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The Measurement of Bilharziasis
Prevalence and Schistosomal Egg Output
Aims and Techniques, with an Account of a Field Method

DAVID J. BRADLEY1

For bilharziasis prevalence surveys based on excretal examination the two primary
requirements are precision and reproducibility. For a reproducible prevalence survey
a subsample of stool or urine must be exhaustively examined for eggs. This require-
ment is identical with that for egg-counting. Adequate methods for both purposes are
therefore the same. For urine studies methods involving concentration and further sub-
sampling involve more possible sources of error than do recent methods using filtration,
followed by staining of eggs with ninhydrin. A method is described for use in the field
whereby the urine is sucked into a plastic filter-holder by hypodermic syringe. For stool
samples concentration techniques involve a variable extraction fraction. Stoll-counting
uses a very small sample for bilharziasis work and possibly new methods, again using
filtration and ninhydrin staining, will prove ofgreater value. Field testing of methods has
not yet reached the position where any one technique can be said to be ideal.

Of the ways of estimating the prevalence of
bilharziasis, finding parasite eggs is unequivocal. It
is therefore remarkable that the measurement of
prevalence by egg output has received less attention
than have several more indirect procedures such as
antigenic methods. This paper considers the aims
and actual techniques of excretal examination to
give quantitative results, with emphasis on Schisto-
soma haematobium. It will be shown that where
precision is the paramount requirement simple
prevalence methods tend to be those needed for egg
counts.
An important distinction must first be established.

Examination of urines from a community may be
undertaken either to provide a base-line for control
measures or for comparison with other areas, or, on
the other hand, to determine who shall receive
therapy in a mass treatment campaign. The former
I call a "prevalence survey ", the latter, "mass
diagnosis'7. The requirements of techniques for the
two purposes are distinct. For " mass diagnosis "

sensitivity is more important than reproducibility
and the technique may usefully vary according to the
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facilities available at a particular time. "Mass
diagnosis" methods are not considered here.
The prevalence survey, however, needs to be pre-

cise and reproducible, even at the sacrifice of
some sensitivity in detecting persons very lightly
infected. In practice, the proportion of the com-
munity passing between one egg in 5 ml of urine and
one in 50 ml is not great. For many purposes,
including transmission assessment certainly, and
estimation of pathological effects possibly, egg
counts provide data unobtainable from the most
accurate survey of simple prevalence. The counts
also permit more rigorous statistical treatment.

There are two aspects of excretal examination that
must be controlled. The first covers details of the
time, place and manner of collection so that the
largest and most reproducible phase of egg output be
sampled. There is little freedom of choice for stool
collecting in the field. Sampling times for urine
are not discussed here, but it has been shown
(Jordan, 1960) that egg excretion is greatest be-
tween noon and 2 p.m. It is fortunate that the
maximal egg output seems to coincide with maximal
reproducibility (Bradley, 1963), which is even more
important in prevalence surveys. This conclusion
was based on the only case studied in adequate
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detail so that it cannot be considered firmly estab-
lished as yet. The other aspect for standardization is
the processing of the sample after collection, and
this is considered in detail here.
The sample is received, and for an accurately

reproducible prevalence survey it is necessary to
examine a subsample of known size exhaustively for
the presence of eggs. That is, every portion of the
subsample that could possibly contain eggs must be
available to microscopical examination. A con-
sequence of this is that any adequate precise tech-
nique for prevalence survey will furnish a prepara-
tion suitable for egg counts. The only distinction is
whether the microscopist counts all the eggs seen or
only the first one that comes into his field of view.
The discussion that follows is applicable to either
study, and the field kit described below provides a
preparation suitable for both. Indeed, as should be
clear by now, any precise " qualitative" method
amounts to a quantitative one extremely truncated
as to results, while a " quantitative" one is a
qualitative method in which the volume sampled is
somewhat truncated and the data are given more
fully.
The aim of any large-scale method for field use is

to standardize procedures and to reduce the number
of precise measures to a minimum. The absolute
minimum attainable in prevalence studies or in egg
counts, if they are to be expressed as eggs per unit
volume, is one count or observation and one accurate
volume measurement, and no variable procedures.

URINE SAMPLES

The methods widely used tend to be deficient in
one or more of the above respects, though they have
been adequate for many studies in the past. In the
most widely used technique of all a urine glass con-
taining the specimen (a rough volume measurement
that breaks down if a sample smaller than the glass
be passed) is left to sediment for a time and then a
sample of sediment is removed by uncapping a tube
placed to the bottom of the glass and recapping to
transfer sediment to a slide. This may be repeated
until all the sediment has been seen. Numerous
variables are introduced-speed of putting the tube
into the urine disperses sediment, speed of un-
capping determines the precise nature of the sub-
sample; the whole procedure tends to disperse
more sediment and make further subsamples still
more uncertain, and so on. The alternative quali-
tative procedure of taking 10-15 ml of urine and

centrifuging does allow accurate measurement of
urine volume if calibrated tubes be used, but re-
suspending the deposit in a small volume of liquid
followed by complete transfer of the slurry to a slide
is often almost impossible without washing out the
tube and increasing the volume to be put on the
slide. Thus the common " qualitative" methods
have a large number of variable factors in their
performance, in spite of their utility for some
purposes.

Several methods for the enumeration of S. haema-
tobium eggs have been published. They fall into three
main groups.
Barlow (1931) described a method later used ex-

tensively by Scott (1937b) and in a modified form by
Stimmel & Scott (1956) and Scott (1957), where
50 ml (15 ml in Scott's later papers) of urine were
centrifuged and the deposit, stained with methylene
blue, was spread over areas of glass slides marked
out by a wax pencil. The slides were dried and
could be counted later by adding a little water. This
technique is somewhat less simple than it appears at
first sight; the deposit from 50 ml of urine can be
extensive and may require many slides; quantitative
transfer of any sediment from a tube without washing
is always difficult; and this volume of urine will
often provide yields of over 5000 eggs, sometimes
even 40 000 in an area where schistosomal infection
is at all abundant, and there is no reliable way
whereby only a portion of these eggs may be
enumerated.
A group of more recent methods involves sub-

sampling of the centrifuged deposit from a sample of
urine. Gerritsen et al. (1953) used such a method
but their technique is so complicated and intended
for a particular study as to have no general appli-
cability. Jordan (1960) has used a more straight-
forward method: 10 ml of urine are centrifuged and
the deposit resuspended in 0.2 ml of the supernatant.
A subsample of 60 mm3 is transferred by pipette to a
slide and the eggs are counted. This is equivalent to
counting all the eggs in 3 ml of urine. Defects of
this technique are the need for three accurate volume
measurements in each estimation and the difficult
procedure of evenly resuspending the urine sediment
in a small volume. The preparations are not perma-
nent, so that subsequent rechecking of counts is not
possible, and the urine volume sampled is not large.
This last is not a great disadvantage and the tech-
nique has the great advantage of resembling the
more traditional qualitative methods and providing
a single cover-glass preparation of manageable size.
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The method has been used by Jordan (1961) and by
Onori (1962), and Bennie (1949) used a technique of
this type.

Methods of the third group depend on filtration as
the means of separating eggs from urine. A method
using cellulose-ester membranes has recently been
published (Browne & Thomas, 1964), but these
membranes are prohibitively expensive for wide-
spread use. Bradley (1962, 1964) used an apparatus
whereby any desired aliquot of urine was filtered
through a Whatman No. 1 filter-paper and the eggs
stained with ninhydrin, a method previously used
successfully for S. mansoni by Bell (1963; see below).
The technique was used for urine studies by Forsyth
& Bradley (1964).

Attempts have been made to adapt and simplify
the filtration technique for S. haematobium for use in
field surveys, the ultimate aim being to produce a tech-
nique as quick as the crude methods so widely used at
present. At first these attempts involved the use of an
absorptive pad to soak up the urine but this gave rise
to difficulties, first, because of the small volume used
and, secondly, because development on a large scale
would have been expensive. Attention was therefore
concentrated on devices already commercially
available for other purposes, and it has been possible
to devise a field kit using some of them. Suction is
provided by an ordinary hypodermic syringe, which
also measures the volume of the subsample; multiple
small filter-holders that are commercially available
are used; and these last replace the urine con-
tainers so that no liquid urine need be brought back
from the field at all. The cost of the kit is not very
high and if large numbers of urine examinations are
performed the cost steadily falls to around USS 0.02
per estimation. The number of accurate steps is at
the theoretical minimum and the procedures are
" fragmentable " so that the important steps can be
supervised, if necessary, with the minimum usage of
time. A permanent record is produced, as with all
filtration methods, so that prevalence observations
and egg counts can be made at leisure. The kit is
intended for survey work for epidemiology or control
assessment, and is particularly designed for " safari "
work to obviate the need to hoard urine samples.
For prevalence surveys a constant 5-ml sample may
be collected. Where infections are known to be
light, or following treatment, up to 50 ml or even
more can be taken by simply using a large syringe.
The kit and its use are described in an annex to this
paper: though the procedure may appear complex
when fully described, a similarly detailed account of

more traditional procedures to those unfamiliar
with them would appear equally so. The dis-
advantages of filtration methods are their unusual
appearance on use and the need for ninhydrin
staining, with heating. Studies are still under way
to simplify this aspect and adapt it to other helminth
egg counts.

STOOL SAMPLES

Sensitivity does become a problem in the precise
examination of faecal samples: 10 ml of urine taken
at the "peak" period contain 2.5% of the daily
S. haematobium egg output whereas 1 g of stool
contains under 0.3% of the S. mansoni output, while
the normal "direct smear" includes only 0.002%
of the daily faecal output. Concentration tech-
niques make possible examination of a variable
portion of the eggs in 1-2 g of stool. The extraction
fraction varies in an uncertain manner with both
stool composition and egg content, so that the
criterion of reproducibility is lacking. Nevertheless
concentration techniques are much more sensitive
than direct counting. As they have been frequently
reviewed they are not considered further here, except
to point out that Pesigan et al. (1958) preferred the
MIFC concentration to Stoll-counting for egg
enumeration in S. japonicum infection, but these
authors do not give the data on which this con-
clusion was based.
Two other quantitative methods have been used.

Scott (1937a) and Kloetzel (1962) used the dilution
egg-counting method of Stoll & Hausheer (1926).
Disadvantages were the small size of sample
examined (between 0.005 g and 0.03 g depending on
the number of replicates performed) and the need
for three accurate volume measurements.

Bell (1963) filtered a suspension of one day's
fixed faeces made up to a litre, and stained the eggs
using ninhydrin and heat. About 0.2 g of stool was
thus prepared, 0.1 % of the daily output. This was
spread over 40 cm2 of filter-paper: staining the eggs
permitted a suspension per unit area five times denser
than on a Stoll slide. The method is excellent for
special studies; its use for field surveys has not yet
been tested adequately, though the large area to be
scanned would be a disadvantage.

CONCLUSIONS

At present methods for assessing the prevalence
of bilharziasis are in a phase of active development
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so that it is difficult to select any as outstanding.
Jordan's (1960) method for urines and Stoll-counting
for stools are perhaps the most serviceable quantita-
tive methods though both (especially the Stoll) use
small samples and are less foolproof than appears

at first sight. Filtration methods hold great promise
but have not yet been sufficiently tested in the field.
Much improved methods should be available within
one or two years and the choice should then be less
difficult.
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Annex

A PORTABLE FIELD FILTERING KIT FOR URINES (OR STOOLS)

Contents ofkit
25 (or more) each of Tenite " field monitors ",

perforated plastic discs, sampling tubes.
500 Whatman filter-paper discs (1 or 541), 37 mm

in diameter.
3 plastic 10-ml syringes with Luer nozzles.
1 small dark dropper-bottle.
1 small bottle of ninhydrin of dark glass.
1 Perspex grid for counting purposes.
Optional extras: case of polystyrene, small tube

of grease, plastic Petri dishes to store papers.
The field monitors, manufactured to carry pre-

cision cellulose-ester filters, are of two parts (as
shown in Fig. I) which fit together to hold the filter-
paper supported by one of the perforated plastic
discs. Each part has a Luer socket which both the
sampling tubes and syringes fit. The monitors are
made of transparent plastic and are not easily
broken. Coloured plastic plugs are provided to
close the sockets when not in use. Since the monitors
replace the usual urine-carrying bottles, sufficient
are taken into the field to allow one for each sample
that day.

Mode of use
Before leaving the base the field monitors are dis-

mantled, and a plastic disc and filter-paper circle
are inserted. It is convenient to put reference
numbers on the circles in soft pencil before inserting
them. The flanges of the monitors may be lightly
greased on the first occasion of use. The monitors
are then closed, sampling tubes inserted into the
ends distant from the plastic discs, and the monitors
put in order in the case.

FIG. I
LONGITUDINAL SECTION OF URINE FILTRATION

APPARATUS a

Monitor

11

Sampling tube

H Filter-paper

a Urine flow is from top to bottom of diagram.

In the field, each person micturates into a wide-
mouthed polyethylene jar. The sample is shaken
vigorously and the sampling tube of a monitor
inserted well into it after a syringe has been fixed to
the filter end (Fig. 2A). The plunger is withdrawn
to the 5-ml mark, the whole apparatus removed
from the urine and inverted (Fig. 2B), and the

I I
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FIG. 2. URINE FILTRATION APPARATUS a

a In field use the apparatus is kept vertical.

507



508 D. J. BRADLEY

urine filtered completely by suction from the syr-
inge. The filtrate is discarded after the syringe
has been detached from the monitor, whose
lower end is then plugged. The whole field pro-
cedure can be completed in a few seconds if neces-
sary. The sampling tubes are then best detached.
On return to the laboratory or camp the dirtier

samples and those containing blood may be washed
with a dilute solution of Teepol in saline, sucking
with the syringe. The eggs are then killed by gentle
heat or by formol. A few drops of saturated nin-
hydrin in saline, prepared less than a week previously,
are added to the paper and the monitors are gently
heated until dry. A temperature between 37°C and

90°C is needed, and anything from a bacteriological
incubator to a biscuit tin over a fire may be used.
The papers are then removed from the monitors
which are reloaded for use the next day. The papers
may be varnished with a drop of dilute Nobecutane
and are stored in plastic Petri dishes or in tobacco
tins.
For examination, the papers are damped and

viewed under a low-power monocular or dissecting
microscope. For prevalence studies they are rapidly
scanned, while for egg-counting a grid is laid on
the paper and all or a proportion of the squares are
counted. The papers are then dried and stored if
needed for reference.

RtSUMt

La pr6valence de la bilharziose est plus suirement esti-
mee par la recherche des aeufs du parasite que par les
m6thodes indirectes, par exemple la mise en 6vidence
d'anticorps. Que cette recherche soit effectu&e en vue
d'une 6valuation epid6miologique ou pour determiner
qui doit recevoir un traitement, il est n6cessaire qu'elle
soit pr6cise et reproductible. Pour les urines, la methode
de concentration de l'echantillon puis d'examen d'un
prelevement du sediment comporte des causes d'erreur
plus nombreuses que les m6thodes recentes de filtration

puis de coloration des aeufs par la ninhydrine a chaud.
L'auteur d&crit une methode utilisable sur le terrain.

L'urine est aspiree dans un porte-filtre en plastique au
moyen d'une seringue hypodermique. Dans le cas des
selles, les techniques actuelles de concentration ne per-
mettent d'observer qu'une fraction variable du nombre
total des oufs elimin6s et il est possible que de nouvelles
methodes, utilisant aussi la filtration et la ninhydrine,
montrent plus de valeur. Aucune m6thode n'est encore
ideale sur le terrain.
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