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ABSTRACT

Endoparasites have the potential to cause significant
health problems in humans and other animals. Conse-
quently, particularly the endoparasites of a zoonotic na-
ture are of great interest to health authorities and scien-
tists. This study investigated the prevalence of different
intestinal parasite species of carnivores kept in captivity.
Altogether 36 pooled samples of faeces obtained from
individual animal enclosures from the Neunkircher Zoo
and Wolfspark Werner Freund in Germany were exam-
ined. The samples were analysed by means of a flotation
concentration method with the use of Faust and Kozak-
Magrova solution. Out of a total of 36 samples, 19 were
positive for endoparasites (52.78 %). Furthermore,

13 out of 19 positive samples were protozoans (68.42 %).
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INTRODUCTION

Zoological gardens and animal parks display wild ani-
mals for recreational and educational purposes but also
play an important role in the conservation of species,
particularly the rare and endangered ones [18]. In their
natural habitat, wild animals have large areas available to
them. Their exposure to parasitic infections is, therefore,
fairly low and they have consequently a low genetic resis-
tance against parasitic infections. When groups of these
wild animals are kept in confined space and many captive
animal species are housed in close proximity to each other,
the problem of parasitic infections can become aggravated
and pose a serious threat to the animals; occasionally caus-
ing sudden local fatalities [16].

The occurrence of parasites in animals housed in zoos
varies according to the type of husbandry, parasite pro-
phylaxis and type of parasitic treatments. Usually, captive
animals in zoos do not show alarming signs of parasitism if
deworming is carried out regularly [18]. In addition, cap-

tivity animals are often under considerable stress, which



further diminishes their resistance to parasitic infections.
One should also consider the impact of environmental
changes on the zoonotic disease risk, which is mostly the
subject of speculation and lacks a coherent framework for
understanding environmental drivers of pathogen trans-
mission from animal hosts to humans [3].

Endoparasites have the potential to cause a significant
health problem in humans and other animals. Particularly
endoparasites with a zoonotic nature are of great interest to
health authorities and scientists [3, 6].

In the study by Khatun etal [10], 60 % of the ani-
mals (72.7 % of carnivores) at Rangpur Recreational Gar-
den and Zoo in Bangladesh were found positive for gas-
trointestinal parasites. Other authors reported similar [18],
higher [5, 17] or lower [14] prevalence, but the prevalence
always ranged between 40.4 and 76.6 %. In all animals, ex-
cept primates, the prevalence of helminth infections was
higher than the prevalence of protozoan infections, similar
to other studies [18].

In this study, faecal samples of carnivores from a zoo
and a wolves park in Germany were investigated for intes-
tinal parasites in order to obtain information on the preva-
lence of endoparasites in captive-held carnivores in these
facilities. Such an assessment should involve the conse-
quences the parasite has on the host itself, its transmission
abilities and its role in public health [13]. As environmental
factors play an important role in the occurrence of parasites
[20], the cleaning and feeding regime of the animals should
also be mentioned.

In the zoo, various species of carnivores were kept:
yellow-throated martens (Martes flavigula), slender-tailed
meerkats (Suricata suricatta), raccoons (Procyon lotor),
snow leopards (Uncia uncia), asiatic wild dogs (Cuon alpi-
nus) and bush dogs (Speothos venaticus).

The Wolfspark Werner Freund kept 4 Canadian wolves
(Canis lupus lycaon), 4 Mongolian wolves (Canis lupus
chanco), 3 Swedish wolves (Canis lupus lupus) and 10 arctic
wolves (Canis lupus arctos), which were divided into one
4-wolf and two 3-wolf packs. All of the groups had their
separate enclosures, spread across 7 hectare of the forest.
A pronounced focus of this park is to keep the animals un-
der as natural conditions as possible.

An important difference between the animals in the zoo
and the wolves park is, that the zoo animals have contact
with a higher number of different people (zoo keepers),

while the wolves are only in direct contact with two people.

Another difference is that the zoo animals receive an-
ti-parasitic treatment every spring and autumn while the
wolves are treated with anti-parasitic as puppies and as
adults, they will only receive such treatment when spe-
cific symptoms indicate a higher infestation with parasites,
causing health problems to the animals.

The aim of the study was to get an impression of the
current endoparasitic situation in relevant and often-over-
looked animals, as those can potentially reflect a zoonotic
risk. As a result, a more precise anti-parasitic treatment can
be instituted, helping to protect the environment, the ani-
mals and counteract resistance development against anti-
parasitic products, hence improving the management of

the endoparasites.

MATERIALS AND METHODS

In this study, 36 pooled faecal samples of carnivores
from the Neunkircher Zoo and the Wolfspark Werner
Freund in Merzig in Germany were investigated for intes-

tinal parasites.

The feeding and cleaning regimens

The yellow-throated marten was fed a diet composed of
small mammals, birds, insects, nuts and fruits, once a day.
The enclosure was cleaned every 2—3 days. The slender-
tailed meerkats received three times a day mainly an insec-
tivorous diet with an addition of small mammals and some
plant material. Their enclosure was cleaned once a day. The
raccoons were fed once a day, mainly an insectivorous and
plant based diet with fruits and nuts. Occasionally, also fish
and eggs might be included in their diet plan. As with the
martens, the enclosure was cleaned every 2—3 days. The
snow leopards were fed once a day as other solitary mam-
mals and birds. They were not fed one day a week. The en-
closure was cleaned once a week. The pack of Asiatic wild
dogs were fed mainly mammals. Additionally, they also
receive some insects and fruits. As with snow leopards,
they were fed once a day, while they did not receive any
food for one day a week. Their enclosure was cleaned every
1—2 weeks. The bush dogs were fed mammals, particular
rodents and birds. As with the previous 2 animals, they did
not receive any food one day a week and their enclosure
was cleaned every week once.

The wolves were kept as close to their natural condi-
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tions so they were not fed every day. The time span between
their meals depended on the size of the previous meal. They
received animals from hunters and forest rangers (mainly
deer), farmers (cattle, sheep, goats) and some local private-

ly owned animals such as horses. Pigs were not fed.

Collection and processing of samples

The samples were collected in April 2017 and Novem-
ber 2017. Multiple samples were collected from each indi-
vidual enclosure in a plastic bag and stored individually at
4 °C. The pooled samples were evaluated within 24 hours.
For analysis of all samples, we used the flotation concentra-
tion test with zinc sulphate solution (Faust solution—spe-
cific gravity 1.18 g.cm™?) for the presence of protozoan cysts
(Giardia duodenalis) and Kozak-Magrova solution for the
presence of protozoan oocysts and helminth eggs [12].

For the flotation concentration method with zinc sul-
phate solution we mixed 5—10 grams of a composite fae-
cal sample with 20—30 ml of water to make a semi-solid
suspension. The suspension was filtered through a plastic
sieve into a beaker and the filtrate was transferred to two
tubes which were centrifuged for 2 min at 2500 rpm. Sub-
sequently, the supernatant was poured off from both tubes.
To the remaining pellet on the bottom of one tube we add-
ed Faust solution (zinc sulphate solution) up to 1/3 of the
tube volume and to the second tube we added Kozak-Ma-

grova solution. The content of both tubes were mixed and

centrifuged at the same setting as above. Using a parasito-
logical loop, we picked up 3 drops from the solution sur-
face, transferred them onto a clear glass slide and examined
under a light microscope Olympus Model BX41 (Japan).
For detection of cysts of Giardia duodenalis the drops were
covered with a cover slip and also observed under a light

microscope.

RESULTS

Out of a total of 36 samples, 19 were positive for endo-
parasites (52.78 %). The results are summarized in Table 1.
Thirteen out of 19 positive samples were of protozoan ori-
gin (68.42 %).

Out of 6 samples from the yellow-throated martens,
1 was positive for Ancylostoma spp. (Fig. 1). All 6 samples
from the slender-tailed meerkats, were positive for Cys-
toisospora spp. From the 6 samples obtained from rac-
coons, 3 were positive for Cystoisospora spp. (Fig. 2). The
5 samples from the snow leopard, included 3 positive sam-
ples for Toxocara cati (Fig. 3) and 1 for Ancylostoma spp.
Of the 3 samples from the asiatic wild dog, 2 were positive
for Sarcocystis spp. Two samples originated from the bush
dog (Speothos venaticus) and both were positive for Sarco-
cystis spp. From a total of 8 samples obtained from wolves

only 1 sample was positive for Trichuris vulpis.

Table 1. Number of positive samples for each animal and species of endoparasites found

Animal Species Number of samples

Number
of positive samples

Species
of endoparasites

Yellow-throated marten

(Martes flavigula) 6 1 Ancylostoma spp.
Slender-tailed meerkat 6 6 Custoisosnora s
(Suricata suricatta) 4 pora spp.
rocron 6 3 Cystoisospora s
(Procyon lotor) 2 P pp.
Snow leopard 5 3 Toxocara cati
(Uncia uncia) 1 Ancylostoma spp.
Asiatic wild dog .

(Cuon alpinus) 3 2 Sarcocystis spp.
Bush dog _
(Speothos venaticus) 2 2 Sarcocystis spp.
Wolves o .
(Canis lupus) 8 1 Trichuris vulpis
TOTAL 36 19
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Fig. 1. Ancylostoma sp. egg with larva in a yellow-throated marten.
Magn. x100

Fig. 2. Cystoisospora sp. oocyst in a raccoon.
Magn. x100

Fig. 3. Toxocara cati eggs in a snow leopard. Magn. x20

DISCUSSION

A total of 52.78 % of the samples were positive for one or
more endoparasitic species, from which 68.42 % belonged
to protozoa. In the study by Khatun etal [10] 72.7 %
of the carnivores were found positive for gastrointestinal
parasites. Higher (97.3 % and 89.3 %) and lower (50 %) in-
fection rates were found by other authors [14, 15] ).

It is interesting to notice that all samples from the meer-

kats were positive for Isospora spp. This can be explained by
the fact that in general higher occurrences of this parasite
appear in younger animals [8, 11], which correlates with
the constitution of the clan, as more than half were only
14 months old at the time of the collection of the samples.
With regard to the zoonotic risk, particularly Ancy-
lostoma spp., Toxocara spp. and Sarcocystis spp. should be
noticed. Ancylostoma spp. is commonly known as a hook-

worm. Pathogenesis arises from mature adults, grasping
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plugs of intestinal mucosa with their toothed buccal cap-
sule, to feed from blood (approximately 0.1 ml blood/day)
[22]. Pathogenesis is displayed as acute or chronic haem-
orrhagic anaemia, particularly in young animals as older
animals can often compensate for the anaemia to a certain
degree. Yet, after a prolonged period of time, the animal
will experience iron deficiency, leading to microcytic hypo-
chromic anaemia [22].

Also some species such as Ancylostoma braziliens and
Ancylostoma caninum pose a zoonotic risk, causing eosin-
ophilic enteritis and cutaneous larva migrans in humans
[22]. Humans can be infected via the third stage larvae (fi-
lariform), penetrating the skin [19].

Toxocara spp. can be found worldwide in the small
intestine of its final host. Humans can become a dead end
host, resulting in larva migrans visceralis. Commonly af-
fected is the liver, resulting in hepatomegaly and eosino-
philia [21]. If larvae escape the circulation, they can end
up in other organs, notably the eye, commonly referred
to as larva migrans ocularis [21]. The body’s immune
system will respond with proliferative inflammation, re-
sulting in granuloma formation around the larvae, typi-
cally sitting on the retina, rarely on the optic disc. While
a total loss of vision is uncommon, partial loss with en-
dophthalmitis or granulomatous retinitis is more com-
monly reported [21].

Humans can serve as a final host in Sarcocystis hominis
and S. suihominis, when consuming undercooked, infected
meat. Additionally, humans can also function as intermedi-
ate host for S. nescbitti by ingesting faecally contaminated
food, water or simply from the environment. Clinical signs
might appear as headaches, fever and myalgia [7].

We detected a low occurrence of parasites in the wolves
park compared to the zoo. As the number of samples was
low, such a trend might be simply due to the chance of
parasites shedding irregularly or only in small numbers at
the time, and thus they might not have been detected [1].
Yet, it could also be explained by the less confined envi-
ronment of the wolves, compared to the zoo [2]. For the
zoo animals might be more likely to re-infect themselves
after treatment, particularly if the enclosures are not prop-
erly cleaned after administration of the drugs. On the other
hand, the wolves were in closer contact with wild animals
(birds, rodents), which they regularly eat. However, they
did not receive regular anti-parasitic treatments, which

speaks against such a trend. The decreased use of prophy-
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lactic anti-parasitic drugs, which would in the long term
result in the development of resistance to antiparasitics [4,
9], might explain the observed trend.

For future study, it would be interesting to investigate
the parasitic burden of the zoo animals before and after the
treatment in order to investigate the current resistance sta-

tus of the parasites on the property.

CONCLUSIONS

Despite the low number of samples, the data can be
used to compare the changes in endoparasite burden with
regard to species and annual occurrence. This can be ex-
pected due to climate change and agricultural influences.
Hence, regular epizootiological investigations of captive
wild animals will help to increase our insight of not only
the prevalence of such parasites but also its transmissi-
bility between wild as well as domesticated animals and

humans.
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