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Laboratory comparison
of four cercaria recovery techniques
DONALD G. SANDT1

The sampling of rivers and large streams for schistosome cercariae requires a method
that is both highly accurate and capable ofanalysing several hundred litres of water regard-
less of turbidity. Four techniques-direct filtration by Rowan's vacuum paper filtration
method, a modification of Rowan's method, continuous centrifugation, and an overlay
filtration method-were compared for recovery accuracy, volume of water sampled, and
ease of reading under simulated field conditions. The modified Rowan technique ranked
first for mean recovery accuracy (79.4 %), followed by continuous centrifugation (53.8 %),
Rowan's technique (25.9 %), and the overlay method (22.4 %). With the direct filtration
techniques, the filtering rate was directly related to certain turbidity factors, the maximum
being 10 litres/min with the modified Rowan technique and clear water. The continuous
centrifugation and overlay methods were independent of turbidity variations. Filters could
be read most quickly (mean time 3.4 min/filter) with the continuous centrifugation tech-
nique because the concentrated sample made it possible to use small (47-mm) filters.
Mean reading times with the other techniques (89-mm and 90-mm filters) ranged from
5.6 to 8.4 min per filter but were highly variable in relation to turbidity, particle size,
and number of cercariae recovered. Direct filtration by the modified Rowan technique is
considered to be the simplest and most efficient method. When flocculation is included,
the resulting additional loss of cercariae (16 %) is within acceptable limits.

sample because of their almost continuously high
turbidity (including that caused by human activity)
and their low cercarial density.
The sampling of rivers therefore requires a method

that is both highly accurate and capable of analysing
several hundred litres regardless of turbidity. In
the laboratory studies reported here, four cercarial
recovery techniques that show promise in these
respects-direct filtration by Rowan's (1965) vacu-
um paper filtration method, a modification of
Rowan's method (Sandt, 1973), continuous cen-
trifugation (Barrett & Ellison, 1965; Olivier, 1966;
Butler et al., 1967), and an overlay filtration method
(Sandt, 1972)-were compared simultaneously for
accuracy of recovery, volume of water sampled,
and ease of reading.

MATERIALS AND METHODS

Recovery techniques
Direct filtration-Rowan. Rowan's (1965) vacuum

paper filtration method was used with 90-mm S&S
404 paper filters. A 90-mm Buichner funnel was
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It is not known whether the risk of acquiring
Schistosoma mansoni infection is greater from inter-
mittent, brief contact with the high densities of
cercariae present in small lateral streams, marshes,
and pools, or from regular, extended contact with
the low densities of cercariae present at bathing,
washing, and swimming sites in rivers and large
streams. The latter situation, however, is often
held to be the primary source of human infection.
Preliminary observations on St Lucia, by direct
filtration, suggest that the cercarial density in the
Cul-de-Sac River may only rarely exceed 1 per
100 litres and that, theoretically at least, densities
of 1 per 1 000 litres may be significant in the trans-
mission of infection.

Direct filtration of small lateral streams is limited
by the difficulties of locating and sampling numerous
widely scattered, spasmodically infected areas. River
sites, on the other hand, are relatively few and are
easily identifiable, but are technically difficult to
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attached to a vacuum pump set at 127 mmHg
for all tests. The water sample was poured through
the paper, which was then immediately stained
with ninhydrin dissolved in 70% ethanol and steam
dried.

Direct filtration-modified Rowan. The battery-
operated pump system (Sandt, 1973) was used with
89-mm SX40A-25 glass-silicone filters. Usually
the water sample was drawn from a carboy through
the filter holder; however, because of their small
volume, the samples at 200 Jackson turbidity
units (JTU) were poured directly into the filter
holder.

Continuous centrifugation. The continuous centri-
fuge (Barrett & Ellison, 1965), kindly lent by Dr
C. J. Shiff, was set at 3 000 rev/min, and the 7-litre
water sample was poured through in 4 min. The
actual operating speed slowed as the water was
poured in and was adjusted to 2 000 rev/min. As
each test was completed, the 170 ml of supernatant
fluid from the 8 siliconized buckets was filtered with
an SX40A-25 filter in a 47-mm Millipore filter
holder and the residue was stained with iodine. With
clear water (0 JTU) the tubes were washed twice and
the residue was filtered on a separate filter; with
the samples at 5, 20, and 200 JTU the residue
was adjusted to 200 ml and randomized by 10
strokes of a plunger, after which a 50-ml aliquot was
filtered. (Barrett & Ellison poured the aliquot into
a Petri dish and counted the cercariae wet with a
travelling microscope.)

Overlay technique. With Sandt's (1972) overlay
technique, the turbid water for sampling was pumped
from a carboy into the sample portion of the over-
lay chamber and overlaid with water previously
filtered through a 1-ytm filter and stored in the
filtered-water reservoir. The overlay water was
recovered in another carboy and filtered by direct
filtration with an 89-mm SX40A-25 filter.

Flocculation
In the flocculation trials, carried out with the

two direct-filtration techniques only, 60 litres of
tap water were adjusted to 200 JTU with a 0-40 ,m
clay suspension and about 50 cercariae were added
per litre. Two direct samples of approximately
1 litre were taken for examination by each technique;
the water was then flocculated with 400 mg of
sodium hydrogencarbonate and 200 mg of alumi-
nium sulfate per litre. After 1 hour, two larger
samples (4-8 litres), similar in volume to those

used to test the techniques at 0 JTU, were taken from
the centre of the container. The total volume
filterable was in excess of the sample taken.

General procedure
The tests were conducted in the laboratory under

conditions simulating field turbidities as far as
possible. Each test at a given turbidity (0, 5, 20,
or 200 JTU) was divided into two trials conducted
on different days; in each trial the four techniques
were tested twice, the second time in reverse order
to reduce the effects of aging of cercariae during
the 2 hours required to complete the trial. The
standard sample volume was 7 litres unless limited
by the technique (e.g., with direct filtration, as much
water as possible was filtered). Tap water filtered
through a 1-,tm filter served as the base water
(O JTU), with either a 0-40 ,um clay suspension
or 40-74 ,tm dry sand added for turbidity as measured
with a Hach colorimeter. In the sand trials 0.1 g
of sand was added to each 7-litre sample, reproducing
approximately the poorest filter-reading conditions
found in the field.

S. mansoni cercariae from Biomphalaria glabrata
bred and infected in the laboratory were pooled
and made up to 300 ml, and the number of cercariae
was estimated from three 1-ml aliquots taken at
the beginning, middle, and end of each trial. The
number of cercariae required to produce a density of
27-46 per litre was added to each water sample
prior to testing. Recovery accuracy was estimated
on the basis of a mean of the readings from 9 aliquots
(the theoretical cercarial density, based on a time-
survival curve, gave identical results). Recoveries
included whole cercariae and detached tails; the
latter were counted separately to give a measure of
breakage. The filters were read at x 20 magnifi-
cation by transmitted light.

RESULTS

The results of the tests are given in Table 1. The
mean recovery accuracy of the modified Rowan
technique (79.4±11.3 %) showed an inverse re-
lationship to volume filtered and to particle size,
The best recovery, 97.4%0, occurred at low volume
(0.6 litre) with fine clay particles (0-40 gum), and
the poorest, 59.7%, with larger volumes (7.0 litres)
and 40-74 ,tm sand particles; these data are con-
sistent with previous findings (Sandt, 1973). Floccu-
lation gave lower recoveries than did direct filtration
of the same water, but it is not possible to state
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Table 1. Comparison of methods for the recovery of cercariae under different turbidity conditions

Turbidity

Technique 5 JTU 20 JTU 200 JTU 200 JTU
0 JTU (40-74 Mm (0-40 zm (0-40 iAm (0-40 Mm clay) Mean

sand) clay) clay) flocculated

Recovery accuracy (%)

modified Rowan
(direct filtration) 91.2±16.2 59.7± 6.6 77.2±9.9 97.4± 7.0 71.6±16.7 79.4±11.3

continuous centrifuge:
total 58.0± 4.6 46.8±17.2 47.6±5.1 63.0±10.3 - 53.8± 9.3

supernatant only 25.2 ± 8.1 40.2 ± 13.8 40.2 ± 5.7 54.3 ± 5.0 - 40.0 ± 8.2

Rowan (direct filtra-
tion) 36.0 ± 4.0 27.2 ± 4.5 30.1 ±8.3 27.3 ± 6.2 8.9 ± 4.2 25.9 ± 5.4

overlay 19.8± 6.8 18.8± 3.0 21.6±5.1 29.4± 4.9 - 22.4± 5.0

Volume filtered (litres) a

modified Rowan 7.000+ 7.000+ 6.375 0.600 8.138+

continuous centrifuge 7.000+ 7.000+ 7.000+ 7.000+ -

Rowan 7.000+ 7.000+ 1.600 0.300 4.290+

overlay 7.000 7.000 7.000 7.000 -

Reading time (min) b

modified Rowan 7.1 12.8 9.2 6.3 6.4 8.4

continuous centrifuge c 2.1 4.4 3.9 3.3 - 3.4

Rowan 6.8 11.4 8.2 6.0 5.4 7.6

overlay 6.6 5.8 6.0 4.1 - 5.6

a + indicates that greater volumes would have been possible.
b Reading times are related to number of cercariae recovered and therefore are not strictly comparable between techniques.
c Continuous centrifuge tested with 47-mm filters; the other techniques with 89-mmor:90-mm filters.

whether the reduction was caused by the 1-hour
settling time, the increased volume filtered, or actual
flocculation of the cercariae.
The Rowan vacuum filtration technique gave

essentially the same results as the modified Rowan
method except at 200 JTU, where the recovery
was lower. The S&S 404 filter allows whole cercariae
to pass through (1 %), and its surface does not
support the tails well. The total recoveries (whole
cercariae plus tails alone) do not reflect the consider-
able number of detached heads that were visible
on the filters but were not counted.
The continuous centrifuge sampled a fixed volume

regardless of the turbidity and, although it resulted
in lower recoveries (mean of 53.8±9.3%) than the
modified Rowan method, it tended to be slightly
more consistent. Filtration of the supernatant fluid,
or of an aliquot of the total recovery, could be

accomplished on a 47-mm filter and read in 3 mi
regardless of the volume sampled. Recoveries from
the supernatant increased as the turbidity increased,
an indication that the particulate matter may in
some way prevent the attachment of cercariae to
the buckets.
The overlay technique, although fairly consistent,

produced low recoveries (mean of 22.4±5.0%). Tails
alone formed a high percentage of the recoveries
(34.1 %), suggesting that the cercariae were either
attaching themselves to the equipment after sti-
mulation and were losing their tails, or else were
being broken by some physical process not connected
with filtration.

DISCUSSION

Direct filtration by the modified Rowan method
was both highly accurate and capable of sampling
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large volumes of water quickly (10 litres/min).
Where low turbidity and high stream velocity with
large particles in suspension occur together, simple
settling for a few minutes should significantly
improve the ease of reading, but without increasing
the volume filterable. Flocculation, when necessary,
considerably increases the volume filterable as well
as the ease of reading, but at the expense of accuracy.

Subsequent tests have indicated that addition of
the aluminium sulfate in two separate portions
5 min apart, rather than in one dose, increases the
turbidity reduction by 2%, and that waiting 1 hour
for the flocculant to settle may not be necessary.
Filtration volumes of 10 litres have been obtained
after only 30 min from flocculated water of 200 JTU,
a turbidity level higher than any that is normally
encountered in the field.
The loss of cercariae through flocculation may,

moreover, be tolerable. Rowan (1957) reported a
21 % net loss (flocculation loss only) but later
produced evidence of only 8% (Rowan, 1965).
The modified Rowan technique resulted in losses
of 16% net and 28% total (flocculation and sampling
losses) in the present tests. The chemical concen-
trations used in these tests were double those em-
ployed by Rowan, earlier tests having demonstrated
greater reductions in turbidity at these concentra-
tions, with no observable adverse effect on the
cercariae. Additional studies are needed concerning
flocculation techniques and loss of cercariae.

Direct filtration by Rowan's (1965) vacuum
filtration method, with a Buchner funnel and the
SX40A-25 filter, may also be used but with a loss
of efficiency, since cercariae and debris tend to
concentrate at the openings of the funnel pores,
filtration is slower than with the modified method,
and the sample water must be hand-dipped from
the stream.
With the continuous centrifuge, the lower recovery

accuracy is offset by consistency regardless of tur-
bidity and by reading standardization regardless
of the volume sampled. Examination of the super-
natant fluid was extremely easy and the recovery mo-
derate. Adaptation of the continuous centrifuge to
field use presents problems, particularly when
sample volumes larger than 100 litres are required.
Butler et al. (1967) and Olivier (1966) used delivery
rates less than, or equal to, 1 litre/min, and the rate
used by Barrett & Ellison (1965) is unspecified;
rates of 1.75 litres/min were used in the present
tests. A 100-litre sample would therefore require
a minimum of 1 hour to complete. Moreover,

Table 2. Estimates of the dilution of cercariae (cercariae/
litre)

Main river Lateral stream flow rate with 10 cercariae per litre
flow rate (litres/min)

(litres/min) 1 0 20 50 100

10 000 0.0100 0.0200 0.0500 0.1000

20 000 0.0050 0.0100 0.0249 0.0500

30 000 0.0033 0.0067 0.0166 0.0330

60 000 0.0017 0.0033 0.0083 0.0170

incomplete data (Olivier, 1966; Sandt, unpublished)
suggest that recoveries decline as the individual
sample volume increases. Further testing of the
continuous centrifuge should be aimed at increasing
its capacity and recovery accuracy, preferably with a
professionally engineered commercial model.
When the discovery of transmission foci is the

primary objective, low cercarial density downstream
from a focus may present problems (Rowan, 1965;
Sturrock & Sandt, unpublished data). Considerable
reductions in cercarial density can occur within a
short distance downstream, and for this reason the
importance of snail sampling should not be under-
estimated.

Studies on the interaction of cercarial density
and water velocity (Rowan & Gram, 1959; Radke
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Fig. 1. Estimated dispersion of cercariae at different
densities.
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et al., 1961; Webbe, 1965) have confirmed to some
extent the correlation between water velocity and
the worm burdens found in exposed animals, but
these studies were conducted at cercarial densities
higher than those normally found in nature. No data
are available on the epidemiological significance
of very low cercarial densities (< 0.01/litre) in relation
to cercarial and host behaviour, the area of human
body exposure necessary for infection, the dispersion
of cercariae, and rate of water flow in the stream.

In an attempt to understand more clearly the
significance of low cercarial densities, the dispersion
of cercariae at different concentrations was cal-
culated. Assuming a regular spatial distribution in
water (Southwood, 1966), the dispersion approxi-
mately doubles with a tenfold decrease in cercarial
density as calculated by the volume of a regular

tetrahedron (Fig. 1), with vim (V+ 3)/V = 1 (1 cer-

caria per unit volume, V = number of volumes).
With 1 cercaria at each apex, all cercariae are
theoretically equidistant from all adjacent cercariae,
with no unaccounted-for interstices. The dispersion
distances at cercarial densities of 0.1, 0.01, and 0.001
per litre are 44 cm, 95 cm, and 204 cm, respectively.
Under field conditions an input of 10 cercariae per
litre from a lateral stream into a major river, both
at varying flow rates, would theoretically produce
these low densities (Table 2). It will be seen that the
highest theoretical concentration under these con-
ditions is 0.1 cercaria per litre or 1 cercaria in 10
litres. The probability of detecting this concentration
by direct filtration is approximately 90%, or, with
flocculation, 70%.
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RISUMI

tTUDE COMPAREE, AU LABORATOIRE, DE QUATRE TECHNIQUES DE RtCOLTE DES CERCAIRES

La recherche des cercaires dans les cours d'eau exige
l'emploi d'une methode precise et permettant d'analyser
plusieurs centaines de litres d'eau independamment du
degr6 de turbidit6. Quatre techniques ont ete comparees
sous le rapport du nombre de cercaires trouvees, du
volume d'eau examin6 et de la facilit6 de lecture des
resultats dans des conditions simulees d'op6rations sur
le terrain: a) filtration directe sur papier filtre (Rowan);
b) filtration sur filtres en fibres de verre (methode deRowan
modifi6e; c) centrifugation continue; d) technique des
couches superpos6es (Sandt). On a proc6d6 a quatre
essais de chaque technique dans des conditions differentes
de turbidite: eau claire, turbidite de 5 unites Jackson
(JTU), 20 JTU et 200 JTU. Ils ont port6 en g6n6ral sur
un meme volume d'eau (7 litres), la densit6 des cercaires
de Schistosoma mansoni variant de 27 a 46 par litre.
Des essais de floculation ont 6t6 effectues conjointement
a la filtration directe sur des 6chantillons d'eau de turbi-
dit6 atteignant 200 JTU.
On a enregistr6 des taux moyens de recup6ration de

cercaires de 79,4% par la methode de Rowan modifi6e,
53,8% par la centrifugation continue, 25,9% par la
m6thode de Rowan et 22,4% par la technique des couches
superpos&es. Dans la filtration directe, le taux de filtration
est limit6 par la taille des particules qui, a partir d'une
certaine valeur critique, bloquent le filtre. On a obtenu
un volume maximal de 10 litres en eau claire avec la
technique de Rowan modifiee. La centrifugation continue
et la technique des couches superpos6es peuvent etre
utilis&es quelles que soient les variations de la turbidit6.
Le temps moyen de lecture par filtre est le plus court
pour la centrifugation continue (3,4 minutes) alors qu'il
atteint 5,6 a 8,4 minutes pour les autres techniques.
La filtration directe par la m6thode de Rowan modi-

fi6e se r6v6le comme un proc6d6 precis qui permet
l'examen de grandes quantit6s d'eau, surtout si on lui
adjoint un stade de floculation. La centrifugation continue
donne des r6sultats moins bons, mais plus constants,
qui pourraient etre am6liores par le perfectionnement de
l'appareillage.
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