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Direct filtration for recovery
of Schistosoma mansoni cercariae in the field
DONALD G. SANDT1

The recovery ofschistosome cercariaefrom natural waters has been limited by variations
in turbidity and in the accuracy of recovery with different techniques. A modification of
the Rowan vacuum paper filtration method employing a battery-operated pumping system,
a glass-silicone plate filter, and a specially designedfilter holder is described and evaluated.
Field tests on St Lucia indicate a mean filtration volume of 12.2 litres per filter at a mean
turbidity of 20.3 Jackson turbidity units. Overall, 86 % of the volumes filtered per filter
were in excess of 6 litres. Particle size, rather than turbidity, was found to be the main
factor influencing filter blockage, reading time, and accuracy. Recoveries of 0.01 cercaria
(Schistosoma mansoni) per litre sampled were obtained, but thepractical limit of the method
is considered to be closer to 0.1 cercaria per litre sampled.

The existing techniques for detecting schistosome
cercariae in the field include the methods of direct
filtration, mouse immersion, and phototaxis, which
were discussed by Rowan (1965), and the more
recent methods involving continuous centrifugation
(Barrett & Ellison, 1965; Olivier, 1966; Butler et al.,
1967) and field snail shedding (Butler et al., 1971).
With the techniques for detecting cercariae by

direct recovery, as distinct from those involving
mouse immersion and snail sampling, the primary
obstacle continues to be variations in water turbidity
(caused by rainfall, human activity, and biological
organisms), which interfere with the accuracy of
counting, reduce the sample size, and hence restrict
sampling to relatively clear water. With all the above
methods, moreover, cercariae are difficult to detect
at low cercarial densities. When cercarial density
is high, these techniques may be effective but even
then there is considerable variation in recovery
accuracy; the techniques thus become progressively
less reliable at the low cercarial levels that certainly
occur in nature and that have epidemiological
significance.

This paper describes a modification of Rowan's
(1965) vacuum paper filtration technique that is
designed to improve the accuracy of the method,
and reports its use in field tests in St Lucia, West

1 Formerly Special Staff Member, The Rockefeller
Foundation, on assignment to the Research and Control
Department, St Lucia (West Indies).

Indies, where Schistosoma mansoni is endemic. Data
from flocculation tests are presented in a companion
paper (Sandt, 1973).

METHODS

The direct filtration unit used in the field consists
of four main components: a filtration assembly,
a 12-volt automobile battery, a 21-litre measuring
carboy, and intake equipment.

Filtration assembly
The filtration assembly is a waterproof equipment

storage box, 49 x 29 x 19 cm, with a 12-volt DC
pump, a switch, and an ammeter (range 0-20 A)
mounted on the lid. The box is fitted with a carrying
strap, and inside are carried the filter holder, a
stop-watch, forceps, a data book, 6 turbidity sample
bottles, and various spare parts. A Petri-dish dis-
penser (100 mm diameter), with 1 filter per dish,
is built into the box so that new filters in Petri
dishes are withdrawn from the bottom and replaced
at the top after use.

Filter
In preliminary tests on St Lucia, the Schleicher &

Schnell (S&S) 404 filter paper selected by Rowan
(1957) was found to have several disadvantages: a
slow filtration rate (0.044 litre/cm2/min), marked
pore irregularity, rough texture, the need for nin-

2974 - 27-



D. G. SANDT

Table 1. Comparison of SX40A-25 and S&S 404 filters

SX4OA-25 S &S, 404
Characteristic (47 mm diameter) di4amemte

total filtration volume at 6 turbidities between 5 and 35 Jackson turbidity
units (litres) 54.1 30 a 47.450 b

cercarial retention at high flow rate (0.377 litre/cm2/min) (%) c 105.6 6.4

cercarial recognition by 5 readers (coeff. of variance) (%) 3.6 5.3

mean reading time with clear water (min) 2.33 2.62

stains iodine, ninhydrin ninhydrin

cost per filter US$.30a US$.01 b

a Filter size, 89 mm diameter.
b Filter size, 90 mm diameter.
c Calculated from an estimate of the number of cercariae introduced.

hydrin staining, and a long reading time. According-
ly, 28 different types of recently developed synthetic
filter material were tested for better overall per-

formance, ease of reading, and staining versatility.
The filter selected from these tests was the 89-mm-
diameter SX40A-25 (Pallflex Products Corp., Put-
nam, Conn., USA), which is constructed of fine
glass fibres with a silicone-resin binder and has
glass mesh reinforcement on the downstream surface.
Its performance is compared with that of the S&S
404 filter paper in Table 1.

Filter holder
The filter holder (Fig. 1) consists of the filter

support base, an " 0 " ring seal (8.9 cm diameter),
and a perforated upper chamber. It is constructed of

Fig. 1. Filter holder.

polymethyl methacrylate sheet and tubing, porous
polyethylene, and 1.0-cm threaded steel rods with
wing nuts.
When the pump is started, water is immediately

drawn into the upper chamber, where, because of
the increase in intake diameter from 1.3 cm to
8.3 cm, it forms a pool; the intake velocity is thereby
reduced, and a "water cushion" is created for
the cercariae. As the water then passes through the
perforated bottom plate, tiny whirlpools are formed
that act as individual centrifuges and pile the heavy
particulate matter in a webbed pattern on the filter
surface. The areas directly beneath the perforations
are left relatively clear, and these are the areas in
which cercariae are more easily found.
The controlled turbulence at the filter surface

also helps to minimize the breakage of cercariae
under high-flow conditions; the whirlpool effect
keeps the head and tail in close proximity if they
become detached. In laboratory tests on breakage,
defined here as the separation of the head and
the tail by more than the length of 1 cercaria, a
14.6% breakage rate was obtained with this filter
holder, compared with one of 82.6% for the Milli-
pore 9.0-cm filter holder. The breakage tests were

conducted at the high flow rate of 21 litres in 1.75
min (0.239 litre/cm2/min) with clear prefiltered water
so that no clogging occurred. In practice, filter
clogging reduces the flow rate progressively, and
hence the amount of breakage as well.

Pump
The Teel 1P580 12-volt DC self-priming pump

(Dayton Electric Manufacturing Co., Chicago, Ill.,

TOP wing nut

chamber
A 444 44 A.4-44
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USA) is used to provide suction filtration through
the filter holder. This pump, which can raise water
through 2.75 m and which has a filtering capacity
of approximately 10 litres/min, proved satisfactory
for routine field use. It is basically the same as
that modified by Rowan (1965) for use with a gaso-
line engine; the use of a 12-volt automobile battery
is considered to offer the greater starting reliability
needed for the 20-30 starts required in a normal
sampling day.

Either the standard impeller (1P596, 9-amp draw)
or the high-pressure impeller (P100 3, 12-amp draw)1
can be employed. The latter is preferable because it
permits higher filtration rates under load and quieter
operation, but the greater blade friction involved
causes occasional starting difficulties, especially
after long operation in the sun. The situation can
be remedied either by loosening the cover temporarily
or by removing (symmetrically) 3 of the 12 impeller
blades; lubricants have proved unsuccessful.
The 0-20 A ammeter is valuable as an indicator

of normal operation, filter clogging, and impeller-
blade breakage.

Automobile battery
The smallest available 12-volt automobile battery

serves as the power source. Its 32-Ah rating theo-
retically should provide 2.7 of continuous operation
with the high-pressure impeller and 3.6 h with the
standard impeller; in practice, the mean operation
time has been 22.5 min per day, with a maximum of
43.0 min. The battery is recharged at night on a
trickle charger. If the battery is considered too
heavy (11.8 kg), a lighter (2-5 kg) nickel-cadmium
battery, or a 3.6-kg gasoline engine, could be used.

Carboy
The carboy is a 21-litre polyethylene jerrycan

graduated at 2-litre intervals, whose translucence
allows direct reading of the volume sampled to the
nearest litre. The maximum sample that can be
taken on any one filter is 21 litres.

Intakes
Two types of intake have been designed, one for

deep water and the other for shallow water (Fig. 2).
The deep-water intake, which is used more often,
consists of a brass check valve (1.3 cm diameter)
with a nylon elbow (1.9 cm diameter) fitted to

1 The high-pressure impeller is supplied only on request.
Purchase of spare impellers and gaskets (3MPU-12) is
advisable.
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Fig. 2. Deep-water and,shallow-water intakes.

the intake side. This unit is attached by an adjustable
clamp to a steel rod, 61 cm long and 1.3 cm in
diameter. The site is not disturbed appreciably either
by its insertion or as a result of backflow. The rod
can be pushed into the river or stream bed and the
height of the intake adjusted as required.

In water between 2.5 cm and 7.6 cm deep the
shallow-water intake is used. It consists of a poly-
methyl methacrylate disk (11.4 cm diameter, 0.3 cm
thick), to the centre of which is attached a solid
plastic rod (7.0 cm diameter, 5.1 cm long). A cross
with arms 1.3 cm long is drilled in the base of the
rod, and a vertical exit port (1.3 cm diameter) leads
from the centre of the cross; a horizontal exit port
is provided 3.8 cm above the base. One exit port
is always stoppered, depending on whether the
sample is drawn out vertically (from a bridge over
the stream) or horizontally (from the side of the
stream). A circular baffle (2.5 cm high, 9.0 cm
diameter) forms a channel 0.6 cm wide around
the 4 intake orifices; the necessity for the water to
pass over the baffle prevents debris being drawn in
from the bottom of the stream. Outside the baffle
is a circle of lead for stability. Water less than
2.5 cm deep cannot be sampled unless a pool is
dug or other special means are employed.

Turbidity

Turbidity is measured with a Hach DR colori-
meter, calibrated in Jackson turbidity units (JTU),
which in practice are equivalent to ppm of suspended
silica, the calibration standard of the Jackson candle
turbidimeter. Both techniques measure the light
absorption by suspended particles and/or a coloured
liquid. Since only particulate matter is involved in
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filter blockage, a total reading is taken and also a
filtered-water reading; the former minus the latter
gives a measure of the particulate matter trapped
by the SX40A-25 filter, and is referred to in this
paper as the particulate turbidity.

Operation
For reasons of convenience and safety, field

sampling is always carried out by two operators.
The intake is put into place first, so that any dis-
turbed debris can settle while the rest of the equip-
ment is being assembled. The intake is then connected
directly to the pump with a 3.5-m plastic hose,
and raw water is passed through for 5-10 seconds
to clear the system, before a turbidity sample
is taken.
The pump is then stopped and the filter holder

is placed in the system. When the pump is restarted,
the filtered water passes directly into the calibrated
carboy. If the flow into the carboy becomes laboured
and is reduced to a broken stream, filtration is
stopped by removing the rubber stopper in the
filter-holder top; this breaks the suction and allows

complete drainage of the holder. The duration of
the actual filtration is measured with a stopwatch.
The filter is finally removed and placed in a numbered
Petri dish with a few drops of Lugol's iodine, which
both kills and stains the cercariae.

In the laboratory the filter is transferred to a lined
Petri dish containing a few drops of iodine and is
oriented so that the glass-mesh grid of the filter
reinforcement is at a 450 angle to the scanning
lines. The filter is examined with a dissecting micro-
scope at x 20 magnification with transmitted light.
The cercariae appear red against an amber back-
ground.

FIELD TRIAL

General description
The field trial with the modified method was

conducted in March 1970; since rainfall was low
during the month, no excessively high turbidities
were encountered and trial conditions were therefore
probably optimum. The 41 sampling sites used ranged
from small lateral streams (10 litres/min) to the
main Cul-de-Sac River (31 500 litres/min), and in-
cluded 4 sites in which S. mansoni-infected snails
were known to be present.

Five filter samples were taken at each site; the
first, third, and fifth filters were run for the period
of time needed for a filter to become completely
clogged at the given site (total clogging time, TCT),

and the other 2 filters were run for exactly half that
time (1/2 TCT).
The objectives of the trial were fourfold: (1) to

determine the total water volume that could be
filtered at different natural turbidities; (2) to deter-
mine whether a relationship exists between total
volume filtered and either the total or the particulate
turbidity; (3) to record the time taken to read the filter
and the accuracy of recovering S. mansoni cercariae,
and to determine whether the less debris-loaded
1/2 TCT filters were superior in these respects to
the TCT filters; and (4) to determine the minimum
sample size needed to detect S. mansoni cercariae
at natural field densities.

RESULTS

The results are shown in Table 2. The mean total
volume filtered was 12.2 litres/filter (range 2-21
litres) at a mean total turbidity of 20.3 JTU (range
8-75 JTU). Of all the sample volumes, 86% ex-
ceeded 6 litres/filter (60% exceeded 10 litres, 40%
exceeded 15 litres, and 23% exceeded 20 litres).
Filtration at 1/2 TCT resulted in 63.1% of the total
volume being filterable.
The volume of water filtered was not clearly

related to either the total or the particulate turbidity
(Fig. 3). Variation in the volume filtered of as much
as 17 litres per filter occurred between 2 sites with
identical turbidity, regardless of the turbidity
measurement method used. Particle size rather than
quantity was an important factor in filter clogging, as
verified by later tests (Fig. 4); fine silt, for example,
proved more deleterious than larger sand grains.
The volume filtered cannot, therefore, be easily
predicted by measuring either the particulate or the
total turbidity prior to actual sampling.

- TOTAL
o PARTICULATE

20.

10 .

0 10 20 30 40 50 60 70 80 90 100
TUPBIDITY (JTU)

WFlO 20798

Fig. 3. Filtration volume per filter (89-mm SX40A-25).
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Table 2. Results of field trial with modified direct filtration method at 41 sampling sites, St Lucia, March 1970

Turbidiy .Filtration Filtration Filter S. mansoniTurbidity volume time reading time cercarial recovery
Site (J) (litres) (s) (min) (cercaria/litre)

Total Particulate TCT a 4 TCT TCT 'A TCT TCT 'h TCT TCT 'A TCT

All sites:

mean 20.3 8.5 12.2 7.7 98.8 49.9 4.8 4.4 - -

(±14.2) (±8.9) (±6.4) (±3.4) (±43.2) (±21.1) (±1.8) (±1.2)

range 8-75 0-45 2-21 2-13 30-180 15-90 2.7-10.3 2.2-7.9 - -

4 sites with S. mansoni cercariae

mean 16.7 4.3 12.7 8.3 105.6 53.7 6.9 5.8 2.57 2.52

(±7.6) (±3.6) (±4.7) (±2.9) (±34.9) (±17.9) (±2.0) (±1.4)

range 8-33 1-12 6.0-18.7 4-12 48-142 25-70 4.0-10.3 3.7-7.9 0.05-8.0 0.0-6.8

a TCT = total clogging time. b On 2 occasion!

The time taken to read each filter varied consi-
derably (2.2 min-10.3 min), but surprisingly not
always in direct relation to turbidity (see Sandt, 1973).
At the higher turbidities, reading tended to be easier
because fine silt from pool samples produced a
smooth, homogeneous, flat coating on which the
cercariae were easily seen; and in running-water
samples, the filter clogged before enough large
particles had been trapped to obscure the cercariae.
The most difficult filters to read were those from sites
with a high water velocity and medium-to-low turbi-
dity caused by large particles, because these samples
did not clog the filters as readily as those with high
turbidities. For filters with no cercariae, the reading
time averaged 4.0 min at turbidities exceeding 20
JTU and 4.6 min at turbidities of 20 JTU and under.
The discrepancy between filters with and without
cercariae was even greater: 4.3 min as against
6.9 min.
The reading time for the 1/2 TCT filters (4.4 min)

was only slightly shorter than that for the filters
run at full capacity (4.8 min). Furthermore, the
mean cercaria recovery rates per litre sampled were
almost identical (2.52 and 2.57, respectively), al-
though on 2 occasions 1 and 2 cercariae were found
on the TCT filter when none were found on the
1/2 TCT filter. These results do not justify the extra
effort and expense involved in obtaining the 1/2 TCT
filters.
The information obtained concerning the mini-

mum sample size is rather inconclusive because
only 4 sites with S. mansoni cercariae (confirmed by

s, cercariae were found on the TCT filters but not on the 'A TCT filters.

mouse exposure) were sampled in the field trial.
As shown in Table 3, the sampling of these sites
during March, and subsequent continuous sampling
until January 1971 of these and 2 other sites (includ-

Fig. 4. Filter clogging in relation to particle size (47-mm
filters).
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Table 3. Sample size in relation to number of S. mansoni cercariae recovered; data
from March 1970 field trial and subsequent routine sampling through January 1971

Sample Total No. of Cecra TolSample volume filtered cercariae Cercariae turbidity Site
(litres) recovered per itre (JTU)

1

2

3

4

5

6

7

8

9

10

11

12

13

14a

15a

16

17

18

19

20

21

22 a

23 a

24

25 a

26a

27 a

28 a

29a

30

31

5

8

8

9

10

12

16

17

18

18

22

24

25

26

26

27

27

34

35

35

37

42

54

59

61

62

70

73

80

97

105

721

822

5

272

34

8

343

1049

1067

2

20

8

24

10

8

15

4

225

41

2

25

466

335

27

126

469

144.20

102.75

0.62

0.11

27.20

2.83

0.50

20.18

58.28

59.28

0.09

0.83

0.32

0.04

0.92

0.37

0.30

0.44

0.03

0.11

6.08

0.98

0.04

0.42

7.64

5.40

0.39

1.73

5.86

0.01

0.01

145

24

41

15

20

16

23

18

23

30

32

33

24

12

15

15

15

55

25

33

14

14

15

18

12

8

10

H 12B

H 12A

H 19

H 17

H 12A

H 12A

H 17

H 12A

H 12B

H 12A

H 17

H 17

H 19

H 19

H 12A

H 12A

H 12A

H 17

Morne Panache

H 17

H 12B

H 12A

H 17

H 17

H 12B

H 12B

H 12B

H 12B

H 12B

Cul-de-Sac River

Cul-de-Sac River

a Field trial.

ing Cul-de-Sac River), yielded 5 instances in which
only 1 cercaria was recovered in sample volumes
ranging from 9 litres to 105 litres and a mean
apparent cercarial density of 0.04/litre (range 0.01-
0.11). Assuming an 80% accuracy with this technique
(see Table 3 and Sandt, 1973) because of variations

in water conditions, sampling losses, and reading
inaccuracies, the absolute accuracy of the recovery
of cercariae would lie around 0.05/litre or 1 cercaria
in 20 litres under all conditions.

It should be noted that many cercariae other than
S. mansoni were located at the field trial sites. In

32



RECOVERY OF S. MANSONI CERCARIAE

fact, it was unusual not to find other cercariae, most
of which were smaller than S. mansoni and con-
siderably more numerous.

DISCUSSION

The modifications of Rowan's vacuum paper
filtration technique described in this paper are
concerned principally with the filter and the filter
holder. The disadvantages of the S&S 404 paper
filter used by Rowan include the very irregular
pore size, which allows cercariae to pass through,
and a rough surface texture, which prevents the
cercariae from lying flat. To minimize these effects,
a very slow rate is required, and this in turn necessi-
tates the use of a large-diameter filter in order to
filter a practical field volume quickly. The need for
ninhydrin staining also presents problems, since
staining quality tends to be variable and drying
distorts the cercariae. Reading is also difficult.
The SX40A-25 filter offers advantages in all these

respects. With its very regular pore size it traps
100% of the cercariae (including individual heads
and tails) without a reduction in the volume that
is filterable, and its smooth flat surface permits
greater quantitative accuracy and easier reading.
The high flow rate (maximum 0.20 litre/cm2/min)
obtainable with this system in the field allows several
sites to be sampled during the peak cercaria-shed-
ding period (Rowan, 1958); the samples can be
taken in the morning and read the same afternoon.
Either ninhydrin or iodine stain may be used, al-
though iodine is the simpler and more reliable and
makes it possible to restain a sample if necessary by
wetting it with water alone. These advantages are con-
sidered to offset the higher cost of the SX40A-25 filter.
The filter holder is designed to operate at the

high flow rate of which the filter is capable and to
miminize the breakage of cercariae. It is more
efficient than the Millipore holder in this respect
and considerably less expensive.

Where the water depth is less than 7.6 cm, the
deep-water intake causes turbulence at the full flow
rate, and this stirs up the bottom and results in
unnecessary turbidity. Deepening the water by
digging a pool often solves this problem, unless
the bottom is hard or the stream flow rate is so
slow that the water does not clear again in a reason-
able time. In such cases the shallow-water intake is
used, or the intake hose is pinched by hand to restrict
the flow through the filter holder.
Routine field sampling has shown that the modi-

fied system is capable of recovering cercariae at very
low densities (0.01/litre) when the turbidity is low.
The practical limit of the technique, however, is
probably closer to 0.1/litre, taking into account nor-
mal turbidity variations and reading inaccuracies.
To help bring some degree of order to the sampling

procedure and prevent the filter reader being over-
whelmed, a highly arbitrary sampling rule is currently
being followed. Once a site has been categorized for
normal flow rate, either a given total sample volume
or a maximum number of filters is taken, whichever
limit is reached first. Usually the minimum sample
volume per filter is set at 6 litres (10 litres for rivers)
or the site is not sampled at all.
The paradoxical reading times at different turbidi-

ties suggest that allowing the sample to settle before
filtration might improve the readability of the filters
even though it wouldnot increase thevolume filterable.
The presence on St Lucia of cercariae other than

those of S. mansoni has not been a problem, because
differentiation was easy. In Africa, however, where
both S. mansoni and S. haematobium occur, this
might not be the case. It is possible to recover
living cercariae with the present technique by reduc-
ing the flow rate and transferring the filter immediately
to a small volume of water for subsequent mouse
exposure (Olivier, 1966; Sturrock, 1970). This proce-
dure, which has not been fully explored, would be
useful where mouse immersion at the site is
impracticable.
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RJ2SUME
FILTRATION DIRECTE POUR LA RECOLTE DES CERCAIRES DE SCHISTOSOMA MANSONI

DANS LES MILIEUX NATURELS

L'auteur decrit une variante de la methode de filtration
de Rowan destin6e A r6colter les cercaires et rapporte
les r6sultats d'essais pratiques effectu6s A Sainte-Lucie
(Indes occidentales) oiu existe Schistosoma mansoni.

Les principales modifications consistent en l'emploi de
filtres en fibres de verre, d'un diametre de 89 mm, et
d'un support de filtre, en Plexiglas et polyethylene poreux,
comportant A son sommet une chambre perforee. Lorsque
la pompe est mise en action, l'eau penetre d'abord dans
cette chambre, puis est chassee par les orifices vers le
filtre en creant de minuscules tourbillons qui rejettent les
grosses particules en suspension vers la periph6rie. Les
parties du filtre situ6es sous les orifices restent relativement
propres et on y trouve le plus facilement les cercaires.
La pompe a une hauteur de refoulement de 2,75 m et une
capacite de filtration de 10 litres/min en eau claire. Deux

types de prise d'eau sont utilises selon que les pr6lvements
sont effectues a faible ou 'a grande profondeur.

Les essais pratiques ont eu lieu en mars 1970 en
41 points d'6chantillonnage offrant une gamme de debits,
depuis les petits affluents (10 litres/min) jusqu'au Cul-
de-Sac (31 500 litres/min); quatre de ces endroits abri-
taient des populations de mollusques infectes par S. man-
soni. Les echantillonnages ont porte sur un volume moyen
de 11,2 litres par filtre, la turbidit6 moyenne atteignant
20,3 unit6s Jackson. Le volume d'eau ffltre n'etait pas
directement fonction du degr6 de turbidite d6termin6 par
colorimetrie, mais plutot de la taille des particules.
Le temps de lecture des filtres, pour l'identification des
cercaires, a varie de 2,2 a 10,3 min par filtre. On a recueilli
de 0,01 a 144,20 cercaires de S. mansoni par litre d'eau
ffltre.
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