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ABSTRACT

Schistosomiasis is known to affect-ove; 200 million:people in
tropical countrieg. It is well known to have variable manifestations in .
similar geographicél rgglons. It is also known to have variable )
responses to treatments in differéﬁt geographical regions.

Literaturd on its treatment though abundant reveals no agreement
on doses of drugs to be adminiqte;ed.

This thesis p;esents.a des;gn‘to determine doses of a recommended
drug in the treatment of haematobium scﬁistosomiasis. Three dosage
levels of ni?idazole (agbilhar) will be tested ;gainst a recommended dose
of metrifonaéea The trial will be conducted ovér a 12 month period and
will involve infected school children in a town in Ondo State of Nigeria.

Children will be followed up during the trial period to determine
i)

the effects of treatment on their urinary-egg output.
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CHAPTER I

INTRODUCTION

Schistosomiasis (synonym bilharziasis) is a chronic parasitic
infection with trematode_he&minths occurring in mammals (31, 62, 65).
The infection has been a topic of considerable interest to workers
in developing countries where the infection is endemic. Several
aspects of schistosomiasis that have been studied include the 11 fe
cycle of the parasite, diagnosis of infection, therapy and more.
Déspite the extensive literature available, many issues remain
unclarified. - For example, there is the question of where infection
ends and disease bégins. Should treatment be offered to all infected
individ;als or‘only those with evidence of disease?

The schistosoma parasite is belfeved to be pathogenic (that
is, it has the ability to produce digsease).. Depending on the defini-
tion of disease, pathogenicity is variable. .If disease is defined
as being equivalent to infection (egg detection im urine or faeces)
pathogenicit§ is greater than if diseasg is defined as the presence
-of symptoms f;ferable to the site of infection. For example, in
haematobium infection §isease is deéﬁed td be present if an individual
" passes eggs 4n urine agd has some 'or all of symptoms such as dysuria,
haematuria and.frequency of micturition (31). A distinction i}
usually m;de between infection and disease, -even though in the

absence of radiological, cystoscopic and other types of evidence, it
. .



is difficult to determine what proportion of inéected individuals are
diseased (38, 39, 57).

On the issue of therapy there is agreement about what drugs
to administer, but no agreement about the optimal dosages of these
drugs. Studies in different communities report different dosages
as being effective (28, 40, 75, 88). The possible reasons for this
variability include the variable study subjects, differences in
intensity of infection, and the strain and species of the parasite.
In an infecgion such as schistosomiasis in which the outcome is not
uniformly seriOuQ or fatal, therapeutic dosages should be determined
in standardized trials. '

This thesis proposes to address an aspecg of therapy in
children with schistosomiasis infection. Children have been selected
because it is believed that they benefit more from therapy than do
adults (60, 61, 63, 110). It is hoped that.tﬁfough a randomized
clinical trial, saféﬂgnd effective dosages will be identified. The
éreated'individual is also likely to have a reduction in the risk
of developing serious disease. The determination of effective and
safe dosages will likely make it easier.tb offer chemoprophylaxis if
and whenever this is décided upon.‘

As a prelude to the literature review and design, a brief

background will be given on schistosomiasis.

5 +
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1.1 The infection

Human schistosomiasis is mainly caused by three species of
schistogome, Schistosoma haematobium, Schistoscma japonicum and
Schistosoma mansoni (17, 31, 62, 73). The different species tend to
~occur in different geograpﬁical areas. S. haematobium occurs in
various parts of Africa, the Middle East and on Mauritius and Madagascar
(62). S. mansoni is widespréad-in parts of Africa, South America and
some Caribbean Islands. §. japoniouwn OCCurS’in Japan, China, the
Phil%ppines and other far eastern countries (62). The species of major
importance in most regions'of Nigeria is 5. haematobiwm (12, 26, 45, 46,
80). Its therapy forms the topic of this thesis. A brief discussion
of the schistosome life cycle follows. It will identify the parasitic
form that is infective’CO man, the form identified as a measure of

infection and/or disease and the form that is responsive to therapy.

A less common species common in the Congo 18 S. intercalatwn.

1.2 Parasite life cycle in man

The three species of schistoscme commonly parasitic in man
all have similar life cycles. A part of the life cycle occurs in
man, who acquires the infectiom on‘coming in contact with infected
water (62, 73). infective cercarium actively penetrates the human
. skin from where it finds its way to the liver. In the liver matufation
and mating occurs followed by migration through che.portal gystem
into the mesenteric or vesical veins where egg laying starts,

\ -
depending on the species (62, 65, 73). The route by which the



schistosomulae (as the young forms are now called) reach the final
destination in man is not really known. The adult worms of S. haema-
tobium occur predominantly in the vesical plexus, whilst S. japonicum
and S. mansoni occur predominantly in the mesenteric plexus. This
state of affairs occurs in pure infections of one species. Mixed
infections are quite common in the same individual. In 5. haematobium
infections eggs laid by femalé worms pass through the walls of the
fine blood vessels and through the bladder wall into the bladder lumen,
where they are voided into urine. If infected urine falls into fresh
water, the eggs hatch into miracidia wﬁich invade the appropriate
snail species. As long as viable eggs are excreted in urine; the

individual remains a potential source of infection (27, 83).

1.3 Life cycle in the intermediate host

All schistosome parasites have a stage of asexual multiplica-
t;pn occurring in an appropriate fresh water smail (31, 62,.65). 1In
S. haematobiuﬁ infections, the miracidia penetrate the Bulinus gpecies
of snails within which the miracidia undergo intermediate stages of
redia and sporocysts to become mature cercaria which are.infective to
- man. When man.makes contact with infected water, the cycle is
repeated again.

The schistogome form representing evidence of infection is
the egé. A measurable response to therapy is a reduetién or cessation
of egg.outp;t in urine. The literature review will discuss the magni-

tude of infection in Nigeria, the diagnosis and measures of infection



and disease, pathology of schistosomiasls, issues in therapy, and

control methods.



CHAPTER II

LITERATURE REVIEW

2.1 Magnitude of schistosomiasis

M)

The impact of a disease will usually be measured in terms of
its effect on an individual and its general imﬁortance‘to the community
in question.

Schistosomiasis either as the intestinal or urinary infection
is a common endemic infection in tropical countries (26, 51, 56, 58,
62). An endemic parasitic infection is defined as ome that is presert
rather uniformly in a host population. Transmission is well assured
and the infection has some stability (14). A 1977 symposium on schisto-
somiasis estimated that Aearly 200 million people in tropical counpries
have evidence of infection (74). In schistosomiasis the spectrum of
the infection is so highly variable even within the same country that
it has proven difficult to ascribe mortality to the infection with the
. exception of Egypt, wﬁere the infection seems to be of major public
health importance (1, 2, 3, 21, 33, 71). Part of the difficulty
occurs because in communities where the infection is highly prevalent,
other parasitic infections are also prevalent, nutrition is inadequate,
and with this multiplicity of events it is not eas; to identify any
single factor as causing pathology.

The mdgnitude of schistosomiagsis will be discussed in terms

6



of its effect on an infected individual as a cause of morbidity and
mortality and in terms of the distribution of infection in the popu-
lation. Since this thesis will be concerned with haematobium or
urinary schistosomiasis, the subsequent discussions pertain primarily

to haematobium infections.

2.1.1 Morbidity due to urinary schistosomiasis

.

The significance of schistosoma infection in an endemic
area is difficult to determine since multiple infections occur in the
same individual. S. haematobium has a low pathogenicity (defined in
this discussion as the proportion of infected cases who develop
disease) (15, 45, 46). It has been postulated that differences in
infective strains of 5. haematobium may be partly responsible for the
fact that not all infected individuals develop disease (26, 68). The
course of urinary schistosomiasis has been classified into four stagés
(shown in Table 1). Infected individuals are usualiy identified
during the stage of established infection. Some infected individuals
are asymptomatic whilst others have dysuria,-haematuria; and painful
micturition. These symptoms are apparently quite compatible with
normal day to day living (37, 45). Haematobium infection has been
blamed for tiredness, apathy and vague ill health, although Bradley
(13) found that even with the use of specially designed tests, it was
not possible to demonstrate excessive lassitude in infected individuals.
An alternative explanation could be that these tests wére insensitive.

In Egypt bladder cancer has been extensively studied in
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Table 1: A classification of the course of bilharziasis - based on parasitological, clinical
pathological aspects (62)

Stage Parasitological Clinical Pathological
Stage of Migration and Incubation period, in- Slight inflammatory
invasion beginning of cluding cercarial derma- reactions in skin, lungs
maturation titis, 1f present and liver
Stage of Completion of ) Toxaemic stage of the Hyperergic reactions,
"maturation maturation and early disease (or- acute febrile generalised and local,
oviposition stage) not always to products of eggs
recognised or present and/or young schistosomes
Stage of Intensive oviposition Stage of early chronic Local inflammatory
established accompanied by a disease, characterised reactions due to ova,
infection corresponding egg for instance by haema- resulting mainly in
discharge turia, or intestinal, and granuloma formation.
other digestive mani- Fibrosis 1is not a pre-
. festations possibly with dominant feature
cardio-pulmonary or
other complications
Stage of Prolonged infection - Stage of late chronic " Progressing formation
jrreversible| (usually with reduced disease, due to irrever- ,F varying with intensity of
effects . or discontinued egg gsible effects and/or F&\\ infection, and possibly
i extrusion) sequelae or compli- other factoxs of fibrous
cations tissue, with its conse-
quences according to the
organs involved
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association with urinary schistosomiasis (71). The high prevalences
of both urinary schistosomiasis and vesical cancer have ‘been taken as
some evidence thét the association is causal. However, in West Africa
and parts of the Middle East, bladder cancer is of low prevalence in
the presence of a high prevalence of urinary schistosomiasis. Further

studies are needed to confirm or refute a causal relationship.

2.1.2 Mortality due to urinary schistosodmiasis

The importance of urinary schistosomiasis as a cause of
mortality can be estim;ted with some certainty in autopsy studies.
Cheever (20) and others in an Egyptian study of 400 autopsies considered
schistosomiasis as the cause of death in 6.27% of all cases and 9.27% of
all infected cases. Death is believed to be a result of renal failure
following an acute infection of a hydronephrotic kidney (31). It has
been hypothesized that the low death rate due to schistosomiasis may -
be because individuals with more severe lesions such as hydromephosis

have already succumbed and their deaths (most likely at home) remain

unreported (43).

2.1.3 Schistosomiasis in Nigeria

Infection with both S. mansoni and S. haematobiwn is widespread
in Nigeria (26). Infection rates are highly variable, depending on the
area being studied. Children have high prevalence rates in many areas
(26, 45, 46, 84, 85). S. haematobium is the impo;tant infection with

higher prevalence rates compared with 5. mansoni. Cowper (26) feels
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that S. mangoni infections are likely under-reported because of a
greater difficﬂlty of diagnosis. Studies in Epe, believed to be a

highly endemic region, showed that 50% of those examined had haema-

tobium and only 1% had mansoni infection (46, 80). The Western
Region of Nigeria is believed to be endemic for both S. haematobiwm
and S. mansont, although S. haematobiwm 1is more important. S.
Zaematobium infection is commonly referred to as urinary schistoso-
miasis. It is believed that there are two distinct species of Bulinus
snails (truncatus and globosus), both of which cannot be infected by
S. haematobium from the same urine specimen. These strain differences
have been postulated to be partly responsible for differences in

spectrum of the infection (26, 68).

2.1.4 Morbidity and mortality studies in Nigeria

Gilles and others (45) in a study of 78 primary school -
children aged 9-15 years noted abnormalities in their urograms.
The study did not indicate the presence or absence of symptoms in
relation to these abnormalities. One assumption that could be made
is that since these children were apparently healthy school éttenders,
they were not incapacitated by éheir infec;ion. Pugh and Gilles
(85, 86), in a five year study, could not identify any urological
abﬁormalities in the presence of very high urinary egg outputs.
Their conclusion was that the infection did not result in any lesion. :
In this study of 59 males, tperé were no conérols and no comparisons

could be made with uninfected individuals or tho§e with low egg out-
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puts. It was unclear from the study what the initial urological
appearance had been. There is the possibility that five years may
well be too short for any noticeable change to occur.

In a study of 673 unselected autopsies S. haematobium eggs
were recovered in 135 bladders though no death could be attributed
to S. haematobiwm disease (38).

Apparently a lot of infected individual are able to tolerate

their infection.

2.1.5 Measures of human infection

As a prerequisite to the degermination of the importance of
schistosomiasis in any community or country, certain measurements
need to he taken in the populétion in question. Also, in order to
make meaningful comparisons of differemt areas or in order to assess
the progress of a control program, the efficacy of therapy or even
the effects of secular trends, changes in these measurements need to
be considered. These measures of infection will now be discussed in
some detail. Several rates have been proposed as being useful in
quantifying any infection or disease in groups of people (62, 67,
109). These include incidence rates, prevalence rates and, in infec-
tions, the intensity of infection. These rates are usually determined

from population surveys or sample studies.

c““y
/ ' n'\._
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A. Incidence of schistosomiasis

The incidence of infection is defined as the number of new
cases of infection detected in the population under study over a
period of time (64, 67). 1Incidence is often expressed as a rate,
the number of new cases of infection over a period of time per
population at risk of developing infection. Incidence measurement

involves several factors which will be mentioned briefly.

(1) The incidence rate is affefted by the period of obser-
vation in relation to the risk of being infected. If the population
in question is at risk for a short period of time, incidence rate
can be studied during that risk period which may only last for a few
days to a few weeks. The incidence rate will likely fall with removal
of the risk factor. If the risk is longstanding as is exposure to
schistosoma infection in an endemic area, one has to arbitrarily
select the period of observation. One year will be selected in this .
discussion primarily because it incorporates the two seasonal periods
(rainy and dry). Also, it is the more often selected period 4? time.
Incidence of infectiqn is presumably higher in the rainy seaso;\aﬁen
the snail habitats can flourish and lower in the dry season (53).- A
one year period will 1ikel§ even out the seasonal differences. It is
still possible that during this one year period some maturing infectioﬁ

will remain undiagnosed (29, 54, 91, 100).

(11) The necessity of a pretest in order to separate those wfho

are already infected and are no longer at risk from those who are at

i
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risk of developing infection. Only the uninfected group can be
studied in order to measure incidence. Depending on the finding, if
prevalence is high, it may be impossible to identify enough uninfected

individuéls in whom to measure incidence.

(1i1) The need for a sensitive measurement tool which will

_ not have many false negatives. The false negatives may later be
identified as new cases when in fact they should have been identified
during the earlier examinatign. Parasitological examination in
schistosomiasis may prove negative when infection is light so that a

false incldence rate 1s obtained.

(iv) The stability of the population being studied. If there
is frequent migration in and out of the community some new cases
identified may have contracted the infection outside the community.
If the proportion of new cases who contracted infection- outside the
study community but moved into the community, is equal or similar to
the proportion who moved out of tﬁe community after contracting
infection, the incidence rate is closg to the true rate. If these
proportions are not similar, the incidence rate will be falsified.
During the one year study period it will be assumed that this is a
stable population. This is a reasonable assumption since members of

-

the community who move usually do so at the end or beginning of a

]

year. These numbers are not very large and more often thgn not

children are usually left with relatives in the community (111).
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Considering point (iii) above, increased sensitivity is
obtained by examination of multiple urine samples in order to reduce
tﬁe number of false negatives (8, 10, 16, 101). Also, if the study
is executed among younger members of the population who if infeéted,
are more likely to have higher egg excretions, the likelihood of
missing new cases is reduced.

Theoretically, the incidence rgte gives some indication of
the effect of a manoeuvre such as chemotherapy on transmission. The
redsoning is that successful therapy results in a reduction or cessa-
tion of egg excretion. This wiil result in decreased contamination
of water and subsequently a reduction™in the risk of contracting
infection.

N

B. Prevalence 4 //

-

This is the proportion of the population infected (point
prevalence) (64, 67). Urine specimens obtained in population surveys
or selected samples are examined for schistosome eggs. Depending on the
sample surveyed, prevalence data tend to be highly variable in rela-
tion to the endemicity of schistosomiasis in the population and the
age structure (92, 109). Prevalence data consistently re;eal a
characteristic pattern of highest prevalence in individuals aged 6-20
years (1, 57, 82, 90). PreVglence rates are much lower amongst adults
and even more variable amongst the under fives. 1In areas of high
endemicity such as Egypt and Gambia, prevalence amongst the less than
fives is reported to be about 50-75% approaching nearly 100% in the

6~10 year olds (2, 104). Apart from age and geographic location, sex,
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proximity to water and population density are some of the factors
affecting prevalence.

Sex differences in prevalence have been noted in Egypt with
infection occurring predominantly in males (1, 59). Studies in Gambia
reveal no sex differences (104). Pugh and Gilles (84) have suggested
that this is probably because of the religious customs in Egypt which
are restrictive of females who are unlikely to bathe in public areas
and are therefore unlikely to contract infection. Densely populated
areas close to contaminated water will likely have higher prevalence
rate than populations located some dis;;nce away from water. Preva-
lence data may be used to assess the effect of a control program such
as chemotherapy. The interpretation of results will have to be
cautious since data obtained immediately following a program may
reveal a decrease in prevalence rate (53, 109). This éecrease is
very likely a temporary effect. A 2-3 year period is necessary for

a more lasting effect to be noted.

C. Intensity of infection

A third measure of human infection is the intensity of
infection as determined by the egg output (14, 109). This involves
quantif&ing the egg output. The definition of how intense an infec-
tion is seems arbitrary. With stool examination; it is usually
expressed as eggs per gram of fagqces, in 5. haematobiwn infections as
eggs per ml or per lO.ml of urine. Intensity is usually described

.as light, moderate or severe/heavy. The criteria for this classifi-
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cation are as variable as the number of people carrying out the
studies. Table 2 is an example of the varying classification.

It will be noted from Table 2 that there is no consensus
of opinion regarding categorizatiqy of the intensity of schistosomiasis
infection. There is, however, a widely held view that intensity of
infection is relevant to development of disease, response to therapy
and the potential for contamination of the environment (45, 46, 59,
66, 93, 98).

The relationship between age and intensity of infection is
roughly inverse with younger individuals having higher mean egg out-
puts (27, 51, 59, 84). This relationship is not a simple one, as
tbere are large individual and secular vairations—(83, 93, 97). The
intensit& of infection bears some relationship with the prevalence of
schistosomiasis. In areas with low prevaience (defined as less than
25% of population studied) over 90% of individuals haye egg counts
of less than 50 eggs per ml of urine whilst in areas with prevalence
greater than 75%, over 657 of individuals have counts greater than 50
eggs per ml of urine and greater (50, 74).

The intensity of infection is affected by several factors,
some of which are the rapidity of egg destruction in the body, host
nutrition, and egg distribution among tissues in the body (100).
There is sometq;fficulty with comparison of egg c;unts for several
reasons, some of which are the differences in counting techniques,
the lack of standardization of techniques and the dependence on the
expertise of the observers.

Other aspects of measuring intensity of infection involve



Table 2: Intensity of Infection

Study by Type of Infection Light Moderate Severe/Heavy
Abdel Salaam S. Haematobium 10 egg/ml of 15-30/ml of >35 egg/ml of urine
and others (1) urine urine

Bassily and
others (9)

S. mansoni

regarded 10,000 egg/24 hour stool as severe

~

enough to require therapy

Jordan (50)

S. haematobium

1-125 eggs/10 ml
of urine

4

126-500 eggs/ml
of urine

>50 eggs/ml of urine

Kloetzel (57)

S. mansont

g

>500/gm of- faeces likely
to cause pathological

lesions

Omer and
Teesdale (75)

Both species ,
(S. haematobium)
(5. mansont)

1-10 eggs/ml of
urine

lebo eggs/ml
of urine

>41 eggs/ml of urine

Pugh and
Gilles (85)

S. haematobiwn

1-32 eggs/10 ml
of urine

33-256/10 ml of
urine (very high)

>257-1024/10 ml of urine

>1025/10 ml of urine

Warren and
others (99)

S. mansoni

1-100 eggs/gm
of faeces

101-400 eggs/gm
of faeces

>400 eggs/gm of faeces
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autopsy studies and are never used in living patients. Tissue egg
burdens are measured and intensity is expressed per gram of tissue,
bladder tissue, urinary tract tissue, rectal tissue and so on. This
1s hardly ethical to determine in apparently healthy individuals.

It has been suggested that schistosomiasis infection should
be separated from schistosomiasis disease on the basis of the inten-
sity of infection since the latter bears some relationship with
morbidity (57). Schistosomiasis disease develops only in a minority
of infected individuals (less than 10%). Even in disease, the multi-
plicity of factors such as malnutrition, oéher parasitic infection and
host reactions, makes it impossible to attribute disease specifically
to schistosome infection. The exception occurs in individuals with
the severe manifestatiops of infection. These individuals form a
minority (less than 3% of those infected). It is therefore difficult
to decide who will defintely‘develop disease. However,';ince therapy
does more good than harm, especially in children, it seems neéessary

to treat or at least offer therapy to heavily infected children.

D. Miracidial counts

As noted in section 1.2, a viable egg on contact with water
hatches into a miracidium which invades the appropriate snail species.
The potential for contamination of the environment and, subsequently,
fér the transmission of infection, depends on the viability of the
eggs excreted (28, 84). If a large proportion of excreted eggs are

dead, the individual poses minimal threat of transmitting infection.
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However, an infected ihdividual excreting large numb;rs of viable
eggs poses a major risk of contaminating the environment. Some
researchers advocate that miracidial counts should form part of the
measures of infection (28, 109). This involves hatching the eggs
and counting miracidia. If infected members of the community are
excreting mainly dead eggs, that community has a low potential for
new infections. Miracidial counts could also be used in the evalua-
tion of anti-schistosomal drugs. If a large proportion of the eggs
excreted by an individual following therapy are dead eggs, it is
possible to count the indi;idual as a therapeutic failure unless the
differentiation between viable and dead eggs is made. Miracidial

counting is one method of differentiating between viable and dead

eggs.

2.1.6 Measures of human infections in Nigerian studies

A. Incidence

There are really no reports of incidence rates. Most studies
conducted are one time cross-sectional studies yielding prevalence
rates (45, 46, 80, 84, 85). Edington (30), in an autopsy study of
673 unselected cadavers, reported an "incidence rate" of 20%. This
represented the proportion of cadavers ip-%hich S. haematobium eggs
wére recovered. This result strictly ﬂepresepts a—prevalence rate

since there was no way of knowing what pﬁgggfg}én of the cadavers was

initially free of infection.
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B. Prevalence

Gilles and others (45) in a 1963 study of 78 school children
in a southern city in Nigeria detected haematobium eggs in urine of
71 of them, a prevalence of 91%. Only 1 child had S. mansoni eggs in
stool, The children were aged 9-15 years (within the peak prevalence
period). This prevalence is likely an overestimation, considering
the fact that many regions of Nigeria now have tap water supply. Pi
Sunyer (80) studied 1451 individuals in Epe (a hyperendemic region
for schistosomiasis). It is unclear from the study what proportion
of this initial sample passed haematobium eggs in urine. However,
the study reported that of the 656 individuéls remaining in the study,
‘365 passed paematobium eggs in urine, a prevalence of 56%. No male
versus female differences were noted. Prevalence rates vary from
13.5% to 18.5% in two villages studied in Northern Nigeria. The
study surveyed 3352 individuals in one village and 1630 in the second
village (87). Response rate to the survéy varied from 76% in the first
village to 93% in the second village. Only a single urine specimen
was collected from each individual. Prevalence rate amongst females
was about 257 of that in males. These rates differ significantly
from those of Gilles and others and Pi Sunyer (45, 80). One possible
explanation for the male to female differences noted in the northern .
study could be the religious customs of people of Northern Nigeria.
Northern Nigeria is predopinantly an Islamic region. This is inhibit-
ing of female children, unlike the southern part of the country which

is more heterogenous in its religious affiliations.
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C. Intensity

Pugh and Gilles (86) classified infections into light,
moderate, high and very high (Table 2). Higher egg outputs were
noted amongst children aged 8-12 years. Children form approximately
45% of the population and they also have higher egg outputs than do
adults. As such, they represent an important target group for
control measures. They also benefit more from therapy (60, 61, 63,

110).

2.1.7 Conclusion

The epidemiology of S. haematobium infections is discussed.
The morbidity and mortality associated with infection are discussed.
A discussion of the diagnosis and control of schistosomiasis follows.

\

2,2 Diagnosis of urinary schistosomiasis

~Diagnosis of infection may be clinical, immunological, radio-
logical, parasitological or pathological. No one of these methods
is completely definitive. The choice of which method to use in the
ideqtification of infected individuals depends on the aims of the
stu&y. For example, exploratory popula;ion surveys tend to use
parasitological methods. Studies attempting to correlaté infection
with pathology oftén use parasitological diagnosis and radiological

methods and autopsy studies are usually pathological.
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2.2.1 Clinical diagnosis of infection

The clinical picture of urinary schistosomiasis is not clearly
defined. Symptoms vary from nil to severe, depending on such factors
as the race, nutritional status, immunity and resistance of the
infected individual, the number, frequency and severity of exposures
to the parasite (38, 100). Whep symptoms occur in urinary schisto-
somiasis,»they aremostly referrable to the urinary tract. Lehman and
Farid (59) noted that 79% (158/200) of the individuals voiding
haematobium eggs in urine had symptoms referrable to the urinary
system. These symptoms included dysuria, frequency of micturition
and haematuria. Forsyth and Bradley (38, 39) also noted that 687%
(668/976) of individuals voiding haematobium eggs in urine had
urinary symptoms.

The only consistent symptoms that have been identified
across studies are haematuria and dysuria. Farooq and others (33)
noted clinical gradients in the symptomatology of infected individuals.
Individuals with greater mean egg excretions and mixed infections
were more likely to be symptomatic.

Since clinical symptoms are not always present, some individuals

will be missed if diagnosis was made on the basis of clinical evidence.

o

2.2.2 Radiological diagnosis of infection

Whilst clinical diagnosis identified some infected individuals

or groups of infected individuals, radiological examinations were
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often used in the past to assess the sequelae of schistosoma infec-
tion. Lesions{were noted in individuals with asymptomatic infectioms.
There was a high frequency of hydronephosis and calcified bladders
(45, 59, 110). Abnormalities were noted in 397% (38/78) of intravenous
urograms of a group of healthy children (45). These abnormalities
included multiple nodular filling defects and/or bladder calcifica-
tions. Presently it is hardly ethical to perform radiological exami-
nations with no indication besides the excretion of schistosome eggs.
These earlier studies have contributed information concerning the
effects of therapy on some of these radiological lesions. The nodular
filling defects could be reversed by treatment (32, 60, 61). They
are usually found in urograms of children but not in those of adults.

The majority of urinary tract lesions apparently have no tell-
tale symptoms or signs so that under non-study circumstances radio-

logical diagnosis is unhelpful.

2.2.3 Parasitological diagnosis of infection

The cerpain diagnosis of S. haematobium infec%ion involves

the recovery of characteristic eggs in urine of infected individuals.
Less commonly eggs may be recovered in stool. Parasitological exa-
mination may be qualitative or quantitative. Quantitative gxamination
is usually used to establish the magnitude of infection in a community.
Depending on the size, whole populations or subsamples may be examined.
Quantitative examination of urine involves egg-~counting and is often
used to assess the severity of infection (see section 2.1.5C) and the

effect of a control measure on infection.
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A. Qualitative examination of infection

A specimen of urine is collected and the centrifuged deposit
is examined for eggs using a light microscope. In regions where the
majority of the population are infected, single urine specimens may
suffice 1f collected during the peak period of egg output (around
12 pm - 2 pm) (83, 93, 101). The probability of finding eggs in
urine increases with the number of urine specimens, per person,

examined (101).

B. Quantitation of infection

Qualitative diagnosis of infection is insufficient in clinical
trials attempting to study dose-response relationships. Quantitation
of haematobium infect&on consists of egg counts on urine specimens.
Egg counting is a highly subjective method, depending on the careful-
ness and experience;of the technician counting the eggs under the
microscopg. Apart from the factor of observer variation, several
factors affect the results of quantifying infection. These will be
discussed briefly.

One factor which has engaged the interest of researchers for
over three decades is the regularity Qf urinary egg output. Stimmel
and Scott (97) were the first to attempt to find out whether there
was any particular time of day during yhich egg excretion is maximal
or minimal. This involved a long series of observations over a
period of 44 days in 2 infected individuals. They noted a high

variation from specimen to specimen (all urine samples were collected
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separately and examined). There was a diurnal variation such that

egg excretion was maximal with the noon sample when urinary volume

was lowest, and minimal with the first morning sample when urinary
volume was highest. This study has been the basis of all the advoca-
tion that specimens collected around noon time serve best. However,
even Stimmel and Scott (97) noted that further studies with larger
samples were needed. Some problems with this study include the small
samﬂle size, the fact that these two individuals were no longer resid-
ing under conditions of infection and the fact that egg output falls
with age. The large variation noted in the study raises the question
of whether a single urine specimen can serve as a reliable estimate

of the intensity of infection since possibly that single specimen
could bg the one with a minimal number of eggs. Scott (93) attempted
to answer some of these questions by using a larger sample (34 cases)
in an endemic area (Egypt). Twenty-eight of them showed evidence of
infection. He noted that over the period of the study, 7 cases at

one time had no eggs detected in their urine sample. Again, there is
the question of using single specimens to quantiéy infection. He

also noted the highly variable egg counts from patient to patient

from time to time. Onori (76) also noted the higﬁ variability of egg
output. Two hundred boys aged Sj}i years were investigated. Timed
urine specimens were collected. It was noted that the highest egg
output occurred around 2 pm and the lowest egg output was noted in the
9 am specimen. Some more recent studies reached the same conclusion
(83,101). )

None of these studies mentioned the problem of observer errors
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which potentially can contribute to the variability of egg counting.
Another apparently important factor is the incubation period. In
early maturing infections, egg output is likely to be absent or
minimal (29, 91, 101). Any measures of egg output will ligsly yield
negative or low results just because no eggs, or too few eggéx\fre
being passed. The actual incubation period of schistosomiasis is ,
yet unknown, especially when under naturalégonditions, ?t is con-
founded by reinfections.. In a self-infection study caréiédxonf>ﬁ§ a
Barlow and Meleney (7), eggs were first noted in urine 106 and 120
days following infection with S. haematobium, but Forsyth and Rashid
(40) noted it to be as long as 9 months in some cases. However, it
is not ciear from the study how they arrived at this figure.

Anodﬁ%r factor is the duration of infection which has been
stated to be as long as 5;10 years, or even longer. Warren and
others (99) sutdied Yemeni immigrants to California and noted that
S. mansoni eggs were still deteéted in stoool up to 5-10 years after
these people had left South Yemen. In situations where superinfections
occur, it is likely impossible to identify the duration of any single

’ .
infection. Also, considering the variability of schistosoma infection,
the duration of S. haematobiwm infection may be quite different. The
study also noted that even without therapy, egg output dec?eased with
tiﬁe away from Yemen, although this could be because egg output
.. .
decreases with age anyway, even in those living in endemic aréas.
Egg counting, though liable to many errors, is an important

variable with regard to morbidity due to and therapy of schistoso-

miasis. As such it must be incorporated into any therapeutic study.
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Egg counting method must not only be practical, it must be reliable.
This design will incorporate some checks to minimize the occurrence
of false negatives and to promote the occurrence of intraobserver
agreement.
A discussion of the egg counting methods is found in Appendix

1. ~-

£

J

2.2.4 Immunodiagnosis of infection

Because of the variability and rather subjective nature of
Wegé detection, immunodiagnostic methods were resorted to in the hope
that they may prove more sensitive and accurate. Positive immuno-
logical reaction may indicate previous exposure to infection, current
infection or merely the presence of antibodies to schistosomal-like
antigens or other helminths (47, 54, 91, 100). There are many
immunodiagnostic tests involving différent antigens and measuring
different antibody responses (54, 77, 91, 100). Some examples
include the intradermal test (IDT), the complement fixation test (CFT),
the indirect haemagglutination test (IHAT) and indirect fluroescent
antibody test (IFAT). There are certainly many others. Whilst the
IDT requires the individual to be present, it provides immediate
results (15-20 minutes). The other tégts use serum from the individual.
The IDT has variagle sensitivity and specificity when compared with
parasitological egg detection. Table 3 shows the result of the

intradermal test in comparison with parasitological egg detection

(80). Cross-reactions are also common. In a developing country
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Tabie 3: Comparison of parasitological egg testing with
the intradermal test in the same individuals.

. S. haematobium in urine
Intradermal
test Present Absent Total
Positive 266 193 459
Negative 20 69 89
Total 286 262 548
%

If egg detection 1s taken as standard:

sensitivity = 266 93%

specificity = é%% = 26%

The problem with accepting parasitological testing as standard is
that the failure to detect eggs in a urine specimen is neither proof
of its absence in the specimen nor the absence of infection in the
individual providing the specimen.
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such as Nigeria, where multiple parasitic and other infections are
the rule, cross-reactions will be common and interpretation of
results will likely prove difficult.

The serological tests such as the CFT, IHAT and IFAT among
others, have been reviewed by Sadun (91). His conclusion was that
the IFAT is the most sensitive. Whilst quantity of égi output bears
some relationship to the intensity of infection, there is as yet no
way of quantifying infection using immunodiagnosis. Although sero~
diagnostic specimens may be easier to collect and post-therapeutic
sologicai examinations may be positive when eggs are not detected,
the non-quantifiable nature of serological reaction and the occurrence

of cross-reactions represent some serious disadvantages to the inter-

pretation of results.

242.5 Pathological diagnosis of infection

-

The pathological finding in schistosomiasis is highly variable.
The pathological finding has been classified into- four phases as shown
in Table 1. The finding depends partly on the species of the schisto-
some and partly on the stage of infection. Studies in living indivi-
duals are usually carried out during the stage of established infection
when the effects are often irreversible.

Pathological lesions include the earlier finding of bladder
congestion, oedema, and tiny ulcerations with development of nodular
masges. Later stages show calcifications (believed to be calcified
eggs), more extensive ulceration, fibrosis and hydronephrosis (1, 39,

59). Biopsies of similar nodular bladder masses show them to be
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granulomatous reactions around schistosome eggs. These masses are

observed in children but not in adults in the same geographic
N

regfon (45)., They are responsible for the nodular filling defects

noted during radiological investigations. These studies were

carried out on asymptomatic patients and it is not ethical to perform

radiological examination or bladder biopsies in order to make a firm

diagnosis in asymptomatic apparently healthy children.

A World Health Organization Committee on Schisgosomiasis
recommended autopsy studies in the hope that some correlation may be
noted between tissue egg burdens and pathological findings. Tissue
egg burdens (aéfined as eggs per‘gram of tissue) have been studied
by several workers. _Smith and others (94) studied 190 unselected
Egyptian cadavers and concluded that urinary schistosomiasis digease ,
could be separated into active and inactive disease on the basis of
tissue egg burdens. Active disease, characterized by high tissue egg
burdens, probably indicated that in life egg excretion was high.
Activity rose with age reaching a jariable peak around 6-20 years,
after which the egg burdens decreased with age. Tissue egg
burdens also correlated with pathological findings. Cadavers with
high tissue egg burdens tended to have evidence of obstructive uro-
pathy. As tissue egg burdens increased, so did the likelihood of
finding hydroureter or hydronephrosis (20, 30, 94, 95, 98). These
studies are all hospital~-based and need to be interpreted cautiously.
The findings may neither be-generalizable to living patients nor to

.

other regions with different endemicity. Since these autopsy studies

are studies on patients dying in hospital, they are unlikely to have

O R VU
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been represemtative of the true situation since some selection bias
operates to bring certain individuals to the hospital (90). There
is also the possibility that a urological lesion, congenital or
otherwise, may predispose to some damage in an infected individual
or that the association between infection and urological lesion is
just an incidental finding. These explanafions are unlikely to be
true in view of the repeated and consistent associations noted across
studies. Despite methodological flaws of study design, there is
consistent association of infection with specific recognizable
c¢linical symptoms and pathologic lesions found by a variety of
researchers in widely differeﬁt areas., This lends some support to the
)
hypothesis that schistosomiasis infection should be considered
seriously as a cause of significant morbidity and perhaps some
mortality and that therapy or some other method of control of trans-

mission should be advocated. Evidence from quantitative egg studies

will be discussed under measures of infection.

2.2.6 Conclusion

There are other diagnostic methods such as cystoscopy and
renal function tests that have not been discussed in this tHhesis.
They are usually reserved for detailed assessment oflindividual
patients. Clinical diagnosis is not clearly useful. Immunqdiagnosis
' 1s neither specific nor s;nsitive. Pathological diagnosis is not
usually indicated in individuals studied. Parasitological detection’

of eggs in urine is a certain diagnosis of infection. However, a
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negative parasitological result does not rule out the presence of
infection. There is no gold standard to which parasitological
findings can be compared. One could consider using two diagnostic
method concurrently. As previously mentioned, contradictory results
create difficulty in the ascertainment of the truth of infection (see
Table 3). .

Considering the fact that parasitological diagnosis has been
the most exhaustively studied‘and has been shown to be related to
morbidity, it will be selected in this design as the method of
diagnosis. Some measures will be used to minimize the variability
of results.

Following the diagnosis of infection, either in a particula;

individual or as a member of a study population, some measure of

controlling the infection is usually introduced.

2.3 Control methods

Cbnsidering éhe natural history of communicable diseases,
the chain of tramsmission of infection can be broken at several
points (see Fig. 1). The choice of which point to select depends
on the particular communicable disease, its magnitude (prevalence)
in the area under study, the availability of funds, and the intention
of the researcher. In schistosomiasis the transmission of infeétion
iﬁvolves the aspects shown in Fig. 1. Control methods may be employed

at points 1, 2, 3, alone, or in combination.
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2.3.1 Mollusciciding or snail control

This breakage of transmission occurs at point 1 (see Fig. 1)
and it involves the use of one or the other of several mulluscicides.
Studies have indicated that snail control is of some effect in
reducing the prevalence of infection (4, 23, 109). But the effect
is not a long lasting one unless it is combined with another control
method such as therapy of infected individuals or provisional safe
water supplies. Snail control is complicated by the phenomenon of
density dependence; the more snails that are killed; the more quickly
the remaining population reproduce. The survivors are more likely
to have impro&ed survival., As such, subsequent attempts at control
are both more difficult and expensive (15, 109). Snail control has
been shown to be 'quick and cheap" when carried out on a small scale
(4). Howevér, this study reported the immediate results and it is
often necessary to wait and see for a period of 2-3 years. Even after
this period, infected snails can still be detected (4, 23).

Snail control does nothing‘for the already infected individual.
If one believes that infection can, and does, lead to disease, then
snail control has to be supplemented by chemotherapy of infected

individuals.,

2.3.2 Environmental control

In attempting to reduce the transmission of schistosomiasis,
environmental contyrol may be used in two ways: either the provision

of facilities that will likely reduce or completely eliminate
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contamination of snail-infested water by modifying human activity or the
alteration of the environment such that snail hosts can no longer
survive since snails require certain environmental conditions for
survival.

The first has been tried in Brazil, South Africa and St.
Lucia (5, 52, 53, 81). The provision of domestic water supplies
and, in some cases, swimming pools, resulted in a reduction in the
prevalence of S. haematobiwm and S. mansoni infections. In the Brazil-
study there was a reduction in prevalence of infectiom over a few
years in both experimental and two out of three control villages. In
the South African study there was no comparison area, although the
prevalence of infection decreased over a 15 year period (81). The
St. Lucia study compared five experimental areas and six control areas.
The former had pipeborne water supplies whilst the latter did not.
Both areas were comparable in population, socio-economic status and
prevalence pattern before the study. After a period of two years, it
was[;oted that prevalence and incidence of infection had decreased
in the experimental area (?2). In the ‘control areas, these measures
had beén unchanged or even increased in the comparison areas.

énvironmental modification, such that unsuitable snail habitats
are created, is expensive althOugh it has proven effective in Japan
and in the Philippines (78, 109). However, the same method in Ghana
was found not to be effective alone; it had to be combined with a
molluscicide (23).

The advantage of improving water supplies is that it has

certain fringe benefits. Faeco—orall§ transmitted infections such as
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ascariasis, taeniasis and sallmonellosis will likely show a downward
trend. These infections have not been studied specifically in rela-
tion to schistosomiasis control. The effect of environmental control
is not likely felt immediately. Prevalence will reduce rather slowly
and, unless it is combined with chemotherapy, it has no effect on

already infected individuals.

2.3.3 Control using antischistosomals

With the advent of effective and relatively safe antischisto-
somals, several attempts have been made to control transmission using
therapy of infected individuals (22, 25, 36). Although therapy does
take care of infected individuals and, in some cases, results in
reversal of lesions observed radiologically, its effect on transmission
is limited (33, 60, 61, 63, 109).

Attempts to use drugs as a control method have shown that
alone it is not effective (25, 36, 109). Some of the treated indivi-
duals were passiné eggs again a year later. Also, chemotherapy has
a better effect in areas where prevalence of infection is high ini-
tially (defined as greater than 207%) (25, 50). In areas with low
prevalence, the effect is not clearly obvious from the point of view
of the community. The treated individual benefits from therapy.

In St. Lucia all three methods have been tried in the control
of S. mansoni infections (22). A comparison of the results indicated
that environmental control and mollusciciding are most expensive.

However, although chemotherapy proved cheapest, it required a lot of
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cooperation from the individuals to be treated. As mentioned earlier,

its delayed effect on transmission is not really known. However, even
before large scale chemotherapy can be advocated, the effective doses need
to be determined for different areas (92). This is partly because of the
variable and rather complex transmission patterns of schisg%somiasis and
the fact that response to the same dosage of drugs has been shown to vary
in different countries (25). For example, oxaminiquine in therapy of S.
mansont in Brazil is effective at a dose of 15 mg/kg body weight whilst

up to 60 mg/kg body weight needs to be used in several parts of Africa
(92). 1In Tanzania 7.5 mg/kg body of metrifonate in 3 doses was effective
in achieving cure of S. haamatobiwm infections whilst the same therapeutic

regimen did not achieve cure in a study by Reddy (88) in Nigeria.

2.4 Issues in chemotherapy

This discussion will primarily involve chemotherapy of urinary
schistosomifasis. The drugs that have been used for therapy of urinary
schistosomiasis include niridazole (ambilhar), metrifonate (bilarcil),
hycanthone, lucanthone, and oxaminiquine and antimonials. Presently,
therapy of schistosomiasis utilizes niridazole and metrifonate. The
assessment of dosages, side effects and effectiveness of a drug should
be based on well conducted randomized clinical trials especially since
the outcome of tﬂe‘infection is not uniformly terrible. Table 4 indicates
some of the studies that have been conducted with regard to therapy of
urinary schistosomiasis and that report their results in some detail.. As

will be noted, metrifonate has been used -most frequently in recent years.
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The basis for its use is the trial of Davis and Bailey (28) in
Tanzania. Several issues are important to any chemotherapeutic agent,
especially one to be offered to apparently healthy individuals. On
the basis of the studies reported, metrifonate seems the best, followed
by niridazole, although concerning the latter, fewer studies are
being conducted since the discovery of metrifanate.

Niridazole has one advantage over metrifonate. It is effec—
tive against both S. haematobiwn and S. mansont infections. However,
several aspects of both drugs need to be mentioned briefly. A World
Health Organisation committee on schistosomiasis recommended that a
satisfactory antischistosomal should be easily administered for a
short period of time, should be free from side effects and should
produce a high rate of parasitological cure. Metrifonate fulfills
these criteria fully whilst niridazole fulfills some of the criteria

" (109).

2.4.1 Therapeutic effects

The aim of curative therapy is the destruction of all adult
worms. This should result in the cessation of egg passage in the
urine. Curative therapy is not always successful and egg passage
will occurs though in reduced numbers. The conclusion that cure has
occurred follows the faillure to detect eggs in urine following
therapy. Negative urine specimens may be 5ue to careless examination,
urine collected during non—-peak periods or the fact that too few

eggs are being passed. A cure rate could then be calculated for a
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particular regimen (expressed as the proportion of cures at a
particular point in time following therapy). The differences in cure
rates obtained by different wbrkers is related to the difference in
the magnitude of the egg output of the individuals in these studies.
It is also possible to identify a percentage reduction in egg
output. It has been noted that at least six months folloying therapy
the percentage reduction in egg load is constant and independent of
initial egg load whilst cure rates vary across groups (soe Fig. 2)

(50). ‘

Figure 2.

Relationship between egg output, cure rate and percen-
tage reduction in egg output.
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Fig. 2 indicates the dependence of cure rates on the initial
egg output. It has been suggested that perhaps the percentage
reduction in egg output should be used in the evaluation of drug
trials instead of the cure rate. The poor cure rate noted in indivi-
duals with high egg counts does not necessarily mean that heavy
Jinfection is more difficult to treat th;n light infection. It may
just be that cases excreting few eggs are more difficult to prove
positive. Cases with large amounts of eggs in urine have a greater
chance of having eggs detected in the urine. Cure rates will there-
fore be lower when egg output is higher. Fig. 2 was based on a single
study which attempted to compare cure rates with percentage reduction
in egg output. Whilst cure rates have been studied in several
therapeutic trials, the percentage reduction in egg output has not
been evaluated. For this reason cure rates rather than the percentage

reduction in egg output will be utilized in this design.

2.4.2 Metrifonate in urinary schistosomiasis

Metrifonate is an organophosphorus cholinesterase inhibitor
which was developed as an insecticide (19,’28, 88). It has been
found to have some therapeutic aétivity against hookworm, ascaris,
trichuris and intestinal schistosomiasis (21). Most studies, however,
pertain to its use in urinary schistosomiasié as seen from Table &.
The trials by Davis and Bailey (28) have established that a dose of
7.5 mg/kg body weight fortnightly for 3 doses is effective in achieving
an 83% cure rate. This study was a randomized trial which, although

did not stratify for pretreatment variables, did examine the post-trial



TIsble 4:

Antischistosomal Drug Trials

Reference:|Study Design How Sample Drug/s Dosage Age of | Any Stratifica-| Ease of Side Other Comments
(Year of and Generated Study tion Variable Administra- | Fffects
Study) Sample Size Group tion
Country of
Study )
9: Bafore-after Hospitalized { Nirid- 12.5 mg/kg {11-~38 All males Not Typical Small sample size,
(1979) study patients ad- | azole body years indicated eogino- highly selected group
Not mitted for welight . philic of study subjects.
indicated M= 17 severe syndrome Non~-randomfzed trial
bivody
diarrhoea
272 1) Randomifzed Pretrial Metri- 5 mgl/kg Not Variables ex- Oral None 7.5 mig/kg seemed
(1969) trial into dcreening fonate body weight|indf- amined at the to achieve more
Compliance -> 3 doses
Tanzania 3 groups for infected | (Tri- cated end of study cureg. No mira-~
tndivid h 7.5 mg/kg ensured by failed to idia 1 P
N = 212 ndividuale chlaro- body weight -3 sex researcher cure some < 8 tn urine
\\\q///:V (1110 phone) high fn- on 3} successive
69 71 )2 10 mg/kg - welghts B days at 2, 4, 6
screened) fortnightl tensity months after
Randomiza- ortnig y ; - miracidiatl infections .
> \ therapy.
tion process maximum of counts .
clear 3 doses This 1s the basals
of most other
No Mznwmunmm studies advocat-
controls . fag 7.5 mgl/kg body
welght as standard
2) Randomiza~- Pretrial Metri- 10 mg/kg Not ->» Bex Oral Abdaminal Efther at fort-
tion into 2 |screening fonate body welight {{ndi- -3 weight pain, nauva-f nfghtly or month-
groups cated 8 ea, diarrh-| ly fntervals.
15 mg/ke tracidfal omit-
N o= 69 body weight -3 miracidia oea, v
counts ing.
35 4 .

No untreated
controls

(No medica-
tion was
required
for these
glide ef~
fects)

—~
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Year of and Generated Study tion Variable Administra- | Effects ‘
Study) Sample Size Group v tion
ountry off s
tudy - .
0: Quasiexperi- Grab samples { Metri- Not All males Not clear Not astated Mix~-up of treat-
1967) mental gtud- from various | fonate indi- from ment doses.
anzibarx N = 76 «jcolleges and cated article Decrease in plasma
community .
cholinesterase
n- 6 levels followin
(communfty)-—-———cemcmeeeeeo oo ————— e > 15 mg/kg, * . ' &
body weight n_mnmmw.
n - 12 .
(college 1)--—-- e b ? 16 mg/kg
" body weight . .
n = 24 ) .
(college 2)---mmmcmm o] » 10 mg/kg ‘
i _ _ _ body welight .
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. body weight
n = 20 N ’
(college 3)~-mm— oo e > 7.5 wg/kg
| _ _ body welight
R D ettt T DR g P --> 5 mg/kg :
. body weight ’ .
n = 14 (not
stated)
n~- 6 N — .- me==—o---—--=3 7.5 mg/kg

_
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Reference:| Study Design How Sample Drug/e Dosage Age of | Any Stratifica- |Ease of Side Other Comments
(Year of and Generated Study tion Variable Administra-| Fffects
Study) Sample Size Group tfon
Country of
Study
48, 49¢ Randomized Pretrial Metri-~ A->» T + 7.5 [3->15 According to Oral None were Trial of prophyl-
(1977) placebo con- screening to | fonate mg/kg body lyears age, sex, home Compliance noticed. actic aetivity. -
Rhodesia trolled trial separate in- welght; 4 location, weight p d P1 ho ¥l A d to blind
using Table of |fected from weekly for ensure 1 asma cho MnmaMnm ° on
Random numbers juninfected 6 months :Mwnmnmum the M»u”qmomwzwd
to obtain 5 children . values were|to which- Indivi-
roups B->» No ther- . . depressed dual belonged to
group apy or pro- but no what group.
N = 218 into S phylaxes . cumulative
groups {(unequal) C-» T only effect was
noted.
A B C D E «©
_ ] ; woM| d No changes in packed cell
66 62 56 17 17 E ”»anm volume, problemg--~—---- » Some were lost to
« € ren follow-up.
control D on prophyM
axes
E not on proq :
phylaxes
55: Stated as ran- ot stated Oxamini~ | 15 mg/kg 7-14 Egg counts Oral None No effect on egg
(1978) dom allocation quine twice daily l|years : found counts.
Nigeria N = 57 for 2 days ,
> 10 mg/kg
1 19 9 twice daily 2 ' R
3 groups for 3 Mm<m \
But process of 10 mg/kg .

randomization
was unclear.

three times
daily for 6
doses
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Reference:|{ Study Design Hov Sample Drug/s Dosage Age of | Any Stratifica- | Ease of Side Other Comments
(Year of and Generated Study tion Variable Administra- | Effects
Study) Sample Size Group tion
Country of N
Study
Non-randomized trial
60: Quasiexperi- Hospitalized { Nirtd- 25 mg/kg 5-52 All males Oral Rone was Inconsistent ther-
(1974) mental patients azole to |daily for years reported apy was offered.
Egypt N = 200 51 pa- 5-7 daysa There was no basis
tients 3 for treating any
mng/kg ich
Hycan- body weight patient with a
thone to |[in 1 dose particular drug.
Difficult to replfcat
wuvwl 2 mgl/kg « « {study since selection
.4 tients body welght of treatment was
Sodium in 5-6 arbitrary.
Antimony {doses
dimercap-
noacnn»bnj
to 23
patients
Sodfum
Antimony
tartrate
72: Quasiexperi- Not Metri- mg/kg for|7-14 Intenaity of Oral None stated Follow~-up less
(1974) mental indicated fonate, doses yeara infection than B80X.
Rhddesia |y _ 100 pea 13-17
N = 100 pts years )
N = 200 pts .
75: Before-after Not Metri- 2.5 mg/kyg |6-14 None Oral Abdominal Achieved a "high
(1978) study stated fonate body welght |years pain and cure” rate.
Sudan N~ 174 [ for 12 days {and . nausea No eggs detected
ﬂwwuc in a single urine
examination.
. years
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Reference:|Study Design How Sample Drug/s Dosage Age of | Any Stratifica- | Ease of Side Other Comments
(Year of and Generated Study tion Variable Administra- | Effects
Study) Sample Size . Group tion
Country of _ .
Study - . .
88: Descriptive Pretrial Metri-~ 7.5 mg/kg 8-13 Only children Oral "Mild ab-= Lower cure rate
(1974) study investiga- fonate body weight years with egg counts dominal than that noted
Nigeria N = 46 tion in 3 doses greater than pain" by Davis and

at end point 250/ml urine Abdominal Batley (only 44%)

H = 38

wvere pelected

discomfort

but expressed as
Z reduction was
about 922,

Egg count re-
malined low up to
18 weeks after
therapy.




46

data to determine whether important variables in the treatment groups
were significantly different. There are, however, widely varying
differences amongst cure rates in different study areas. Reddy
and others (88), in Nigeria, noted a cure rate of only 44% using the
same dosage schedule. Their study was a before-after study of 46
children who had very high urinary egg output. Jewsbury and Cooke
(48), in a randomized trial, noted a cure rate of 59.3%. Also, they
noted that the effect of therapy could be expected to last as long as
three months, after which reinfection occurs. The dosage in this
trial was 7.§ mg/kg body weight as suggested by Davis and Bailey
(28). However, these diffgrences in results were explained on the
premise that urinary egg outputs were different in all these areas.
As to the argument that since morbidity and/or mortality occurs
only in a small percentage of infected individuals, only disease
should be treated, there is the counter argument that since metri-
fonate does more good than harm, then infected individuals should be
treated regardless of the absence of obvious disease (57, 59, 63, 99).
Considering the fact that therapy has been shown to result in rever-
sibility of lesions and that urological lesions do occur in apparently
healthy individuals, effective therapy should be offered (35, 36, 60,
61, 63, 74). 1f therapy is to be offereq to apparently healthy
individuals, then the therapy must be safe and free from side effects
which may fe worse than the infection. Metrifonate has been shown
again and again to have no serious side effects (see Table 4).
However, what has been noted is that a depression of plasma cholines-

terase constantly occurs in all treated individuals (28, 40, 49).
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Measurement of plasma cholinesterase in treated individuals
indicates that this depression is temporary, does not affect response
to therapy and normal prgtreatment levels occur before the next dose
in two weeks (28, 49). The significance of depressed cholinesterase
in the individual is not really clear. It has been suggested that
suxamethonium (a muscle relaxant used as a preliminary to general
anesthesia) should be avoided when an individual is on metrifonate
(49). 1In higher doses, nausea, vomiting, bronchospasm, abdominal dis-
comfort, and diarrhoea may occur and it has been suggested that
perhaps metrifonate should not be administered in individuals with a
history of bronchospasm (28, 69).

Claims of the cheapness of metrifonate always follow the
discussion of results of studies. What is apparent in all of these
published studies is that metrifonate was obtained free from Bayer
Drug Company for the trials. There are no formal cost studies to
support or refute this claim.

Metrifonate certainly fulfills the requirements of a satis-
factory antischistosomal. It’can be administered orally for a period
of six weeks, has relatively few side effects and causes a reduction
in egg output. Dosages of metrifonate have been established more
scientifically than dosages of niridazole. It will therefore be

accepted as standard practice against which niridazole will be studied.
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2.4.3 Niridazole in urinary scﬁistosomiasis

It has been stated that ''niridazole orally administered is
the drug of choice, particularly for children and adolescents who
tolerate it well" (109)..

Suggested dosage has been variable, depending on the studies;
25 mg/kg body weight daily (3 doses) for 7 days or a variation of
20 mg/kg body weight (3 doses) x 10 + phenobarbitone (74). Bassily
and Farid (9) noted that a dose of 12.5 mg/kg body weight for 12 days
resulted in less side effects. This was a before and after study of
17 patients. The dose selection was arbitrary and the outcome of
treatment was not stated.

A ranking of properties of niridazole and metrifonate by an
expert committee on schistosomiasis is shown in Table 5. This com-
parison shows that metrifonate ranks a little higher as far as S,

haematobiun infections are concerned.

2.4.4 Conclusions

Metrifonate at 7.5 mg/kg body weight fortnightly for enough
doses to achieve cure will be studied along with niridazole at varying
doses. Efficacy of therapy will be related to parasitological
examination.

Although therapy of schistosomiasis using metrifonate is
recommended, it is often the variabili;y of response that may be
discovered. The results of administering therapy to hospitalized

patients should really not be applied to non-hospitalized presumably
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Table 5,

A Ranking of Properties of Niridazole and Metrifonate.

Type of
Property Schistosomiasis Metrifonate Niridazole

Therapeutic efficacy: S. japonicum unknown ++
Cure (a) S. mansoni poor + - ++

S. haematobiwm - H -
Estimated population 4+ - -
coverage (b) k
Estimated population =+ ++ -
tolerance (c)
Mode of administration | ++ ++
Cost (d) +H - +-
Overall ranking (sum S. japonicum not 12
of ranks for indivi- applicable
dual properties)

S. mansont not 12

applicable ,
S. haematobium 14 13

*Throughout +, ++, ++ signify ranks 1, 2 and 3 respectively.

(@) +=0 - 40%; ++ = 40 - 75%; ++ = >75%. .
(b) Varied markedly with age: + = 0 - 33%; ++ = 34 - 66%; ++ = 66%.
(c) Varies markedly with age: + = poor; ++ = moderate; +++ = good.

(d) + = moderate cost; +++ = low cost.

(Taken from Ref. 109)
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healthy school children. This thesis proposes to identify dosages
using a randomized clinical trial. In conducting clinical trials,
several issues in methodology should be considered. These will be

discussed in the subsequent chapter.

e et o e e i e it o b = 3



CHAPTER III

RESEARCH PROPOSAL

3. Randomized Clinical Trials

Prior to the discussion of the design of the proposed study,
several issues relating to randomized clinical trials will be
identified. A randomized clinical trial has been defined as "an
experiment as applied to clinical medicine. In it a drug, a surgical
operation or other therapy is applied to patients and the outcome is
compared with that observed in a suitable control group. It is essen-
tial ghat alternate therapies be evaluated in a well-controlled

fashion using whenever possible, the techniques of random allocation

and blind assignment and assessment' (42).

3.1 Methodology of clinical trials

Several issues affect the validity and interpretation of

trial results. These include:

3.1.1 Study Population

-

Any population to be studied should be characterized properly
with regard to clinical and demographic features. If a sample is to
be selected, the method of generating this sample should be identified.

51
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This enables readers to determine the relevance of the study to

their own patients (89).

3.1.2 Prognostic stratification

Any factor known or suspected as having an influence on
target trial outcomes should be used as a stratification variable
prior to randomization. Such a factor could be demographic or could
be a characteristic of the disease or condition being studied (89).
This stratification also allows treatments to be evaluated within

subgroups (89).

3.1.3 Random allocation of study subjects —~

The assignment of subjects to the different treatments must
be random, not haphazard: A table of random numbers or a random
number generator are some methods that could be used. This gives
each member of the study population an equal chance of being assigned
to a given treatment group. The possibility of a selection bias on

the part of the researcher is also removed (43, 89).

3.1.4 Precise definition of the maneouvre

“

The administration of therapy should be described in detail.
This description should permit replication of the therapy. Details
should include doses administered and method of administration with

the inclusion of any need for adjustment, monitoring of side effects

S——

™~
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and treatments or other medications avoided (89, 90).

3.1.5 Contamination

-

The inadvertent administration of a therapeutic maneouvre
designed for one group to another group should be carefully avoided

(89).

3.1.6 Co=-intervention

In order to assess the effects of treatments, all groups
must be given the same care and attention. Additional screening,
diagnostic or other maneouvres must be avoided unless they are

carried out equally in all groups (44, 89).

3.1.7 Comorbidity

Any factor, such as coexistent disease or condition, known
to affect trial outcomes must be considered in the prognostic

stratification prior to randomization (89).

3.1.8 Compliance

Trial results should identify the extent to which study
population follow therapeutic instructions. Trial outcomes should

be reported for both compliant and non-compliant subjects (43, 89).
»

v

[
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3.1.9 Diagnostic criteria

v

The critéria for the determination of trial outcomes must

be so clear and detailed that they can be evaluated by others (89).

3.2 Some biases in clinical trials

~

Besides problems of methodology, several biases may be
operative in the execution of clinical trials. Some of these which
need to be avoided in this design are discussed. A bias is defined
as "a process at any stage of inference tending to produce results
that depart systematically from the true valued' (70).

3

3.2.1 Measurement biases

(a) Diagnostic suspicion bias.

The intensity and outcome of the diagnostic process may be

influenced by a knowledge of the subjects' prior exposure (90).

(b) Instrument bias.
Defects in the calibration or maintenance of measurxing

instruments may lead to systematic deviations from true values (90).

(¢) Expectation bias.
Observers may alter their measurements so that results

coincide with prior expectations (90).
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3.2.2 Treatment biases

(a) The personal preferences of observers for particular treatment

or allocations might bias results such that outc?me measures are
favourable towards or against preferred treatment (90). For example,
if all the sick peogle demand the new treatment.

(b) The number of individuals administering therapy might influence
trial results if there are large variations between them in adhering

to protocol (90).

The foregoing discussion will help to clarify certain

aspects of this research proposal. -

3.3 1Introduction to research proposal

This proposal is a randomized clinical trialndesigned to
determine optimal doses of niridazole in the treatment of urinary
schistosomiasis in school children. Niridazole is testéd against
a standard dose of metrifonate.

Metrifonate is believed to act both on the mature and
immature stages of the schistosoma parasites by cholinesterase inhibi-
tion (69). Omne result is a reduction in egg output in the majority
of treated individuals. In others no eggs can be detected in urine
(28). Following treatment and a reduction in egg output, radiological
appearances are known to change towards’normalcy (63). Metrifonate
is effective only in 5. haematobium infectioms. .

Niridazole acts on adult worms of all three schistosome
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species. Egg production is inhibited and this shows up in the.-
inability to detect eggs in urine of treatéd individuals (69).
When eggs are detected, they are markedly reduced in numbers' (28,

50, 69).

3.4 Justification of the trial

~5 The spectrum of infection is highly variable in schistosomiasis.

Some individuals have evideﬁce of heavy infections and remain asympto-
matic. Others have symptoms and complications (31, 62). The treat-
ment is to be offered to appareqt}y healthy school children with
evidence of urinary schistosémiasis in an area ih which there is‘
opportunity for re%nﬁections. The treatments to be offered, though
shown to be effective, have potentially serious side effects. In
some treated individuals side effects may necessitate discontinuation
of the drugs (27, 28, 69).

Nigeria is a developing country with many pressing problems,
some of which are related to communicable infections and diseases
such as schistosomiasis. Other economic probéggs include poverty,
inadequate water supply, poor housing, poor péads, under-nutrition,
malnutrition and more. ' y

In view of these other needs, ma§§,s£reening and/or therapy for
yripary schistosomiasis are unlikely in the near future.

Any treatment for urinary schistosomiasis is also likely to
be repetitive sinc? there is opportunity for reinfections. If one is

"L to offer potent and potentifily harmful drugs to apparently healthy

»



children (especially repetitively), one must be certain that the
safest doses are identified. The same factor is applicable in sick,
symptomatic individuals and should be even more important in healthy
individuals. The randomized clinical trial, if properly executed,
will contribute pertinent information regarding dosages and outcomes
which before and after studies and case reports will not contribute

conclusively.

3.5 Justification for selection of metrifonate and niridazole

In thg treatment of urinary schistosomiasis several drugs N
may be used. These include antimony sodium tartrate, stibocaptate,
iEEZnthone‘hydrochlﬁride, tartar emetic and the two trial drugs,
niridazole and metrifon;te. Antimony sodium tartrate is one of a
number of antimony compounds that could be used: It is difficult .
to administer (requiring hospitalization of the subject for an intra-
venous infusion). Contihuéus cardiovascular monitoring of the treated
individual is ;ssential (69). Stibocaptate is preferable to antimony ’
sodium tartrate. It is administered intramuscularly and most treated
subjects do not éomplete the course of treatment. It must be used

soon after being dissolved in water for injection since it is unstable
when dissolved. Tartar emetic requires hospitalization of subjects

for treatmentf It is administered intravenously. Niridazole and
metrifonate can be orallynadministéred. The side effects which have
been noted are transient. There is no need to hospitalize the subjects.

There is no problem with storage since both drugs are supplied in

tablets which aré easily stored and are relatively stable.
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3.6 Trial objective

This trial will attempt to clarify several issues regarding
therapy of schistosomiasis. This attempt will likely enable one to
make generalizations concerning a safe and effective therapeutic

regimen.

3.6.1 Research questions

Primary research questions.

(1) What are‘the parasitological responses to certain dosages of
metrifonate and niridazole among a group of Nigerian primary
school children aged 5-15 years?

(2) What dose or doses achieve maximal egg suppreséion with minimal
side effects?

Secondary questions. :

(1) What is‘the prevalence of uridgry schistosomiasis in the study
population?

(2) At the end of the study period,'what is the incidence of infec-

tion and reinfection?

3.7 Choice of study design

|
Since outcome of infection is not a uniformly catastrophic
one, there is no need for more case reports, before and after

: N
studies and trials with questionable design. A randomized trial is
Lo
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necessary in order to determine effective doses in this group of

children, especially because doses have been so variable across

studies. -

3.8 Study Procedure

3.8.1 Selection of study subjects

A. Sample source. The potential subjects for the study sample

will be school children aged 5-15 years who have fulfilled the
eligibility criteria. There are four primary schools in Usi-Ekiti .
(the regilon of proposed trial) with an overall student population of
2,000 pupils. The age range has been given to be between 6-15 years
in the primary school. There are more males (55%) than females.

+

B. Sample selection.

(1) Pretrial activities. During a one-month period prior to

the pretrial survey, the coordinator will obtain permission to carry
out the trial from the king of the town. The usual process is to
meet with the community leaders and let them know about the proposed
trial. Consent on their part is usually representative of Eonsent
from the king. Several issues need to be identified during the
peeting with the community leaders. All these points will also be
written in Yoruba and distrf{lted to the community leaders. These
issues include the following:

(1) t study will involve collection and examination of

urine specimens from school children for the diagnosis of an infection
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caused by a worm and for the follow-up of the tfeatmenﬁ to be
offered.

(11) Infected children will be offered one of four treatments.

(iii) These treatments have been shown to be effective when
given to children with the jinfection. Some further information is
necessary in order to determine the best treatment or dose of treat-
ment. This study is being carried out in order to obtain this infor-
mation.

(iv) The treatment is in the form of tablets to be swallowed
and it will only be given to the children after informed parental or
guardian consent.

(v) Non-participation in this study will neither jeopardize
a child's education nor prevent his* or his* family's utilization of
the available health services.

It is unusual for permission not to be granted for health-
related studies in communities such as Usi-Ekiti since any interest
in the health of members of the community is deemed to be beneficial.
Whilst awalting the king's response the coordinator will meet with
the heagé of schools and their assistants. The information communi-
cated to the community leaders will also be commuﬁicated to them

regarding the proposed stﬁdy. Furthermore, they will be informed

*refers to male or female child.
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that an attempt will be made to minimize the disruption of the school
sehedule.

It is hoped that this information period will be completed
within one month. No formal consent form will be necessary for the
initial urine collection which will be used to identify infected

, children. The estimated school population is 2,000 children in

four schools, 1Initial urine collection will be carried out during

an eight week period comprising a five-day week. Each school will

be surveyed by two laboratory assistants during a two-week period.
Urine collection will be carried out between 11 am and 2 pm since

this period is regarded as the peak period of egg output (83, 93, 101).
It has been estimated that it takes approximately 2 minutes to process
each child by 2 individuals once the children are gathered together

in one place. It is believed that the actual hours set aside for
urine collection are sufficient. A third laboratory assistant will

be involved with handling the specimens in preparation for transpor-
tation to the central laboratory. ‘All daily samples will be driven
over to the laboratory for examination. In the hours not allocated

to urine collection, the laboratory assistants will érepare containers
to be used for urine collection. With the help of class registers,
prepastéd labels will be prepared bearing name, class and an identi-
fication number which is unique to each individual. Children will be
gathered by classes in order to facilitate urine collection. Body
weights will be taken on a balance beam scale with children in

usual school unifdérm and barefoot just before each child is asked to

provide urine sample. Girls will be gathered first and urine samples
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collected from them as they emerge from the washroom. One assistant
ensures that each child receives a 250 ml reusable calibrated container.
A second laboratory assistant records the volume, colour and identi-
fication number of urine samples. The colour will be recorded as
yellow, pink or red. The identification number is important since

this will be used to identify potential study subjects. An attempt
will be made to obtain urine samples from all school children. Non-
compliant children will be documented and where possible, the reasons
given for not providing samples.

Results of the pretrial survey'are expected within one week
of its completion. Advance notification Wwill be sent to parents/guar-
dians of potential study subjects. Appendix II represents the Engi&sh
version of the note which will be written in English and Yoruba.

Yoruba serves as the language of communication in the community. It

is spoken by all adults and children, written and read by some child{en
and most adults. Although English is the official séhool language, it
is unlikely that children in the lower classes are able to read,

write or speak English. The proportion of adults who can communicate
in English is small in comparison éo those who can read and write
Yoruba. The actual or relative sizes of these proportions h;ve not
been documented in this community.

There are advantages and disadvantages of advance notificatiom
in a survey or study. Some reports show that.the element of surprise
is removed and that it serves as evidence that the interview is a
legitimate one. It is believed that cooperation is enhanced (33, 96{5

~

It has also been noted that there may be a negative effect (18).
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The potential respondent may decide not to participate as a result of
the information received in the advance note. The advance note will
be utilized in this study (see Appendix II).

A questionnaire Q;il be administered to the parent or guardian
of all potential study subjects. However, only children classified
as having moderate or severe infections will be selected for drug
therapy. The questionnaire will be designed to identify the presence
of certain symptoms reported to be associated with schistosomiasis
and also symptoms that may contradict the use of the antischistosomals.
The questionnaire is shown in Appendix III. During the period of the
interview, the consent form will be explained to the parent or
guardian of an otherwise eligible child. The consent to administer
therapy will be obtained at this time. It is expected that in the
early period of the ifiterview, certain responses would have identified
ineligible children. Only those eligible will be given the informed
consent information to read. Those unable to read either Yoruba or
English will have the study explained to them. The consent f&rm will
be presented for signature or thumbprint if parent or guardian gives
permission for child to participate in the study (see Appendix IV).
All questionnaires will carry the identification number of each child.

.

(2) Eligibility criteria.

(i) When a positive urine sample is identified and egg counts
are done at a later date on three urineasamples, counts classified
.into moderate or severe categories of infection will be selected.

Individuals with these counts are eligible for the.trial. The classi-
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fication selected is shown below.

Intensity of Infectiom

1]

LIGHT MODERATE SEVERE

Eggs per ml

of urine 1-10 11-100 >I01

(ii) The child must be aged between 6-15 years. This 1s the
’period when children are likely to be attending primary school. It

is also the period of greatest bemefit from treatment (32, 60, 61, 63).
Since birth certification is not mandatory, it will likely prove
difficult to correctly ascertain age of a child. Only children
whose parents did not provide a birth certific;te or remember some
important event around their time of birth require some estimate of
their age. These children will be assigned an age which is expected
for his class at school. Since school begins when a child is 6 years
0ld, a class three child shbuld be 8 years old and will be taken as
such.

(iii) The child should appear healthy. \}nspection will
usually reveal children.with severe malnutrition (mostly the younger
age groups). Diag;osis of severe malnutrition is usually one of
pattern recognition of an underdeveloped child with enlarged abdomen,
apathetic appearance, silky hair and pedal oedema. Examination of
the mucous membpanes (eyelids and oral mucosa) may reveal palior as

some evidence of anaemia. The inherent insensitivity of this method

is recognized but in the absence of actual haemoglobin determination,



-

65

it is the simplest method.

Some of the children eligible to be in the trial may become
sick prior to the administration of the appropriate medicacion.
Symptoms such as fever, vomiting and diarrhoea are quite common. The
usual treatment involves antimalarials, aspirin and antidiarrhoeals.
This will be offered appropriately. Antischistosomal therapy will
be given when the symptoms subside. However, persistence of one or
more symptoms beyond a one month period'will require further investi-
gation. This will be offered and the children so identified will be
dropped from the trial but will be offered the standard treatment.

The female children will be asked concerning menstrual history.
Any female who has missed a menstrual cycle will be excluded till the
next month. If the cycle returns; she will be included in the study.
If the missed cycle continues, she will be completely excluded from
the study. This is because of a possibility of an early pregnancy.
Drugs which have not been known to be safe during pregnancy are best
avoided.

There should be no evidence of anaemia .(pallor of mucous
membranes). One cause of anaemia is hookworm infection. This is more
important in older children (30). Metrifonate is known to have some
effect in hookworm infection (32). In'a child with conicident hook-
worm infection and schistosomiasis, it is possible that a lack of
reduction in egg output in sEhistosomiasis is due to the fact that
the drug's action is divided between the hookworms and the schistosomes.
There are certainly other causes of anaemia such as iron deficiency,

folate deficiency and frequent malarial infections.



Children who are excluded on the basis of pallor will be
offered standard therap but will be ineligible for the trial.
There should be no previous history of jaundice (yellowness

of the e ilepsy-or febrile convulsions. Niridazole has been

.. ”~
Served to have ’§§Hs side effébgf in individuals with impaired
N /
liver functj (69). Neutolégical side effects following niridazole

treatment occur in children and it migh$ be difficult to decide

whether neurological side effects are due to therapy or to an unrelated

febrile convulsion or epileptic fit.

The examination of potential study subjects will be carried
out by the study coordinator during a one-month period prior to the
to those subjects who have been classified as eligible following the

examination. The examination Wwill take place at school in the head-

¢ " actual trial. The community interviewer will administer questiomnaires
\

-

master's office.

(iv) .The children must reside within the geographic area of
the study. This is estimated to be no more than 7-8 miles radius of
the town hall. The inclusion of a geographical limitation is based
on the premise that any infection detected is more likely to hav;
been contracted in the study community. Also, should the need arise,
it will be easier to contact study subjects.

(v) Informed parental or guardian consent is essentia;.

This will be obtained at the time of administration of questionnaire

(see Section 3.8.1B and Appendix IV).
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3.8.2 Stratification

The intensity of infection as measured by the urinary egg out-
put is a factor believed to affect response to therapy (48, 88, 106).
The intensity of infection will be used as a stratification variable.
According to the classification previously stated, there are three
possible strata, light, moderate or severe. Children with moderate
and severe infections will be included in tHe study. This will

identify two strata.

3.8.3 Randomization

The randomization process should ensure that tembers of each
stratum are represented in the treatment groups. The treatments are-
A (7.5 mg per kg body weight of metrifonate for three fortnightly

doses), Bl, B2 and B, which are respectively 12.5 mg/kg body weight,

3
17.5 mg/kg body weight and 22.5 mg/kg body weight of niridazole for
five.days. The randomization process should also ensure that treat-
ment groups are of equal size and that no particular stratum is over
or under represented (see Figure 3). .
A table of random numbers will be used to allocate treatments.
Prior to the actual administration of the drugs, the, allocations will
be prepared in envelopes. The treatments will be balanced after
every fourth allocation. Treatments are to be administered under the
supervision of a nurse. The amount of\drugs depends on body weight.
It is not possible to prepare the drué/ahead of time of first admini-

stration. Each envelope will be drawn with a treatment group written

on it. The next eligible subject will be in that treatment group.



Figure 3: A flow diagram indicating the selection of study

population, stratification and randomizationm.
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It is not possible to blind staff as to what treatment group a child

belongs to once this group is initially established.

3.9 Treatment

This trial will compare three dose levels of niridazole
against 7.5 mg/kg weight of metrifonate. The latter has been .
studied more exhaustively and in randomized grials (28, 48) than
niridazole. Niridazole has one advantage over metrifonate, in that
it has some effect against 5. mansoni infection. Although the aim of
this study is primarily the treaément of S. haematobiwn infections, it

S
is unlikely that niridazole will not benefit those with multiple

infections.

3.9.1 Metrifonate

A dose of 7.5 mg per kg body weight of the drug will be
administered orally by study nurse. At this time the next two
doses of the drug will be kept in'an envelope.with the ch;ld's
identification number. At subsequent doses other research staff can
administer this therapy without meddliﬁg with weights and dosages.
The drug is packaged as tablets of Bilarcil (R) by Bayer A.G. in West
" Germany. A single daily dose will be administered for three doses.
Each administration is separated from the other by an interval of
two weeks. At time of second administrationm, a‘record of symptoms of

side effects of the drug will be kept. These will be discussed with

the coordinator and a dgcision will be reached regarding the discontinua-



4‘53 70

2

tion or otherwise of treatment.

r3

3.9.2 Niridazole

¢

Three doses of niridazole will be tested against metrifonate.

Niridazole is administered®orally in tablet form. Each Aose will

be c;iculated to the pearest 25 mg. It is packaged as Ambilhar-‘ (R)
by CISA Laboratories in Switzerland. It is believed that niridazole
is best administeréd in divid;d doses, either in two dividgd doses
(27; 106) or in three divided doges (40, 61). The advantage of ome
over the other is not clearly apparent and two divided doses will be

administered in this trial.

i

B, ‘ ’ ?
1 :

A dose of 12.5 mg per kg body weight of niridazole will be

administered between 8-9 am and 'the second.dose between 3-4 pm. The

coordinator will supervise the; administration of drugs.

)

——— x

A dase of 17.5 mg peE kg body weighi of niridazole will be

administered -id two diﬁidea‘doses for five days.
By

—

A dose of 22.5 mg per kg body.weight of niridazole will be

administered inaﬁ%gided doses for five days.-VAgain; at the-initial
. Wy . ' e IS "
}

L3

. . t.

45 Rrug administratiow,Jthe~dose.reQuiremgit of eacﬁggnaividual will be




71

recorded on envelopes with the specific identifying number. A
child's name is checked against his number and then his envelope is
taken and his drug administered. .

In order to minimize the possibility of contamination so
that children randoﬁized to receive niridazole do not get metrifonate
and vice versa (see Section 3.1), each study subject will be required
to carry a card with his -identification number: The card will be
left in the sch&;l pre?ises in the subject's desk. It is to be
presented when therapy is to be admimistered and when urine samples
are provided. Misplaced-or Tost cards will be replaced by new ones
after proper identification of the child and a crosséheck with the
number ;nd name in a master register. |

All children will receive some reward for their participation

in the study. The reward will include items sﬁqh as erasers, pencils,

pens, small notepads and other small school supplies.

" 3.10 Outcome measures
. .

~ The most important measure is a cure. It will be divided
for analysis purposes into short-te¥m cure and a long-term'cure. A
short~term cure is defined as the absence of viable)eggs in-three
consecutive .urine specimens taken during the period between 11 am
and 2 pm tﬁelve weeks- after therapy. A_long-term cure'utilizes the

)

absence of viable eggs in three cdnsgéutivé specimens taken during the
period 11 am to 2 pm 24 weeks after therapy. '
. Failure will be regarded as any detection of viable egg twelve

week§ after therapy. Failure'may be due to a maturing infection or
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even a reinfection. In this study a reinfectipn will be defined as
positive urine during a follow-up period after previous urine samples
at the second twelve-weekly examination had been negative.

A relapse will be defined as any positive urine within six
months after a breviqusly negative urine. The urine studies will be
c;rried out between 11 am and 2 pm at the schools. All urine collec-
tions will be made following the administration of a 300 ml drink of
Coca-cola (R) approximately 30 minutes before collection time.

Whilst the three laboratory assistants gather, identify, Follect

and label urine, the two interviewers will ask the children regarding
symptoms they have noticed in the recent weeks whilst on theraﬁy.

An extra research staff will see go the opening of the bottlesl?f
Coca-Cola and diéposal of the bottles tidily so that children can

return to their classrooms -as soon as possible.

3.11 Comgliancé

»

Compliance problems will likei; arise in three ways: the
provision of urine samples, the adﬁinistration of apprOprigte thera-
peutic regimen and the continueéfinVOIQeigpt in the study. fhe urine
samples to be collected aé the initial suﬁvey will not be preceded -
by a drink of goca-Céla, however shbSeéyent speciﬁens.on which égg
counts will be c#rried out will be preceded by a drink 9f Coke.

This wili serve as an‘indirect incentive. Also, it is proposed that
at the time of provision of a sample a reward is to ge given to the
. child in tﬁe form of a pencil,.an e;aser,ng small hoﬁépad or other

. LY
similar itgms.
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Therapy is tg.be administered under supervision of trial
staff. It is quite unlikely to have problems with administering drug
as long as the child is present. .The issue of continual involvement
in the_study isfimportant. There will be dropouts from the study,
f%om the school due to a number of reasonms. They.may have side
effects from t:;atment, they may change schools or they may move out
of the community.

If a child is absent from school for two consecutive days
and he is required to have therapy or provide specimens during this

period, the interviewer initially assigned to administer the question-

naire to the child's parents will visit the home. During this visit

urine can be callected ‘and the reason .for absenteeism will be recorded

by the interviewer. If the child returns to school within the next
three schoel days, the treatment will be administered.
There will be -those subjects who complete the treatment as

prescribed for the trial.. There will also be those subjects who
-« ¥ .

.

complete the trial, but not as prescribed for the trial. A comparison
of those who cqmplete the trial in accordance with the trial prescrip-
tion will be carried out. Also, a comparison of those who complete -
the creatmeﬁt,khough not as prescribed, will also be carrieé out,
There will be éhose who will be ;egarded a; drdﬁouts. This is defined
as follows: .

(1) Suﬁjects onrietrifqnate who do not complete the t}eapment
within égh weeks of.firs; dose.

(11) Subjects on niridazole who do not complete prescribed

treatment within ten school days.
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A record of all droupouts will be kept and where available, the

reasons given for dropping out of study.

3,12 Sample size estimation

This proposed trial involves the comparison of three doses
of niridazole with a standard dose of metfifonate} The outcome
. measure is a cure rate or the proportion of cures amongst treated
subjects. Cure is defined as the absence of viable eggs in three

. -
consecutive urine specimens taken during the period between 11 am to
2 pm twelve weeks (and aiso twenty~-four weeks) after theraﬁ&. Table
ba represents proportions that have been reported in several studies
and Table 6b utilizes some of these proportions and some hypothetical
proportions.
. Any sample size estimations uﬁing these proportions are the

basic minimum and if possible more subjects should be included in the

. ‘ . >
study.

in using proportions Cohen (23) has noted the requirements
for calculating a total sample size N. Tﬁese ére

(1) The significdnqé criterion, a. This is the risk of
wmistakenly rejecting the null hypothegis and concluding that there
is a difference when there is none. It will be taken as 0.01.
This is because with increasing numbex of groups éhefé is‘é chance of
at least rejectiné-one'nuli hypothesis even when all ar; true.

(1ii) The value of b,:where b is the risk of not. rejecting

the null hypothesis when in fact there is a real diffefepce between the
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Table 6b. Sample size estimations

a = 0.01

Moderate Infection
(Stratum 1)

b

0.2

-

Severe Infection
(Stratum 2)

Treatment Proportion Cured Proportion Cured
A 0.58% 0.18*
B, 0.68%* 0.28
B, 0.73% 0.44
83 0.83% 0.60

76
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*Indicates proportions obtained from studies reported in the literature. .

i
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groups. It will be set at 10% and 20% (that is a power of 0.9 and
0.8 respectively).

(111) The degree of freedom u, involved. This depends on the
number of treatments and the number of outcomes. In this trial |
there are four treatments and two outcomes (cured or not cured) .

The degrees of freedom equal 3((4-1)(2-1)).
(iv) The effect size index, w. This is a measure of the

discrepancy between a null hypothesis and the alternate hypothesis.

W measures over all the cells using the following formula.

[ —

M

W= T (Pli'goi)i
1=1" Poj

"‘_‘ ’ v
where Pyy = the proportion in cell i given the null hypothesis

‘P11 = the éroportion in cell i given the alternate hypothesis
and it reflects the effect of that cell

m = the number of cells.

L]

Following the calculation of w, an appropriate table is consulted
. / p
given a, b and u. Table 6 indicates the proportions that are used in

the estimation of sﬁmple size. Appendix (Vi) indicates the actual
calculations involved.

. The Saméle size required for all the groups from the table is’

481 for stratum 1 (children with moderate infection) and 214 for

v
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stratum 2 (children with severe infection).

If one gllows for a 10% dropout rate and a 5% ineligibility
rate, the sample size requirements become 602 for stratum 1 and 208
for stratum 2. These sample sizes incorporate a power of 0.9 in the
study. Allowing for the same refusal and ineligibility rate and a
power of 0.8, the sample sizes become 522 and 235 respectively.

Fig. 4 represents a flow diagram using the sample sizel

calculated for stratum 1. Fig. 5 represents the expected numbers
A

in each ceil.
Two b values have been used in sample size calculations. 

The reason for this is related to the possibility of being unable to

fulfill sample size requirements when a power of 10% is used. 1t }s-

not possible to know before the trial whether the power of the stu&y

will be 0.8 or 0.9. _ \

Ed

3.13 Criteria for success of the trial . \

(1) The study subjects eligible for the trial following the \

}

pretrial survey should number 757. Eligibility at this stage |
indicates the detectgon of haematobium eggs in the urine. This |
allows for a 10% refusal rate, a 5% ineligibility rate and a 10% \
dropout rate. The refusal rate is includéd as an estimate of the \

proportion who refuse to allow their children/ward to participate in |

1
the study. The ineligibility rate is an estimate of the proportion \
who cannot be given treatment due to comorbidity (see Séction 3.8.1 Biii)ﬂ

\

. .
The dropout rate represents those who consentéd to be in the study but
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Figure 4: A flow diagram indicating the selection of study population,
stratification, randomization and sample size for Stratum 1.
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re%use final examinations or complete treatment course., These
proportions m?y be over or under estimations. It is not possible
to indicate what 1s expected in this community as there are no
reports.

(11) For subjects in stratum 1 (moderate infection) treatments
By, By and B4 should be statistically significantly more effective
than the standard. The same applies to individuals with severe
infection. This effectiveness should not be associated with serious
side effects. For example, nausea sufficient to cause actual

vomiting will be regarded as a serious side effect.

3.14 Ethical considerations

When an individual actively seeks health care it is not
usually unethical to offer appropriate therapy even if the therapy —
has some side effects (as long as the individual is well informed of

L}
these side effects). However, when treatment is being offered to

individ;als who did not ask for it and who presumably were healthy
enough to pursue their usuval activities, ethical considerations
.become very important. It seems insufficient to justify to a parent
or g;ardian that‘involvemenc of" their child or ward in the study,
although potentially beneficial for the child, is primarily for the
advancement of scientific knowledge.

As has been discussed pr?viously, therapy hgs been shown to

result in revergibility of some lesions, symptomatic improvement and

reduction in risk of transmission of infection. On the basis of the
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potential benefit to the individual and the fact that occurrence
of ;ide effects will be carefully noted and the treatment stop%ed
if necessary, it seems ethical to carry out the study.
Considering the possible side effects that may -be noted
following therapy for schistosomiasis, it might be argued that
niridazole should not be used. However, these side effects were
noted when high doses of up to 75 mg/kg body weight of the drug

s

were administered (41).



CHAPTER IV

MEASUREMENT

Measurements will need to be taken before actual drug trial,
during the trial and after treatment. Measurements to be taken
include egg counts on urine, body weights and the collection of

/

identifying data on study subjects.

4.1 Demographic data collection N

Some demqgraphic data will\be collected at the time of the
pretéz;l survey: name, class at schéol and name of school of all
children who provide ur{ne specimens. Attempts will be made during
this period to reach all school children or 30% or more of them (see
Section 3.8.1B). This initial survey is necessary for the determina-
tion of the prevalence of urinary schistosomiasis amengst children in
the community.

After .the initial survey all potential study éubjects will

g .
be registered. Each child will be identified by name, class at

gchool, address, age (as given by child) and sex..

-}.2 Urine studies
i '

Urine cq}leétiohs will be carried out between 1l am and 2 pm.
All collectioné will be made approximately 30 minutes following the

Y 83
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administration of a 300 ml drink of Coca-Cola’kR) or Pepsi Cola (R)
to the cgild. Collections will be in a 200 ml capacity disposable'
cup. Followiné the pretrial survey each child would have been given
an iden£%fication number. All.subsequent urine spgciﬁgus provided
will be marked with the identification number. |

The determination of the volume “and the detection of proteinuria
- and haematdria will be carried out. These data will be collected for
purﬁoses of information alone as they do not contribute to the execu-
tion of the trial.
A + Following treatment urine will be_collected 28, 29 and 30 days
following each dose or at a similgr daily sequence ggllowing the
administration of each dose such'that the days fall on school days.

Egg counting techniques are discussed in Appendix 1.

-

4.3 Quality control in microscopy

Erroneous r;sults of egg:counts may-be due to fault in the
instrument (éhq microscope) or Lhattencion Qf‘the-microscopist or’
inability to recognize thé eggs on the slide, If it is assumed that
the gicroscopes have been‘adjusted to function progerly then problems
of observerlérrors ?ecome impqrtant.‘ Althoﬁgh a pretrial training is’
" incorporated into the study, an ongoing assessment is also necessary
in order to maintain some quality of the results. One method that

»

has been used is called the 'false negative rate" (8). This was used

”

to identify laboratory technicians requiring more supervision. Slide
\ .

. selection involved only slides reported as negative. These were

rechecked in order to identify those slides that were actually positive
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(since thi; was a qualitative study not involving egg counts, there
was no need to check positive slidés). A false positive rate is not
considered here because it is believed that §chistosoma egg; are
characteristic and are either observed under the microscope or not.
Both positive and negative slides will be used in this study. The
positive slides will be used to reaffirm counts and the negative slides
will be used to determine a false negative rate. Slides repoffed on
daily will be numbered 1 to n and a random 10% of these slides will
be selected using a table of random numbers. Some error is expected in
the classification of slides during and after treatment. A 57 error
rate will be allowed each technician. This means a technician is
allowed to classify as negative 1 in 20 positive slides. For this
error rate only the negative slides are necess%ry. The calculation
of this rate will form an ongoing part of the study. Technicians
who have consistently high error rates will be required to utilize

the training slides until better error rates are obtained.
A

4:4 Body weight

The‘dosage is dependent on the weight of the chi{é;*'Weight
will be measured using a'balance beam scale. Children will be required
to get weighed barefoot in their school clothes. All primary schools
require that pupils wear §choo; uﬁifqrms. For females this is
" usually a Enee-length dress of simple‘cotton material ;nd for males, °
the uniform‘is usually a short sleeved shirt (from same material as
female dress) and ; pair of shorks. It is unlikely that differences

in clothing will contribute significantly to differences in body weights.‘

23
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1

4.5 Documentation of side effects

The questionnaire QdminiSCered prior to actual therapy will
attempt to identify any health related problems. Parents will be
asked concerning a history of nausea and vomiting in their children.

Older children at school will be questioned concerning
* menstrual periods. At subsequent drug administrations any side

effec;s reported will be documented. For metrifonate side effects
which\have been reported include nausea, vomiting, diarrhoea and
abdominal pain. These are noted more often when dosages administered
are in excess of 7.5 mg/kg body weight. Niridazole has been.documented
as the cause of rather serious side effects such as nausea,ﬁvomiting,
anorexia, headaehes and occasional skin rashes. More serious side
effects include mental depression, insomnia and-anxiety (69). These
symptoms are usually éssociated with high concentrations of unchanged
‘drug in the peripheral circulacidh. This is often a result of some
liver function impaigment and failure to metabolize the drug €69).
The serigzzﬁgide effects are also more common in treating adults with
.Sehistosoma mansont infections (106).
»

Following the cessation of therapy, recovery is rapid and
apparently complete (29, 69, 106).

. Niridazole also causes a brownish disgoloration of the urine.
Children on niridazole anﬁ their parents or guardians should be warned
about thils discoloration so that there is no alarm. The discoloration
disappears with the cessation of therapy. ~

Although egg counts after treatments will serve as the criteria

for modifying the treqtmenti the slde effects reported will also serve
. SN
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as some criteria. If vomiting 1is persistent enough to interfere
with the child's daily life, treatment will be discontinued. A
child should not be hindered from attending classes as é result of
side effects of treatments. Other side effects such as diarrhoea,
headache, nausea will also be carefully documented and appropriate
action taken depending on the findings. This will require tracing
of children who(may fail to attend school because they do not want
to be given these trqqtmeﬁts. Although the ?ause of absenteeism may
be unrelated to the trial efforts will be made to rule this out.

The community interviewer initially allocated to administer the

questionnaire will be responsible for follow-up of those children

who are absent (see Section 3.11).

4.6 Pretrial training of personnel

Contributing to the variability in results of egg countiﬁg 4
is the observer variation. In order to minimize this variability a
pretrial training of 1abo;atory staff will be includea in the‘séudy.
The technician must be able to recognize the schistosome egg in urine.
S. haematobium egg is said tq-be characteristic (71). This is
applicable when the observer is aware of what he is observing. The
technicians will examine preparéd slide; of S. haematobium during the
training period so that they will be able to.maké a differentiation
between the morphology of dead and viable haematobium eggs ana also
between non-haematobium and haematobium eggs whilst looking under a

light microscope. During this period sample slides with varying



88
degrees of infection will be used for egg counting. Intra and inter-
observer variations between counts from the same slide will be noted.
Twenty such slides will be psed (4 with few egg counts, 6 witﬂ moderate
egg counts and 10 with heavy egg counts). The use of a larger number
with heavy counts is deemed necessary because it has been noted that
a greater variability occu}s when slides have a larger density of
eggs (51). A separate set of 10 slides with a varying proportion of
dead'eggs will also be used during the training period. This is
necessary because following treatment a greater proportion of children
will be excreting dead eggs.

The écceptable level of intra and interobserver agreement
will be taken as not greater than 10 eggs per ml of urine. For
. example, in classifying the same slide two counts by two obgervers
should be within a 10 egg range. If one observer reports a slide as
having 140 eggs pef ml the same observer a secgnd time around or a
secpnd observer should report the same glide as haviﬂé a count between
130 and 150 eggs/ml of urine. It should be remembered that the
actual reporting as eggs per ml is obtained through a calculation
process.

~ There are no reports of ac ble levels of intra and inter~‘

observer agggement with regards toczzzigqggggQg. It may be found
that the level that 1s set here is not ééasible. Relevant changes
will%e made during the study.

The community interviewers will reqiire some training. The
guidelines given by Woodward and othe;; (107) on the .training of

interviewers will be followed. The important points which the

.
~ . v
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interviewers will be expecte& to know and utilize are shown below.

(1) To establish rapport with the rggpondént.

(ii) To mgintain a conversatigpéifhone and accept responses
with neither approval nor disapprov;l.

(1ii) To show ;onsisteﬁcy in asking Fhe"questions as written
in the-questionnaire. R

(iv) Toyrecord responses as given by rgépondent.

(v) To be familiar with methods of neutral probiné which may
b; used to encourage responses without "putting words into respondents'
mouths", —

(vi) To always check the questiopnaire at the'end gf the
interview in order to be certaip that recorded responses.are complete
and legible, |

Since the study will'not employ any professionai interviewers
to train Fhese community intervieweré, the interviewers will be super-

" vised and.trained by the' coordinator using test inteéviews and tape-
recording sessions. The training session will last for two to three

weeks during the period when the coordinator 4is meeting with

community leaders to obtain permission.

ST PP
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CHAPTER V

OPERATIONAL ISSUES

The success of the proposed trial is highly dependent on the
reception éf the proposal in Usi-Ekiti. If the community leaders
strongly disfavour the proposal then its execution is next to
impossible. |

The initial action is to briné the idea to the attention of
the king of the township through a certain chief of the community.
The king discusses issues with his advisors who'are themselves
community leaderé., If the proposal is favoured, the community will
usually hear about it via.its normal sources. These include church
anpouncements, various societies and meetings, mapkétplace and by
word of ;outh amongst friends and relatives..

A§sdming that the proposal has been‘favoured, efforts will be
made to supplement the n;rmal routes .of information. An advance note
will be sent home with children who ‘are potential ;tudy subjects (see
Section 3.8.1B). It should be noted that many non-urban Lommunities
such as Usi~Ekiti welcome any interest which is perceived to be

beneficial to their health.

90
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5.1 Personnel requirements

A\l

Several types of personnel will be essential if the trial
is to be properly executed. fhese include a coordinator, Lgbotatory

supervisor, a microbiologist, a nurse, laboratory technicians,

. laboratory assistants, community ipterviewers, a driver and a '"secre-

tary". .

A coordinator will be responsible for the trial. He or she
will organize all trial activities smoothly. He must be a pﬁysician,
as he will carry out the initial cursory examination of pptencial'
study subjects (see Secéion 3.8.1B). The final writing and reporting
will be the responsibility of the’ coordinator.

A sépervisor (a microbiologist) or senior laboratory technician
will be involved with supervisor§ activity of laboratory work. This
will involve training of the technician, checking of slides and main-
tenance of a high quality .in microscopy; Although theré i§ no "truth"
to which the results of the supervisor can be refer;ed, his results
will be accepted as final in disputed cases. The 5uper:iso?is
results will also be scrutinzied for intraobserver variation. At
the end of one week slides that have been reported by the supervisor‘
will be numbered from 1 to n. A random 10% of these slides will be
selected using a table qf random numbers. For positive slides an
acceptable level of intraobserver agreement will be set at not greater
than 10 eggs per ml of urine. This means that in.classifying the

same slide twice, egg counts should be within a 10 egg range. If an

inirlal egg count is staged as 130 eggs per ml the second count using

i)



. the s;me slide should be bet&een 120 and 140 eggs per mY. For negative
slides the supervisor is allowed to have a SZV error r;te. if 20
slides reported as negative are recheEked 1 slide may bg reported as
positive th the recheck. .
. A microbiologist will supervise the supervisor. He will not
be part of the study staff. He will act as impartial observer of the
supervisor's results. » s
One labératory technician will be trained for Ehe trial. /f\
If.it is found that he is ugable to cope, with thé'workload,*one
additional technician will be trained for the stu&y. ’ ,
The three laboratory assistants will be resp;nsiple for
activities such as urine collgction, labelling, and the pfovision of
rewards.for the children.

; [ |
The nurse will give the tablets to each child with a glass

I
of water and ensure that it is swallowed and not dropﬁed, hidden under
tongue or still in the child's hand.

- The ;oméunity interviewers have multiple functions in this
trial. The requirements 4re that they be able to speak, read and
write English and florulg;.1 This is impo}tant, especially in the
administration of the questionnaire which may require that the
interviewer be.familiar with various terminologies and local nages
for urinary schistossmiasis. Later théy will be responsible for z£¥
recording the side effects of treatment, reported by study Subjects;
They will also be utilized in tracing and follow-up of study subjects

who are absent from school. They will be familiar with the geography

of the area and will likely be more acceptable to members Bf the'

N
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community than a stranger.

A driver will be employed to transfer’sgifimens from Usi- -
Ekiti to the laboratory, to offer transportation-to the int;rviews
and to pérform other necessa;y transpértational activitigs.

A secretary will be réquired to type letters, notes and
reports and to perform other clericai activities.

A11 employées will be full time during the trigl with*the

exception of the coordinator and microbiologist.

Y

5.2 Budget

«

The study eriod is'estimated to be s years: 3-4 months of
planning and pretrial survey, 8 months of trial activity and 3-4
months of data analysis and reporting. A budgetary request will be
made for 1 year. Towards the end:of the 1 year period a furthe;
budgetary rquggi will be made. It is more likely that the's9udy
will be funded ;f budgetary requests are not overly ambitious.

&

5.2.1 Budget justification

-
K

Costs are involved in paying salaries of personnel employed
in the study. It is expected that the preventive and social medicine
departmept will provide space for the urine examinations: The micro~
scopes and other equipment will'hav; to be purchased.

A vehicle will be leased for a one-year period. This is

necessary'because.Usi-Ekiti is 125 miles away from the laboratory.

Table 7 is a detailed outline of the budget.



Salaries/year

1) Laboratory supervisor
ii) Microbiologist
iii) Laboratory technician

iv) Laboratory assistants
(@ $5,000 each)

v) Community interviewers

(@ $200/month, 2% days/wk)

vi) Driver
vii) Secretary

viii) Nurse (@ $12,000/yr.
6 months)

ix) Research associate

[y

Equipment

Microscopes

" Thermometers (51.50 each)
Microbiolegy equipment

-specimen jars
~beakers

-pipettes, etc.

Statipnery
Travel

- Miscellaneodus

Table 7: Budget Details
No Estimated % time
1 20%
1 107
1 1007%
3 100%
2 50%
1 100%
1 100%
for 1 50%
1 1007%
5
100
TOTAL:

Cost §

3,400
2,000
10,000

15,000
2,400

4,000
6,000

3,000

12,000

7,500

150
2,000
300

500

$68,500
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5.3 Timing of the study

The study involves school children and therefore allowances
have to be m%ée for school holidays. If it is timed such that pre-
‘trial accivitxes begin with the school year in September, pretrial
urine collection, interviewer training and examination of study
subjects should be complete by the time school closes for holidays.
School reopens in early January till mid-April and treatment and
post-therapy urine collections will be carried out during this period.
It will be necessary to rotate these activities amongst the participat-
ing schools. It is intended that for children on metrifonate, first
post treatment urine collection will be carried out at the end of-
May/June.‘ When school reopens, urine collections will again be taken
in September and October for the determination of long-term cure.

If treatment falls on a school holiday it will be given on the next
o

school day. The next three to four months will be used to analyze

and report results of the study.

o e e -



CHAPTER VI

& ANALYSIS

6.1 Questions R

1. Are the responses (cures, side effects) to the various

a>

doses of drugs administered significantly different?

2. With respect to cure rates, how do the three doses of

niridazole compare with metrifonate? °

3. Is there any dose-response relationship with the use of

niridazole?

124

- $
. \
6.2 Comparisdn of respenses across treatment groups

Cure ratzg)will be determined for each treatment group ana a
chi-squre analysis will be used to test the null'hypqthesi; that
there is no difference'in the distribution of cure rates ;cross treat-
ment groups within each stratum. If the hypothesis }é rejected, then
_there }s a suggestion that there is a greater than chance difference

Lg\sgﬁg rates across groups (Table 8).

Table 8. Cures across treatment groups (for each stratum).

. , r ) . f/
A Bl , 82 . B3 .
Cure& a = 0.01 ‘
Not ) 1 . XZ -
Cured 3




97

The two side effects that are often reported following treat-
ment with niridazole and metrifonate are mausea and vomiting. A
chi-square.analysis will be used to test whether there is a significant
" difference in.the distribution of these symptoms. However, only
nausea severe enough to cause vomiting would be regarded as a severe

-

side gffect (see Table 9).

Table 9.\Xﬁausea report across treatment groups (for each stratum,
similar ome for .-vowiting).

e '
A B1 32 B3

Nausea . |

No nausea . F 3
1

Though the occurrence of nause; or vomiting may be significantly
d}fferent acréss treatment groups, nausea' and vomiting may or may not

be different across groups. A separate analysis will be carried out

tb determine the occurrence of nausea and vomiting across treatment

gfoups (see Table 10).

Table 10. Distribution of nausea and vomiting across groups (within
stratum) . N :

Nausea and yomiéing

No nausea and vomiting i ,\\ ’ Xo=

-

S e e W s e i e ot Sy ot o
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6.3 The nature of the dose-response of niridazole

It might be expected that cure rates will increase with the
increase in dose of drug adginistered. " The simplest method is to
assign arbitrary scores to the categories and using normal regression
techniques (30a). This enables the overall chi-square statistic to
be partitioned into component parts. The category 'cured' will be
assigned a value of 1 and the category 'not cured' will be assigned
a value of 0. The three doses of niridazole will be given values
-1, (Bl)’ 0 (Bz), 1 (B3). These values are arbitrarily chosen and
eveﬁly spaced (sge Table 12). The results of this categorization
is a regression of cure (y) on doses of niridazole (2). The formula
for estiégting the coefficient of cure on dose is: byx = %ﬁi.

where Cyx and Cxx have to be calculated from frequency tables obtained

by using the scores that have been chosen and the formulae to be used

are
= 3 . 2 - 3 s /
Cxx .Z Ny §§l Dy N)
j=1
Cyx = £2 13 nijyi_x.j'— (£ n\.yi)(23 n.y ¥ )N
i=1 j=1 i=1 j=1

v

The variance of byx(V) = 1/N x %%%

where Cyy = £2 nk.ykz - (22 n_.y )2 N
\=1 (”l

where X represents the counts of cures in the i th cate&oryi
n . marginal count for category i

, ~
N is, the total number in the sample.
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The component of the chi-square due to a linear trend can then be
calculated from the formula byxZDV(byx). The results will be tabu-
lated as shown in Table 13.

\

Table 11. Cures using niridazole (assignment of scores).

Scores

B B B’
] °
J

Cured l ¢ }

Not cured 0 l ]

Table 12.

Source of variation daf ' x2 "Pyalue

Due to linear regression
of cure on dose

Departure from regression
(obtained by subtraction)

) \

‘If the x% is significant, one can conclude that there is a significant
increase in cures with increase in dose of niridazole administered.
Furthermore, one can conclude that this increase is a linear one.

JIt is possible to find that the high but effective dose is also asso-
ciated with severe side effects and poor compliance. It might be
necessary to recommend a less effective dose which is not associated

3

with such severe side effects as to make patients poor compliers.
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6.4 Other results

6.4.1 Percentage reduction in egg output

The cure Eates may prove not to be statistically significantly
different across groups even though there 1Is significant reduction
in egg output. Clinically, reduction in egg output is important, even
in those regarded as fallures. If one accepts that pathological
lesions are related to the egg output, any reduction in egg output

is important to the infected individual. The percentage reduction

in egg output is defined as follows: '

(Egg output prior to therapy) - (Egg output following therapy) 100
Egg output prior to therapy -

C

6.4.2 Compliance .

Several groups of subjects’ can be distinguished based on
compliance measures.

‘(1) Subjects who refuse treatment. Where possible reasons -
gi;en wlll be documented.

(ii) Subjects who cannot tolerate treatment because of side
effects. This group wiil be documented and analyzed (seé Table 10).

(i11) Subjects who are away from school. Absenteeism from
school may Qr may not be related to the treatment, An attempt will
be made to reach this group. The community interviewer will dogument

reasons given for absenteeism (see Section 3.11). If reasons are

N
unrelated to side ef!ects, this group will be regarded as dropouts.

o
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If reasons are related to side effects then they will be regarded
as belonging to (ii) above. |

(iv) Subjects who have been treated but refuse final examina-
tions. It is expected that a study subject should provide urine
specimens for final examinations. Three samples of urine at specific
perioﬁs of the day for three consecutive days, twelve and twenty-four
weeks after last dose of treatment are to be provided by subject.:
Consecutiveness will be defined as a period of five school days. If
within five days a subject cannot be located to provide samples, he

or she will be recorded as a dropout.

6.4.3 Prevalence

The proportion of infected children amongst examined school
children will be used to determine the prevalence of urinary schisto-

somiasis amongst school‘children in this community.

6.4.4 Urinary symptoms

-~

From the results of the questionnaire, the prevalence of
urinary symptoms amongst infected and uninfected children will be
noted. It will also be indicated whether these symptoms are signifi-

cantly different amongst infected and uninfected children.
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6.5 Interpretation of chi-square

In a contingency table set up, hypothesis testing is related
to independence of the variables forming the table. When a cgertain
chi=square (Xz) value is obtained, it is referred to a table of XZ
distribution.: The requirements for use of the table are degrees of
freedom and some a priori significance level, a. If the x2 value
obtained by data analysis is greater than‘the tabulated value given
the -degrees of freedom and @, it indicates the lack of independence
or ch;E—;%e results are unlikely to be due to chance. A x2 value
smaller than the tabulafed value given the degrees of freedom and a
leads to a conclusion that differences noted may well be a result of
chance. For example, if x2 value obtained in analyziqg table 9 is

not significant, one could conclude that the incidence of nausea is

not different for both drugs.

6.6 Beta analysis

Since the sample size calculations have been based on

'

PeS

estimates from other studies, there is a possiéiﬁity
that the actual propprtions observed.in the stﬁdy will be quite
/ )
different. An analysis will be carried out at the end of the trial

using the study sample sizes and observed proportions to determine

P
. the power of the study.



CHAPTER VII

CONCLUSIONS

-

A discusgion of schistosoma parasitic infectidn has been presented.
Some aspects of haematobium infection in children have been discussed.
fhe parasite has been identified as being associated with significant

N
morbidity and some mortality. Problems which make results of reported”
drug trials questionagle were‘discussed. The need for_identifying drug
dosages using standardized trials were presénted.

A design of a randomized clinical trial to tre;t 580 infected
school childrem has been presented. The trial will take place in a
single locality and will last for eighteen months. '

This design will atfempt to answer the question of effective
dosages of niridazole in haematobium infection. Once dosages are
established, it will become possible to make recommendations regarding
therapy of schisgosomiasis in countries where schistosomiasis is
prevalent. This trial will serve as a basis for further studies
regarding therapy of schistoéomiasis. Consideration of a suppressive

and/or prophylactic management of schistosomiasis using niridazole

are. possibilities for future research.
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APPENDIX I

Egg counting techniques

These are of two main types: centrifugation or filtration
methods.

(1) Centrifugation methods

The earliest of these methods was first described by Barlgw
(6) and used by Scott (93) and later in a modified form by Stimmel .
and Scott (97). Mainly it consisted of using a large volume of urine,
usually 50 ml. This was centrifuged and the deposit was stained with
methylene blue and spread over glass slides which were allowed to dry.
The dried slides could later be counted by adding a little water.

The problems with this initial technique were manifold:

(1) large number of sl}des needed to be counted per specimen
énd, especially when infection was heavy, errors were introduced;

(i1) transfer of the sediment from centrifuge tube required
some washing and some’ dilution resulted; and -

(i11) there was no allowance for the examination of pa;t of
the specimen.

However, it did have the advantage that the minimum number of
precise measurements weré taken since the method utilized the whole
sample of urine obtained from an individual.

An adaptation of the centriguation method was used‘by Jordan
(quoted by Bradley (1l4)). This involved a smaller volume (10 ml) of

104
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urine obtained from the initial sample. Deposit from centrifuging
this volume is resuspended in 0.2 ml of supernatant. A small sub-
sample (60 mm3)‘is transferred to a glass slide and eggs were counted
(i.e., eggs in 3 ml of urine are counted).

Disadvantéges of this modification include the following:

(1) requires measurement Bf three precise volumes;

(1i) resuspending the sediment on a tiny volume (0.2 ml)
often proved difficult; and

/

(iii) no . premanent preparations are made and recounting'i;)
impossible.

Regardless, ‘it is less cumbersome than the first method and
uses only a single slide. One possibility is the use of multiple
slides per specimen. Each slide is counted and a mean of the tﬁ}ee
counts is taken as the egg count. It is quite possible that highly
different results would be obtained as has been observed (104). The

main disadvantage of ¢oth methods is that they need to be performed in

a laboratory and both are quite.time consuming.

(2) Filtration methods

This was first described by Bell (10) for quantifying S.
mansoniheggs in stool. Severa} modifications of this method have
;een adapted for use in ¢counting S. haematobiwn eggs in urine.
Bradley's (14) modification could be used for urinary egg counting
in the field. All modifications require separation of eggs onto filter

paper, staining with ninhydrin and then examination under the micro-

scepe. The method requires minimum number of measurements, produces

RV
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a permanent record which can be read and re-read at leisure. Bradley
(14) has used this method extensively and noted that when infections-
are known to be light or following therapy, a large volume up to 50
ml can be filtered whilst, prior to therapy, smaller volumes could

be filtered (about 5 ml).

Filtration techniques have received more attention 1? recent
yeats. Peters and others (79), Pugh (82), and Wilkins (lQS) have
used filtration methods, or one modification of 1it, in several |
studies. Differences in these modifications include type of filter
being used, inclusion or exclusion of staining, and additional normal .
saline. Expense often dictates the type of filters to be used and the
nucleopore filters advocated by Peters and others (79) are stated to
be the most expensive, though finer, and, at the same time, tended
to get clogged when urine with high egg counts was examined. Wilkins
(105) noted that examination~of replicate aliquoss from heavily

~

infected cases was more likely to result in similar egg counts than
repliéatg aliquots from lightly infected cases. There were consistent
observer variations. Peters and others (79) noted that, although
there were differences in counts between replicate aliquots, there was
no statistical significance between these differences, regardless of
whether the egg counts were minimal or heavy. N
Secondly, some attempts should be made to minimize the inter-
oEserver varlations in reportiné egg counts from the same specimen. - -
Thirdly,’ghe vapiationé between replicate samples from the individual

"have to be noted. Fourth, the intraobserver variation in reporting

the same preparation twice should be minimal.

~

~r
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One method that could attempt to minimize intéa and inter-
a
observer variations would be to have an initial period during which
personnel are trained to use the method. Then a testing period
would ensue and individuals with wide fluctuations could be retrained
until insignificant differences result.
A filtration technique as modified by Peters (79) and others

will be utilized in this study."



APPENDIX II

Advance Notification

Dear Parent/Guardian,
Your child/ward has been selected to participate in a study.
This study involves the treatment of a worm infection which
yo;rchild/ward has. The treatment of Epis lnfection is known to be
effective. The study will involve the provision of a birth certifi-
cate for the ;hild if one is avallable. During the next few months
your child/ward will be required to provide several urine specimens
at school. Somebody will come by your house to discuss this study
qith you. This person will interview you only at your own convenience.
This study is not related to your taxes.. ( o "

Your cooperation 1s essential to the success of the study

and would be greatly appreciated.

108



APPENDIX III

Questionnaire to determine magnitude of urinary symptoms in population

and to identify otherwise eligible study subjects.

Identification No.

Suggested Introduction

Hello,
I am here to discuss with you, the study mentioned in the
note gent to you from your child's school. ’
This study is being carried out by a research group from

\

the University of Ibadan. Please note that anything you decide to
say or do will not jeopardize &our child's education nor affect your
family's ability to obtain heaith care and you can refuse to partici-
pate or withdraw>at any time. If you have any que§tions, please do
not hesitate to agk me.

(Circle appropriate number)

»1. Demographic information

1.1 Name Sex 1. Male = 2. Female

1.2 Address

1.3 Respondent's relationship to child

1. Father
2. Mother
3. Other (please specify)

1.4 Age of child

109
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Do you have a birth certificate for the child?

1. Yes Could a copy of“'it be made available to us?

2. No

1f No
Probe to identify how age of child was determined.
Events occurring around time of birth such as
—-a new market

~a new building opened

- .S
. g

~-festivals
~visit of an important person

—crowning of a new king

o
-other (please specify) .

2. Health Information (If yes to 2.4-2.5, child is not eligible)
2.1 Does the child have any serious health problems?
1. Yes (please describe ‘
2. No
3. Hesitant -don't know
' -not sure
-can't recgll

Probe for any of the following

7

110 -

2.2 Previous Hospitalizat;ons (please&%escribe respondent's'reasons

S—
" for these)

1. Yes
2. No
2.3 Current medications
1. Yes (please specify)

2. No

@
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2.4

2.5

2.6

,2.7

i 2.8

2.9

Yellowness of the eyes

l.”Yes (not eligible)
2. No
Epilepsy/clnvulsions

1. Yes (not élig;ble)
2. No

Nausea/vomiting

‘1L Yes

2. No

Has the child complained about his health since yesterday?.

1. Yeg (please describe)

2. No

Any health complaints since last week?

1. Yes (please describe)’

2. No

Have you observed the child's urine in the past day or

Day Week
1. Yes . 1. Yes
2. No 2. No

2.10 Please state the colour

" 2.11 Has :he child any complaints regarding urination?

1. Yellow

1. Yellow
‘2. Pink 2. Pink
3. Red 3. Red

1. Yes (please describe) Note 1. Pain 2. Blood in urinme: 3. Other

2. No

3. Don't know (probe) 1. pain 2. blood in urine.

111
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S

At this stage of the intervie&, thank the respondent and give
informed consent information to read. If unable to read, explain
the content qf the informed consen;nto the respondent. 1If respon-
dent allows child to partic;pate, present consent form for signatuye

or thumbprint.

If respondent refuses participation, ask why.

3. Please Qescribe reason for refusal. //

-,



APPENDIX IV

Informed Comnsent

A study of effective therapy of urinary schistosomiasis in school

v i

children.

+ Urinary schistosomiasis is an infection‘caused by a type of
worm. Children and adults get the infection whilst swimming, play-
ing or washing in streams or ponds around the community.

This study will try to find out the best treatmeats that can
be offered to children. The children will be given some tablets by
mouth and will be requireq,to provide urine samples from time to time.
The treatment may be accompanied by some side effects such as nausea
and vomiting: Treatment will be stopped imm;diatgly if side effects
are bothersome or at a requesp from you. The child may be withdrawn

from the study at any stage. Neither you nor the child will suffer

any repercussions.
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Consent to Participate in Study

I, v ¢ ¢« « « « s + « « have read the information concerning the
schistosomiasis study. It has been explained to me that the study may
involve treating my child/ward with some tablets. I upderstand what the
study involves.

I agree to participate in the study. I understand that I can
withdraw from the study at any time. I he;;by give my comsent to

participate in the study.

£5

Date:

Parent/Guardian signature

Witness signature

In the event of inability to sign:

Thumbprint P
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APPENDIX V

Calculation of sample‘sizes

Stratum !
Treatment Proportion cured
A 0.59
Bl 0.68 .
B2 0.73
B3 0.83

following tables:

Stratum 2
Treatment Proportion Cured
A 0.18
B 0.28
B2 0.44
B3 0.60

These proportions are reduced to a fraction of 1, giving the

Pi table
Treatment (StratuT 1) Treatment (Stratum 2)
Proportion A B1 82 B3 Marginal A Bl By Bq Marginal
Cured 0.15 0,17 0.18 0.21 0.71 0.05 .0.07 0O.11 0.15 0.38
Not cured 0.10 0.08 0.07 0.04 0.29 0.2 0.18 0.14 0.10 0.62
0.25 0.2?. 0,25 0.25 1.00 0.25 0.25 0.25 0.25 1.00

Calculation of effect size, w:

M (p.{-Poi 2
oo : (P, oi) .

i=l POi

Po table (No association) No effect due to the treatments
Treatment (Stratum 1) Treatment (Stratum 2)
Cured 0.18 0.18 0.18 0.18 0.72 0.09 0.09 0.09 0.09 0.38
Not cured 0.07 0.07 0.07 0.07 0.28 0.16 0.16 0.16 0.16 0.62
y 0.25 0.25 0.25 0.25 1.00 0.25 0.25 0.25 0.25 1.00
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(0.17-0.18)%  (0.18-0.18)%  (0.21-0.18)%  (0.15-0.18)%
wos 0.18 * 0.18 * 0.18 0.18
(0.08-0.07)%  (0.07-0.07)%  (0.04-0.07)%  (0.10-0.07)%
T T 0007 T T .07 * 0.07 * 0.07
\
(0.07-0.09)%  (0.11-0.09)%  (0.015-0.09)%  (0.05-0.09)2
WS 0.09 * 0.09 * 0.09 T TT0.09
(0.18-0.16)%  (0.1-0.16)%  (0.14=0.16)>  (0.2-0.16)>
T o0 - T T 0.6 T 0.6 YT o.16
\
Stratum 1 Stratum 2
w = 0,1942 w = 0.3277
a = 0.0l = 0.0l
b = 0.1 (Power of 0.9) or b = 0.1 (Power of 0.9) or
0.2 (Power of 0.8) 0.2 (Power of 0.8)
au = 3 u = 3
From the table
When Power = 0.9 N = 481 When Power = 0.9 N = 214
When Power = 0.8 N = 386 When Power = 0.8 N = 172

-

These values are conservative since the value of w in the table is not exactly

as calculated above.
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Appendix V  (contd.)

-

The estimated sample sizes for a study with a power of 0.8
will be rounded off to 400 for stratum 1 and 180 for stratum 2.
This will require that for each stratum the following sample sizes

will be needed.

Stratum 1 Stratum 2
After pretrial survey N = 522 N = 235
10% refusal rate _ _
5% ineligiblity rate o= ahh N = 200
varying percentages for
a total of 157
10% dropout rate during N = 400 N = 180

the trial

All these rates will likely be different in the actiuual trial and
whatever the sample size turns out to be, a beta analysis will be

necessary in order to calculate the power of the study.
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