent
Zanzarin: a randomized, controlled field study in rural Madagascar. PLoS Neglected Tropical
Diseases 2013;7(9):e2426.
Thielecke M, Raharimanga V, Stauss-Grabo M, Rogier C, Richard V, Feldmeier H.
Regression of severe tungiasis-associated morbidity after prevention of re-infestation: a
case series from rural Madagascar. The American Journal of Tropical Medicine and Hygiene
2013;89(5):932-6.
Ukwandu NC, Nmorsi OP. The perception, beliefs and practices toward genitourinary
schistosomiasis by inhabitants of selected endemic areas (Edo/Delta States) in southeastern Nigeria. Revista do Instituto de Medicina Tropical de São Paulo 2004;46(4):209-16.
Utzinger J, Becker SL, van Lieshout L, van Dam GJ, Knopp S. New diagnostic tools in
schistosomiasis. Clinical Microbiology and Infection 2015;21(6):529-42.
Vale N, Gouveia MJ, Rinaldi G, Brindley PJ, Gärtner F, Correia da Costa JM. Praziquantel
for Schistosomiasis: Single-Drug Metabolism Revisited, Mode of Action, and Resistance.
Antimicrobial Agents and Chemotherapy 2017; 61(5). pii: e02582-16.
Van der Werf MJ, de Vlas SJ, Brooker S, Looman CW, Nagelkerke NJ, Habbema JD, et al.
Quantification of clinical morbidity associated with schistosome infection in sub-Saharan
Africa. Acta Tropica 2003;86(2-3):125-39.
Wang W, Wang L, Liang YS. Susceptibility or resistance of praziquantel in human
schistosomiasis: a review. Parasitology Research 2012 Nov;111(5):1871-7.

39

Warren KS. Schistosomiasis: a multiplicity of immunopathology. Journal of Investigative
Dermatology 1976;67(3):464-9.
Wilcke T, Heukelbach J, César Sabóia Moura R, Regina Sansigolo Kerr-Pontes L,
Feldmeier H. High prevalence of tungiasis in a poor neighbourhood in Fortaleza,
Northeast Brazil. Acta Tropica 2002;83(3):255-8.
Wilkins HA, Goll PH, Marshall TF, Moore PJ. Dynamics of Schistosoma haematobium
infection in a Gambian community. III. Acquisition and loss of infection. Transactions of The
Royal Society of Tropical Medicine and Hygiene 1984;78(2):227-32.
WHO assembly. Constitution of the world health organization.
Basic Documents, supplement 45th ed.: World Health Organization; 2006 [Available from:
http://www.who.int/governance/eb/who_constitution_en.pdf.] (Accessed 2018 11 26).
WHO assembly. Resolution N. 54.19. Geneva: World Health Organization; 2001 [Available
from: http://www.who.int/neglected_diseases/mediacentre/WHA_54.19_Eng.pdf]
(Accessed: 2018 11 26).
WHO assembly. Resolution on schistosomiasis WHA 65.21. Geneva: World Health
Organization; 2012 [Available from:
http://www.who.int/neglected_diseases/Schistosomiasis_wha65/en/.] (Accessed: 2018 11
26).
WHO. Accelerating work to overcome the global impact of neglected tropical diseases – A
roadmap for implementation. Geneva: World Health Organization; 2012 [Available from:
https://www.who.int/neglected_diseases/NTD_RoadMap_2012_Fullversion.pdf]
(Accessed: 2018 11 26).
WHO. Coordinated use of anthelminthic drugs in control interventions : a manual for
health professionals and programme managers. Geneva, Switzerland: World Health
Organization; 2006.
WHO. Generic framework for control, elimination and eradication of neglected tropical
diseases. Geneva, Switzerland: World Health Organization; 2015.
WHO. Morbidity due to schistosomes and soil transmitted helminths (STH): indicators and
procedures for measuring morbidity reduction in the context of a control programme
(WHO/CDS/NTD/PCT/2018.xxxxxx). Geneva: World Health Organization; 2018.
Licence: CC BY-NC-SA 3.0 IGO.
WHO. Preventive chemotherapy in human helminthiasis. World Health Organization;
2006. [Available from:
http://apps.who.int/iris/bitstream/handle/10665/43545/9241547103_eng.pdf]
(Accessed: 2018 12 17).
WHO. Recommendations for the adoption of additional diseases as neglected tropical
diseases. The WHO strategic and technical advisory group for neglected tropical diseases
(WHO STAG). World Health Organization; 2016 [Available from:
http://www.who.int/neglected_diseases/diseases/Adoption_additional_NTDs.pdf]
(Accessed: 2018 11 26).
WHO. Schistosomiasis. Technical documents and guidelines 2013. Report of an informal
consultation on schistosomiasis control. World Health Organization; 2011. [Available

40

from: http://apps.who.int/iris/bitstream/handle/10665/78066/9789241505017_eng.pdf
(Accessed: 2018 12 17).
WHO. The control of schistosomiasis. Report of a WHO Expert Committee. World
Health Organization Technical Report Series 1985;728:1-113.
WHO. World health statistics 2018: monitoring health for the SDGs, sustainable
development goals. World Health Organization; 2018 [Available from:
http://www.who.int/gho/publications/world_health_statistics/2018/en/.] (Accessed:
2018 11 26).
WHO. Weekly epidemiological record. No 49, 2017, 92, 749–760. [Available from:
apps.who.int/iris/bitstream/handle/10665/259593/WER9249.pdf ] (Accessed: 2018 12
12).
WHO. WHO list of essential medicines, 2017. World Health Organization; 2017.
[Available from: http://www.who.int/medicines/publications/essentialmedicines/en/ ]
(Accessed: 2018 11 22).
World Bank open data [Available from: https://data.worldbank.org/ ] (Accessed 2018 11
19).
Younes A, El-Sherief H, Gawish F, Mahmoud M. Biological control of snail hosts
transmitting schistosomiasis by the water bug, Sphaerodema urinator. Parasitology Research
2017;116(4):1257-1264.
Zwang J, Olliaro P. Efficacy and safety of praziquantel 40 mg/kg in preschool-aged and
school-aged children: a meta-analysis. Parasites & Vectors 2017;10:47

41

