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Additional geographical distribution of the Central European populations
of Schistosoma turkestanicum and the detectability of their eggs in droppings
were investigated in red deer samples, because this rare species had previously
been shown only in a single Hungarian habitat. Samples from visceral organs, in-
testinal contents, and droppings on the ground from 11 hunting areas of Hungary
were investigated to find a new presence of this fluke. Close to the first site of de-
tection in the Gemenc forest another habitat along the southern border of the
country was found where the parasite lives in red deer. Therefore, it is possible
that the worm also occurs in neighbouring Serbia or Croatia. Schistosoma turke-
stanicum causes a low-intensity infection in red deer and this host sheds low
amounts of eggs, therefore the eggs are difficult to detect. Droppings were cleared
by sedimentation, filtered by sieve screening and then the eggs were flotated us-
ing solutions with an increasing density of 1200 g/L, 1300 g/L, 1350 g/L, and
1400 g/L while they were being stained red with acid fuchsin. Eggs in fresh fae-
ces can be most efficiently separated from plant fibres using a flotation solution of
1350 g/L density, but in some cases eggs in old dung can be detected using a solu-
tion of a specific gravity lower or higher than that. By combining the advantages
of the three concentration processes, eggs of S. turkestanicum, which are more
recognisable by the red stain, can be found in samples in which they are present at
a density lower than 1/g.

Key words: Schistosoma turkestanicum, Schistosoma egg, red deer, faecal
parasite, flotation technique

Several species of tropical blood flukes within the genus Schistosoma
cause schistosomiasis (or, according to a proposal from the World Association
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for the Advancement of Veterinary Parasitology, more correctly schistosomosis;
Kassai et al., 1988), a long-term chronic illness affecting humans, livestock and
wildlife (Malek, 1980; Manson-Bahr and Bell, 1987; De Bont and Vercruysse,
1998; Utzinger et al., 2009; Agrawal, 2012). Some Schistosoma species infecting
animals are zoonotic (Malek, 1980; Rudge et al., 2008); therefore, studying ani-
mal schistosomiasis can improve understanding of the process of human infec-
tions and give insights into their prevention. Recently, Schistosoma turkestani-
cum Skrjabin, 1913, which lives mainly in ruminants, has become of particular
interest in Asia and Europe (Wang et al., 2009; Juhasz et al., 2016; Liu et al.,
2016). To date, studies of infections causing schistosomiasis in animals have fo-
cused on domestic cattle, sheep and goats (Massoud, 1971; Maleki et al., 1994).
Although to date no accounts of human schistosomiasis being caused by S. fur-
kestanicum have been recorded, the parasite is closely related to human blood
flukes and its larvae released from lymnaeid water snails may cause cercarial
dermatitis (CD) in humans (Wang et al., 2009; Aldhoun and Littlewood, 2012).
The condition of CD is caused by the penetration of non-specific cercariae result-
ing in an acute allergic reaction, presenting in maculo-papulo-vesicular eruptions
followed by intense itching, fever and a swelling of lymph nodes (Malek, 1980).
In some cases of CD there have been reports of anaphylactic shock due to con-
tinued exposure, and some experimental evidence suggests that there may also be
pathology beyond the skin with some agents of CD being able to affect the lungs
and also cause neurological problems (Kolarova, 2007). In many countries of
Asia CD caused by S. turkestanicum is considered to be an emerging public
health problem especially for people who work in water-covered lands, therefore
it is paramount to be able to monitor potential host animals to identify them as
reservoirs of S. turkestanicum (Lien et al., 1975; Liu et al., 1976; Sahba and Ma-
lek, 1979; Farahnak and Essalat, 2003). Cercarial dermatitis caused by the larvae
of S. turkestanicum was detected in Hungary (Juhasz et al., 2016) but we do not
know about any autochthonous human schistosomiasis in Hungary.

While the difficulties of diagnosing human schistosomiasis in most cases
can be solved through the combination of multiple test procedures or repetition
of patient examination (Chaia et al., 1968), blood fluke infections of live ani-
mals, especially wild animals living in their natural habitat, are more difficult to
detect. For this reason, Schistosoma infection of mammals is often revealed in
animals which are slaughtered at abattoirs (Agrawal and Alwar, 1992; De Bont
and Vercruysse, 1998; Makundi et al., 1998), eviscerated by hunters (Zakhryalov,
1978) or through the examination of animal carcasses (Witenberg and Lengy,
1966; Arfaa et al., 1995). This is usually the case with studies to detect S. turke-
stanicum infection (Massoud, 1971, 1973). However, in order to detect the pres-
ence of blood flukes in wild animals it is generally accepted to test droppings for
the presence of parasite eggs (Pitchford, 1976; Pitchford and Visser, 1981; Brant
et al., 2013; Cervena et al., 2016), as animals cannot be sacrificed for the sake of
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parasitological testing alone. In most cases, testing of the carcass of shot game is
also difficult because it cannot be obtained outside the hunting season, and the
internal organs are processed or destroyed promptly after hunting. In contrast,
theoretically the droppings of infected game always contain some parasite eggs,
so infection of the animal can be detected by testing such faecal samples.

Infection of red deer in Hungary with S. turkestanicum has been known
since 2002 (Majoros et al., 2010). This fluke of Asian origin was found only in
the southern part of the country, in the Gemenc forests which is a floodplain
along the river Danube. Despite the fact that S. turkestanicum occurs in the cen-
tral part of Asia in several domestic animals and several wild animal species
(Skrjabin, 1951), in Hungary it has only been found in red deer. In Asia there are
no reliable data on the infection of that host by this parasite although other deer
species were mentioned as definitive hosts for the worm (Skrjabin, 1951; Azimov,
1971; Zakhryalov, 1978). This is probably the only native mammalian blood
fluke in Europe (Lawton and Majoros, 2013); however, its distribution beyond
the forest of Gemenc and across the continent remains unknown. In order to in-
vestigate the area of distribution of S. turkestanicum in Hungary, we investigated
wild game in several hunting areas for the purpose of establishing the presence or
absence of the parasite. We endeavoured to identify worms and their eggs in the
internal organs of shot deer and in their droppings found in woods. Offal can on-
ly be obtained during the hunting season (September—January) but it is possible
to collect faecal samples from the ground all year round. Both types of samples
were used together to detect the occurrence of S. turkestanicum.

In some cases only a few small pieces of organs could be used for examina-
tion, which do not provide detailed information on the worm burden (i.e. the inten-
sity of infection) in the infected animals. Therefore, our focus was primarily on the
coprology tests of the droppings of game, which allowed us to determine the oc-
currence of S. turkestanicum eggs in those samples and to detect the infection in
certain deer stocks.

Usually the density of eggs found was lower than 1 egg/10 grams of fresh
faeces (unpublished observation). To find a very small amount of detectable eggs
in droppings, a really effective concentration procedure should be used. Here we
present a method that combines the benefits of filtration, sedimentation and flota-
tion procedures to make it easier to find S. turkestanicum eggs.

Materials and methods

Origin of the samples

Faecal samples of deer (and some from wild boars) were collected or ob-
tained from professional hunters at 11 different hunting sites across Hungary
(Table 1 and Fig. 1). In seven hunting areas (Gemenc, Karapancsa, Szekszard
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Hills, Zselic, Bakony, Szigetkoz, Nyirség) we were also able to examine internal
organs of hunted game, while in four places (Kis-Balaton, Pilis, Matra, Biikk) we
could only carry out tests on the droppings. Every sample was derived from for-
ested and marshland habitats where deer could wad into water or wallow in mud.
The investigations took place between 2010 and 2017, at irregular intervals. All
the samples of organs were collected from the carcasses of game during lawful
hunts or culling of game by wildlife management, therefore no ethical approval

was needed.
Table 1

Prevalence (%) of Schistosoma turkestanicum in pieces of livers and faecal samples of game
collected in 11 main hunting areas in Hungary

Investigated

Hunting areas in Hungary Investigated Investigated droppings or Investigated
from where the samples livers of livers of faeces from droppings of
were collected red deer fallow deer the gut of wild boars

deer species

1. Gemenc 50/176 (28.4)° 0/0 (0) 48/155 (30.9) 0/100 (0)
2. Karapancsa 3/32(9.4) 0/0 (0) 2/32 (6.25) 0/0 (0)
3. Szekszardi Hills 0/13 (0) 0/4 (0) 0/103 (0) 0/3 (0)
4. Zselic 0/2 (0) 0/8 (0) 0/10 (0) 0/8 (0)
5. Kis-Balaton 0/0 (0) 0/0 (0) 0/21 (0) 0/5 (0)
6. Bakony Mountains 0/9 (0) 0/16 (0) 0/23 (0) 0/16 (0)
7. Szigetkoz 0/17 (0) 0/0 (0) 0/48 (0) 0/0 (0)

8. Pilis Mountains 0/0 (0) 0/0 (0) 0/46(0) 0/0 (0)

9. Matra Mountains 0/0 (0) 0/0 (0) 0/20(0) 0/0 (0)
10. Biikk Mountains 0/20 (0) 0/0 (0) 0/36 (0) 0/0 (0)
11. Nyirség 0/3 (0) 0/1 (0) 0/4(0) 0/0(0)
Altogether 53/272 (19.5) 0/29 (0) 50/498 (10.0) 0/132 (0)

*Number of positive samples/Number of samples examined (percentage of positive samples). The
average of the detected prevalence of infection in 208 liver samples that came from two endemic
areas of Gemenc and Karapancsa is 24.58. Samples of fallow deer and wild boars did not contain S.
turkestanicum worms or eggs. In some cases droppings of deer usually could not be separated by
species

Examination of parts of internal organs

We received mostly frozen slices of liver and segments of the small intes-
tine. We could take samples from non-frozen offal three times. A total of 306
pieces of liver and intestine were investigated. The organs were cut into small
pieces of one to two centimetres, and the worms were washed out of the veins
with non-distilled tap water. The recovered S. turkestanicum specimens were
identified by their morphology according to descriptions by Skrjabin (1951),
Witenberg and Lengy (1967) and Azimov (1971).
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Fig. 1. Location of areas investigated for the presence of Schistosoma turkestanicum. The map
shows the localities of those hunting areas in Hungary from where the examined visceral or faecal
samples of deer were derived. ® = Schistosoma-infected areas, O = areas where the occurrence of

S. turkestanicum was investigated but has not been detected so far. The numbers and names next to
the circles show areas that appear in Table 1. Numbers in the circles represent the total number of
samples (organs + faecal samples) obtained from deer species (red deer and fallow deer) in the
given area

Small segments of liver washed with water were placed in a household
blender of 2-litre capacity and we made a suspension with tap water. Depending
on the amount of suspension, 200—300 millilitres of 80 g/L sodium hydroxide
(NaOH) was added to the suspension to achieve alkali concentration of approxi-
mately 1-2% in the mixture. The tissue suspension was then incubated at room
temperature for 15 to 20 h followed by a second incubation, being gradually
heated to +60 °C whilst stirring and then cooled to room temperature. The solu-
bilised tissue was filtered through a mesh screen with a mesh of 63 um aperture
[230 US mesh unit] in order to filter out the tissue residues larger than the size of
Schistosoma eggs. The filtered mixture was divided into conical glass bottles and
was allowed to settle. The sediment was inspected by a binocular compound mi-
croscope to find the eggs of typical shape.
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Collection and storage of faecal samples

Droppings of deer were collected in forests, thickets or frequently around
artificial feeding sites. The acquisition of fresh droppings is a challenge as faeces
can dry quickly upon contact with the soil, can become mouldy and start to de-
grade and is subject to freezing during the autumn and winter months. Droppings
were individually packaged in nylon bags and stored at +4 °C for later pro-
cessing. In some cases, we were able to collect faeces from the rectum of shot
deer. In a similar way we collected 132 droppings of wild boars from five hunt-
ing areas for comparison.

Sedimentation and staining of Schistosoma eggs in faecal samples

Each sample collected from the ground was soaked in tap water for one
day at +4 °C to soften. In case of faecal mass from the intestine, the soaking
phase was not required. The softened sample was mixed with water using a
household blender. The stirring lasted from 0.5 to 1 min, and then the suspension
was diluted with 3—6 decilitres of tap water until it became very fluid. The diluted
suspension was allowed to settle for at least 10 min in a bucket. After the 10-min
incubation period the supernatant was carefully poured off to remove the plant
fibres that floated on the surface or inside the water. The bucket was filled once
again with tap water and the supernatant formed after sedimentation was decant-
ed several times until the water above the sediment was clear.

The sediment was filtered through three sieves successively. A sieve with
180 um aperture [80 US mesh unit], a second sieve with 63 um aperture [230 US
mesh unit] and a third sieve with 37 pm aperture [400 US mesh unit] (Endecotts”
Ltd., London). The pellets collected on the surface of the last sieve were retained.
Using screens with mesh sizes of 63 and 37 pm, we removed plant particles much
larger than the S. turkestanicum eggs and those ones which are smaller than them.

The pellet on the surface of the third screen was washed with tap water in-
to a 200-ml glass and allowed to settle for at least 10 min. During this time, the
solid sediment settled down to the bottom of the glass, and sharply separated
from the water above it. Most of the water was discarded afterwards. According
to the recommendation of Pitchford and Visser (1975) we added 2-3 ml of 5%
acid fuchsin and 10-15 drops of 10% HCI solution to the small amount of sus-
pension that remained in the glass. (To prepare the stain solution 50 grams of ac-
id fuchsin was dissolved in 1000 ml acidified water to pH 5 with a very small
amount of hydrochloric acid, which stabilised the stain mixture, helped the dye
penetrate into the eggs and made their colour more intense.) Stirred with the dye
and hydrochloric acid the entire mixture turns to bright red and a part of the sed-
iment floats again on the surface.

In order to achieve the appropriate intensity of staining the debris had to
stay in the acidified stain for at least 2 h. The red suspension was then divided in-
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to 15-ml centrifuge tubes, centrifuged at 5000—6000 relative centrifugal force
(RCF) for 1 min, and then the red stain was poured off.

Flotation and microscopic examination of the eggs

The stained pellet was mixed with successive floating density flotation so-
lutions and centrifuged in each solution. At the top of the consecutive solutions,
more and more dense particles were collected. First a saturated saline solution of
1200 g/L was added in the bottom of the centrifuge tube to the pellet, mixed by
shaking and centrifuged again in the same manner as before. A thin layer of solid
particles was collected on the top of the solution but many of the particles again
sank to the bottom of tube. Particles on the surface of the solution were picked
up with a glass rod, smeared across the surface of a microslide and examined for
eggs with a binocular compound microscope. Removal of floating objects from
the surface of the solution was repeated several times.

After testing the floating debris fraction, the 1200 g/L solution was poured
off and a solution with a specific gravity of 1300 g/L was added to the rest of the
pellet in the centrifuge tube. This process was again followed by a centrifugation
step, and then the examination of the floating particles was done in the same way
as before. The whole process of mixing, centrifugation and examination of debris
was repeated again with 1350 g/L and 1400 g/L solutions, respectively. In this
way, the stained debris was examined successively with four solutions of differ-
ent specific gravity.

Preparation of flotation mixtures

The solution with 1200 g/L density was made of sodium chloride and water
only. Subsequent solutions of higher density were made from a mixture of saline,
sucrose, zinc sulphate and water, and their final densities were checked with a hy-
drometer. Those solutions which were prepared by mixing of the base solutions re-
tained their specific weight for a longer time than the component solutions.

Determination of the specific gravity of S. turkestanicum eggs

In order to determine the most appropriate density of the solution for flota-
tion of S. turkestanicum eggs, a larger amount of faeces was homogenised and
divided into 10 samples of 50 grams each. In this way we prepared 10 portions of
fresh deer faeces and 10 portions of such old droppings that had been on the
ground longer and were frozen. These 20 samples were tested in the same way as
the other faecal samples. The eggs found on the surface of the consecutive flota-
tion solutions were counted.
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The chance of finding the eggs by the investigation of a known amount of them in
prepared faecal samples

Schistosoma eggs collected from the fresh faeces of deer were added to
manure of cattle which was free of trematode infection and then we tried to de-
tect them in the prepared sample. At the first test, 3, 4 or 5 eggs were added to
each of the 10 different 5-gram subsamples of egg-free manure. (This low con-
centration of eggs was roughly equal with the amount of intact eggs in the very
fresh droppings). After sieving, sedimentation and flotation with the solution of
1350 g/L density, the eggs found were counted in each subsample.

Secondly, 200 g of old droppings of deer were mixed into 500 g of egg-
free cattle manure. The very exact amount of Schistosoma eggs in the deer faeces
used to make the mixture was not known, but we found that it contains in aver-
age less than one egg per gram and probably even less. Based on this, we esti-
mate that 10 grams of the mixed deer and bovine manure we have produced
could not contain more than 3 eggs, so the ‘eggs per gram’ (EPG) value was
about 0.3. Such a low concentration of eggs can frequently be expected in the old
droppings. This artificially prepared and homogenised mass of faeces was divid-
ed into 68 individual samples of 50 g each, and in these samples the eggs were
searched for according to the method described above.

Results

Distribution and supposed prevalence of S. turkestanicum in Hungary

Based on the examination of organs from a total of 208 deer only 53
(25.48%) were found to be infected with S. turkestanicum only in the southern
part of Hungary, in the Gemenc and Karapancsa forests (Table 1). No blood
flukes or their eggs were found in organs from the other sites (Fig. 1). The freez-
ing and defrosting of organs did not destroy the parasites, so the worms were of-
ten found still paired (Fig. 2). In many cases, only male S. turkestanicum speci-
mens were found in the livers. Some liver fragments also had Dicrocoelium den-
driticum and Fascioloides magna specimens which were particularly common in
deer living along the Danube River (Majoros and Sztojkov, 1994).

Fifty per cent of the livers infected with S. turkestanicum contained also
egg granulomas. Following the dissolution of the liver tissue by the diluted sodium
hydroxide, the eggs accumulated in the sediment (Fig. 3A). The inner contents of
the eggs were disintegrated and only their shells remained intact (Fig. 3B). We
did not count all the eggs precisely because the total number of worms in an in-
dividual could not be determined from a small piece of liver, therefore the exact
comparison of the amount of eggs and worms would not have been possible. The
number of worms found in one fragment was never over 100 but usually was 5—
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10 specimens. Since the size of the pieces was on average one-tenth or one-
twentieth of the livers, the maximum worm load (worm burden) of the deer was
estimated to be up to a few hundred worms at most. We have found the eggs of
S. turkestanicum in fewer animals than the worms themselves.

Fig. 2. A pair of Schistosoma turkestanicum (top) and a lancet fluke (Dicrocoelium lanceolatum)
shown for comparison (bottom). The worms were collected from the liver of the same host
individual. The length of the lancet fluke is 6 mm

Consistent with the occurrence of parasites found in the livers, Schistoso-
ma eggs were found only in droppings and intestinal contents of red deer in Ge-
menc and Karapancsa but not in other places (Table 1). In the samples collected
in the other nine hunting areas no S. turkestanicum eggs were identified. The av-
erage prevalence of S. turkestanicum eggs was 26.7% in the examined deer
droppings of the two infected areas, which is almost the same as the prevalence
observed by the examination of viscera. It is important to note that no Schistoso-
ma eggs were found in the 132 droppings of wild boar, but this fact does not ex-
clude the possibility that wild boars harbour a hidden (non-patent) infection by
this trematode.
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Fig. 3. The appearance of Schistosoma turkestanicum eggs during various procedures.

A: Low magnification of a group of eggs found in liquefied liver tissue. B: High magnification of
an unstained egg from dissolved liver tissue. Its shell is intact but its inner content is disintegrated.
C: A sole egg stained by acid fuchsin is well recognisable among the unstained plant debris. It is
still noticeable even at low magnification. D: The egg is clearly recognisable by its distinctive
shape when viewed at a magnification of at least 400 x. E: Within the intact egg frequently a
miracidium is visible which is slightly darker than the egg capsule. F: Due to its characteristic
shape, the stained egg on the surface of dense solutions can be recognised even when distorted by
the high osmotic pressure of the solution
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The improved method for the detection of S. turkestanicum eggs

Most of the plant fibres were removed by decantation and filtration. The
sieve with 63 pm mesh did not allow the large Fascioloides eggs to contaminate
the microscopic filtrate. The large number of liver fluke eggs in the faeces would
have made it difficult to find Schistosoma eggs.

The fraction of finely granulated faecal debris that was retained on the
sieve of 37 um mesh size consists of grains only which have a similar size to the
S. turkestanicum eggs. Among the homogeneous granules of approximately the
same size, the stained eggs were more prominent than they would have appeared
among different-sized particles.

Schistosoma turkestanicum eggs kept the red stain during repeated mixing
with the flotation solutions (Fig. 3C—F). Plant fibres are not stained or, if they are
stained to pale pink sometimes, they gradually lose their mild red tones in the
consecutive flotation solutions. The eggs among the grains of debris can be clear-
ly seen even at low magnification, e.g. when applying objective lenses with 10%
magnification (Fig. 3C). The application of low magnification is enough to see
red eggs; however, when using a higher-magnification lens, the typical shape of
the egg is more visible, making it easier to recognise (Fig. 3D).

The flotation study of 10 fresh faecal samples of the same quality and
quantity showed that most of the eggs can rise to the surface in a 1350 g/L (or
higher-density) solution. If they have already been removed from the debris by
solutions of lower density, the 1400 g/L solution can raise to the surface only a
small number of eggs (Table 2). There are also a small number of eggs that can
be found on the surface of the 1200 g/L or 1300 g/L solution. In the old drop-
pings there were far fewer eggs than in the intestinal content of hunted deer. The
density of eggs in the old droppings was found to be heterogeneous and highly
variable (Table 3). Based on this observation, the specific weight of intact Schis-
tosoma eggs in the fresh faeces falls between about 1.3 g/cm® and 1.35 g/em’;
however, the eggs may be much lighter or heavier in droppings that have been
exposed to the weather conditions for a long time.

Known amounts of eggs in the samples of prepared cattle manure were de-
tected with high sensitivity. From each of the 10 individual five-gram faecal
samples artificially inoculated with S. furkestanicum eggs the majority of the
eggs were recovered (Table 4). All samples were found to be positive by test
method described above; therefore, this test could detect the real prevalence of
the parasite in samples using the novel approach. A total of 44 eggs were added
to the 10 samples of facces. Twenty-four of the eggs, namely 54.5%, were recov-
ered. The average number of eggs in each gram of sample was 0.88 (EPG =
0.88). This result shows that Schistosoma eggs can be found by the method em-
ployed by us even if every gram of faeces contains only one egg or less on the
average.
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Table 4

Total number of Schistosoma eggs added to 10 equalised samples of negative (egg-free) cattle fae-
ces and the number of eggs recovered

Weight of faecal sample in grams Number of eggs added Number of eggs recovered
5 4 1
5 4 2
5 5 2
5 3 1
5 5 5
5 5 4
5 5 3
5 3 3
5 5 1
5 5 2
Total: 50 g Total: 44 Total: 24
Average: 4.4 eggs/sample Average: 2.4 eggs/sample

The detected prevalence of positive samples is 100%. The percentage of all recovered eggs is 54.54%

Using another approach we diluted and homogenised the dung of deer
with egg-free cattle manure in order to imitate the very low concentration of rec-
ognisable Schistosoma eggs at the same density at which they are frequently
found in droppings on the ground. In the mass of mixture the amount of eggs
roughly corresponded to that usually found in old droppings drying on the
ground. We divided the mixture into 68 individual subsamples that contained
probably an equal quantity of eggs as a result of the homogenisation. The sam-
ples contained no more than 0.3 eggs per gram, i.e. 15 eggs per 50 grams. We re-
covered eggs from 14 samples (Table 5). It seems that by the combined detection
method used by us it is possible to recognise the eggs in at least 25% of very old
droppings.

Discussion

Based on molecular studies on the occurrence of S. turkestanicum in Cen-
tral Europe, the parasite is most likely to be part of the long-established native
fauna of Hungary. It is probably not recently introduced by humans (Lawton and
Majoros, 2013), and most likely will infect not only red deer of the Gemenc for-
ests but also other hosts across Hungary. It would be possible to find these
trematodes in wild animals living in different parts of the country on the basis of
a large number of samples. With this focus, we set ourselves the goal of develop-
ing a method for diagnosing S. turkestanicum infection, which allows a large
number of samples to be examined throughout the year. Investigations should
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preferably be carried out in such a way that they are as independent as possible
from hunting activity. There are two reasons for this. Firstly, during the hunting
ban from January to September direct examination of deer’s body is not possible.
Secondly, during the winter hunting season it is much easier to collect droppings
in artificial feeding places than to obtain organs from eviscerated deer.

Table 5

Detected prevalence and numbers of eggs found in 68 faecal samples prepared by homogenisation
of several old droppings of red deer, diluted with egg-free cattle manure and repeatedly investigat-
ed in solutions of different specific gravity ranging from 1200 to 1400 g/L

Number of samples examined Number of eggs recovered
54 0
11 1
2 2
1 3

Each gram of homogenised droppings contained certainly less
than one S. turkestanicum egg. Subsamples of the homogenised
mass of dung weighed 50 g and most probably might have con-
tained 5-20 eggs. Altogether 14 samples (i.e. ~20.6% of the sam-
ples) were found to be positive by the repeated flotation (mean:
0.088; standard deviation: 0.06; coefficient of variation: 0.7)

Our results show that, in the areas where Schistosoma infection in deer
was confirmed by the examination of the visceral organs, S. turkestanicum eggs
could also be detected from the droppings, even if they were present only in
small quantities. By combining the advantages of the applied methods, it is pos-
sible to screen a large number of samples to detect the presence of Schistosoma
in large mammals of a given area regardless of hunting activity.

The investigated number of organs (and faecal samples) was not related
either to the size of the deer population in the area or to the number of animals
shot by hunters. On the basis of the examination of the organs, it was only possi-
ble to find the presence of Schistosoma in two areas of South Hungary, Gemenc
and Karapancsa (Fig. 1). These areas are close to the flood plains of Serbia and
Croatia, so it is likely that the parasite is also present in these latter countries.

The detected prevalence of worms in deer of Gemenc was 28.4% and,
based on the investigation of eggs in droppings, the prevalence of infection was
even a little higher (30.9%) in the same population (Table 1). Taking into con-
sideration two important facts, i.e. that we could investigate only a small piece of
organs from every animal and the infected individuals did not always shed eggs
with their faeces, the number of infected animals can certainly be supposed to be
higher than what we found. Therefore, it can be assumed that the true prevalence
of S. turkestanicum in deer living on the southern floodplains of the river Danube
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is between 20 and 50%, but the average number of worms in animals, which is
roughly equal to the intensity of infection, is likely to be low.

Schistosoma turkestanicum eggs can be detected reliably by solubilisation
of the liver tissue with sodium hydroxide. In each liver in which we found at
least 10—20 worms we could detect at least some eggs, but we could not find any
eggs in slices with only 1 to 5 worms. The dissolution of liver tissue with lye has
similar effects as artificial digestion (Smithers, 1960) which was also used to de-
tect eggs of Schistosoma bovis in the liver (Kassuku et al., 1985) and is a proven
method for detecting Schistosoma eggs also in faeces (Vohra and Agrawal, 2006;
Cherian and D’Souza, 2009). After treatment with sodium hydroxide, the shells
of the eggs remained intact and therefore the eggs remained recognisable despite
their internal dissolution (Fig. 2A—B). The Schistosoma eggs are usually embed-
ded in a coat of epitheloid cells and fibrous stroma (Yamagiwa, 1931; De Bont
and Vercruysse, 1998), which must be removed with an alkali (or enzyme) so
that the egg can be recognised. Solubilisation of the mucus or tissues even by hot
KOH could be effectively applied for detecting eggs of other schistosomes too
(Muraleedharan et al., 1976; Kassuku et al., 1985).

Unfortunately, it is difficult to detect the eggs of blood flukes in droppings
collected from the ground for a number of reasons. In our preliminary studies, it
was found that there are very few eggs in the intestinal content of those deer which
have more than 100 pairs of S. furkestanicum worms in the liver (unpublished ob-
servation). This is not surprising because in many cases very few eggs were found
in cattle in the case of bovine schistosome infection as well (Makundi et al., 1998).
It was found that the density of eggs in the faeces is not closely related to the
amount of worms present in the animals (De Bont and Vercruysse, 1998). Older
ruminants infected with a higher number of worms shed far less eggs than do
younger animals which carry a lower amount of worms, and even the shedding of
eggs is seasonal (Agrawal, 2012). Compared to the blood fluke infection of domes-
tic ruminants (i.e. cattle) in tropical countries, it seems that Hungarian red deer, for
unknown reasons, usually have even lower worm burdens, and therefore very few
Schistosoma eggs can be expected to be present in their faeces.

In the current study there were only a few eggs in droppings collected
from the ground. In most cases, only a single egg was found in lots of homoge-
nised and split faecal samples weighing 50 grams (Table 5) or 100 grams in other
studies conducted by us. In the old droppings the amount of eggs only occasion-
ally exceeded 1 EPG. This is such a low egg density that cannot be detected by
sedimentation or filtration methods alone. By methods that only use filtration and
sedimentation to concentrate the eggs, egg counts lower than 10 to 20 eggs per
gram were not detected (Pitchford and Visser, 1975). A detection method for the
eggs, which applied flotation after filtration and sedimentation, was more sensi-
tive (Teuscher, 1965); therefore, we combined the three methods for detecting
Schistosoma eggs.
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None of the eggs in droppings collected from ground were intact, and
some of them were broken and distorted. During the procedures used to concen-
trate the eggs, these damaged eggs behave differently to intact eggs, because their
specific weight, shape and constituents change during their stay in the decompos-
ing faeces. Because of decomposition, we have less chance to detect eggs in
droppings than to find them directly in the intestinal contents. Since the larvae in
the eggs are soon destroyed in the manure, we cannot efficiently detect the pres-
ence of schistosome eggs if we wait for the miracidia to hatch, although this pro-
cedure has been used for a long time to inspect human stool or animal excreta
(Terner, 1962; Goff and Ronald, 1980; Malek, 1980; Makundi et al., 1998;
Jurberg et al., 2008; Zhu et al., 2014).

Therefore, the eggs could not be detected in deer faeces by methods used
for examining the parasite content of human stool (Ritchie, 1948; Chaia et al.,
1968; Katz et al., 1970; Ebrahim et al., 1997) in case of such low egg concentra-
tions. For the same reason, we have not found the various methods previously
recommended for the detection of schistosome eggs in animal faeces sensitive
enough to detect eggs.

The principle of the sequential flotation we describe is based on the fol-
lowing considerations. We cannot always know in advance the actual density
(i.e. specific gravity) of the parasite we are looking for, but it is very likely that
most of them fall into a density range typical of them. Therefore, if we examine
the different density fractions of the sample one after the other, we will surely
find one in which the parasite occurs at a much higher frequency than in the rest.
In this way one can increase the probability of discovering the eggs in a sample.

As faecal samples contain so many particles of different density, it is im-
possible that only the eggs are aggregated on the surface of the salt solutions. Of
course, if only the densest solution is used for the flotation, all the eggs of worms
will raise to the surface, but in this case there is so much debris rising with them
to the surface that the eggs cannot be found among them. Therefore, it is advisable
to use at least four solutions of different density (1200 g/L, 1300 g/L, 1350 g/L
and 1400 g/L) to test the same sample, and thus to divide the floating debris into
four fractions. In doing so, at least one fraction is more likely to contain the eggs
than the others. During our investigations, the freshly shed, intact eggs (Fig. 3E)
were concentrated at the top of the 1350 g/L solution, but dead eggs in the old
dung appeared at similar frequencies on the surface of each flotation solution. It
is therefore recommended that each of the fractions of faeces assembled on the
surface of different density solutions be individually examined.

Rather than the chemical composition of the solutions used for flotation,
only their density is relevant for separation of the eggs. However, in the method
we propose, it should be ensured that the flotation solution should in no way be
alkaline but rather slightly acidic, because a hydrogen ion concentration above
pH 7 prevents the acid fuchsin from staining. In the current study we used com-
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mon salt (NaCl), sucrose, zinc sulphate of technical grade, and distilled water.
There were two important reasons why we did not use the pure solutions of these
chemicals but their mixtures. First, the solution of the mixed materials is more
slowly crystallised than the pure, saturated solution of their components, so the
formation of crystals in the drop of mixture started slowly after being placed on
the microscope slide. Secondly, the advantage of mixtures of substances that can
be mixed with one another without chemical reaction is that the suspended debris
can easily be transferred from one solution to the other without precipitation dur-
ing mixing. The wetting properties of the solutions are also the same, and the
grains in them do not adhere to each other. Therefore, the particles of the faecal
matter suspended within them are well separated from each other. A mild shrink-
age was observed on the eggs which floated on the consecutive solutions with
growing density (Fig. 3F). Shrinkage was not so disturbing that it would have
made impossible their recognition.

The consecutive flotations that followed the aqueous decanting, filtration
and staining of the faeces are considered to be suitable for the large-volume cop-
rology test of old droppings collected from the ground.

In conclusion: Far from its original Asian distribution the S. turkestanicum
blood fluke, being a parasite of red deer, has a natural habitat in the southern part
of Hungary but it may occur also elsewhere in Europe. A consequence of the low
worm burden in deer is that this host sheds few eggs in its faeces, therefore it is
hard to find them in the droppings; although these kinds of samples are suitable for
detecting the presence of the parasite in red deer populations. An effective method
is needed to concentrate the eggs of schistosomes in droppings to reveal the fact of
infection and to apply the eggs for other investigations, e.g. molecular works. Se-
quential flotation seems to be useful for detecting even very low amounts of eggs
in faecal samples. The recognition of eggs can be facilitated by counter-staining
with acid fuchsin.
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