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Summary

Out of 19,046 goats aged between 5 and 6 month and slaughtered at an abattoir in Dubai between
September 2012 and March 2014, 57 carcasses were objected at meat inspection due to the pres-
ence of bladder worms of the coenurus type. The majority showed single cysts that were cut out
but 10 carcasses had to be discharged due to the presence of multiple cysts and with a maximum
number of 41 coenuri. In the majority of carcasses, cysts were located in the legs (n=45) followed by
abdominal muscles (n=16), diaphragm (n=14) and shoulder (n=13). Loin, rack, renal fat, heart, neck,
masseter were other cyst locations. The size of the detected parasitic cysts ranged from 0.7 ml to 90
ml. The maximum number of 1,102 scolices was counted in an 86 ml coenurus found in the leg of a
goat. Cysticercus tenuicollis was another cestode larval stage found in livers of 302 goats. A mixed
infection with both parasites was detected in 35 carcasses.
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Introduction

The parasitic nature of gid caused by Coenurus cerebralis, the
larval form of the cestode Multiceps multiceps was recognised by
Goeze (1780) and Leske (1780) for the first time by describing
multiple buds with four suckers and a double circle of hooks at the
inner surface of the bladder removed from sheep brains. Gaiger
(1907) examined coenuri in the connective tissues of two goats
in India. Wrongly, he determined his findings as larval stage of
Multiceps serialis. A further case of coenurosis in intra-muscular
connective tissues of a goat in India was detected two years later
(Dey, 1909). Hall (1916) decided that these cysts differ from those
of M. serialis and described a new species, naming it M. gaigeri in
honour to Dr. Gaiger. In the following time till recent years numer-
ous cases of extra-cerebral coenurosis in goats have been report-
ed (Table 1). First such cases in goats in the UAE were detected in
2008 (Schuster et al., 2010).

Intra-muscular and subcutaneous coenuri were described also in
sheep in all four Central Asian Republics under the name of C.
skrjabini (Bondareva, 1963) and were seen recently in sheep car-
casses in the UAE (Christodoulopoulos et al., 2013).

Since scolices of extra-cerebral bladder worms Coenurus gaigeri
and C. skrjabini showed the same morphological features as C.
cerebralis including shape, numbers and measurements of rostel-
lar hooks Verster (1969) and Loos-Frank (2000) doubt their validity
and put them as synonyms. Despite striking differences in the mor-
phology of the larval stage both authors transferred Multiceps spe-
cies into the genus Taenia. The aim of this paper is to describe the
location of extra-cerebral coenuri and their size in goat carcasses.

Materials and Methods

Carcasses of clinically healthy young goats (5 to 6 months of age)
and their livers were examined during routine meat inspection at
an abattoir in Dubai between August 2012 and March 2014. The
animals were obtained from various cattle markets in the UAE and
itis believed that their origin was Iran, Oman and East Africa.

At the routine meat inspection carcasses and livers with macro-
scopically visible alterations (maggots and metacestodes) were
objected and suspicious materials were sent for determination to
the Central Veterinary Research Laboratory in Dubai.

Nearly half of the intramuscular cysts were cut or ruptured during
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Fig. 1. Opened coenurus with multiple scolices in 11 clusters fixes to the inner surface of the cyst

meat inspection. But 112 metacestodes arrived intact and were
cleaned from surrounding muscle tissues by scissors. Their volume
was determined by a method after Elias and Hyde (1980) based
on the Archimedes' principle: The volume of the body plunged into
the water equals the volume of the displaced water and can be
read directly from the scale since 1 g of water equals 1 ml. For this,
metacestodes were put into water filled measuring cylinders of 100
or 200 ml depending on the size of the cysts. The bladder was then
transferred in a Petri dish with PBS and opened by scissors. The
arrangement and the number of protocolizes were counted under
a stereoscopic microscope. Cysts were grouped according to their
volumina into 6 categories (<5.0 ml, 5.0 — 9.9 ml, 10.0 — 14.9 m|,
15.0 = 19.9 ml, 20 - 29.9 ml and >30 ml) and the average number
of protoscolices per category was compared by one way ANOVA.
To study the size of the rostellar hooks single opened cysts were
exposed for 20 min to 40 °C warm PBS diluted dog bile. Evaginat-
ed scolices were cut behind the suckers and placed on a slide ina
drop of alcohol/glycerin (10/1) for clearing and covered with a cov-
er slip. Histological sections from cysts were made to determine
the nature of these tissue parasites.

After determining metacestodes attached to the livers, gall bladder
and major bile ducts were opened and examined for the presence
of liver flukes.

To test the association between coenuri and Cysticercus tenuicol-
lis Fisher’s exact test was applied.

Results

Out of 19,046 goat carcasses slaughtered a total of 57 were ob-
jected at meat inspection due to the presence of intra-muscular
cysts of the coenurus type characterized by multiple invaginated
protoscolices fixed in clusters to the inner surface of the bladder
(Fig 1). Most of the infected carcasses were made suitable for con-

sumption after single cysts were cut out. The number of carcasses
with one to four cysts was 31, 12, 2 and 2, respectively. Due to
multiple occurrences of cysts 10 carcasses had to be discharged
completely (Fig 2). The maximum number of coenuri counted in

Fig. 2. Generalised coenurosis in a goat carcass. Coenuri are situated in legs,
abdominal muscles, diaphragm, heart and renal fat
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Table 2. Location of coenuri in goat carcasses according to meat cuts
of goat carcasses.
(*only one head was presented)

Location Number of
animals  cysts
affected isolated

neck 2 3

brest 3 5

rack 7 21

left shoulder 7 19

right shoulder 6 1"

loin 9 22

left leg 28 59

right leg 17 43

diaphragm 14 30

abdominal muscles 16 22

heart 3 7

masseter* 1 1

renal fat 4 6

total: 249

one carcass amounted to 41. In one carcass, all 25 muscle cysts
were in various stages of caseous degeneration. No intact scolizes
were present but a large number of rostellar hooks were seen in
smears. Goat heads were usually discharged and were not avail-
able for examination. However, one head showed an unnormal
swelling of chicken egg size on the right masseter caused by a
coenurus. No coenuri were found in the brain of this animal.

The total number of coenuri found in the 57 carcasses was 249.
Legs, diaphragm and abdominal muscles were preferred location
sites (Table 2). The volume of the cysts varied between 0.7 and
90 ml. The largest cysts (>30 ml) were located under the surface
of superficial muscles of leg and shoulder, or were growing from
diaphragm and abdominal muscles into the body cavities. Just
one out of the 112 examined intact muscle bladder worms did not
have fully developed skolizes but showed minute buds. The size of
coenuri within a carcass with multiple infection, varied between 9in
3 clusters in a 3 ml cyst located under the epicardium and 1102 in

Table 3. Number of protoscolices in extra cerebral coenuri of different volumes.
The number depended significantly (p<0.0001) on the volume of cyst

Volume  Number of protoscolizes  Number

(ml) (meanSD) of coenuri
<5 55.5 £21.7 14
5-99 1025+ 24 20
10-14.9 147.6 £60.8 19
15-19.9 193.7 £69.8 13
20-29.9 2441 +958 26
30- 379.8 £278.2 18
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Fig. 3. Isolated protoscolex of an intra-muscular coenurus with 32 rostellar hooks
arranged in two circles

72 clusters in an 86.4 ml cyst on the surface of the gracilis muscle.
A comparison of the average number of protoscolices depending
on cyst volumina showed significant differences (p<0.0001 see
Table 3).

The number of rostellar hooks (Fig. 3) varied between 28 and 32.
Large and small hooks were 155.6 (151 — 158) and 108.6 (102 -
120) um, respectively in length.

Histological sections showed that coenuri cause pressure atro-
phy of surrounding muscle tissues. The parasites are encircled
by a host derived adventitious capsule (Fig. 4). This periparasitic
granuloma is composed of macrophages, myofibroblasts and T
lymphocytes.

Treatment of freshly isolated coenuri with diluted dog bile solution

Table 4. Contingency table showing the association between the presence
of extra-cerebral coenuri in carcasses and Cysticercus tenuicollis in livers of

subsequent goats
C. tenuicollis total
+ -
coenurus + 35 22 57
cysts - 267 18722 18989
total 302 18744 19046

resulted in an evagination of the protoskolizes through the outer
surface of the cyst (Fig. 5). In Dubecco’s Modified Eagles Medi-
um at 38 °C evaginated protoscolices remained vital for at least 3
days but did not show any growth.

During the observation period, livers of 302 goats were confiscat-
ed due to the presence of Cysticercus tenuicollis. In few cases C.
tenuicollis was also attached to abdominal muscles. Thirty-five out
of 57 carcasses with extra-cerebral coenurosis showed a simulta-
neous infection of the liver with C. tenuicollis (Table 4). The odds
ratio in this case is OR=111.5 with a 95 % confidence intervall
of 62.6 to 203.2 which means a highly significant association be-
tween the occurrence of the two parasites (p<0.0001).

None of the confiscated livers harbored hydatic cysts nor were
infected with liver flukes.
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Fig. 4. Histological section of an intra-muscular coenurus and surrounding host tissues. a: coenurus, b: adventitious capsule, c: atrophied muscle fibres

Discussion

Gid had a world-wide distribution and was present in all countries

with a developed sheep industry except Australia and New Zea-

land where cerebral coenurosis was never a problem (Bondareva,

1963). Due to pathognomonic signs of gid, introduction of veteri-

nary-hygienic measures and the availability of praziquantel to treat
. i ‘ "
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15.00 kV[100 x/10.0 mm|LFD| 3.0

herd dogs, ovine cerebral coenurosis as a limiting factor in animal
husbandry was eliminated in many countries. However, single cas-
es are still occurring even in European countries like Switzerland
(Schweizer et al., 2006), Italy (Scala et al. 2007, Varcasia et al.,
2013) and Greece (Giadinis et al., 2007). Extra-cerebral coenuro-
sis with coenuri showing the same morphological features as C.
cerebralis has been reported mainly from goats in Asia, Africa

—10)
Dubal

[ ——

Fig. 5. Evaginated protoscolices in a coenurus after treatment with a bile solution (SEM)
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and the Middle East (Table 1). Most of the communications on
caprine coenurosis were case reports. One case of intra-muscular
coenurosis was described also in a gemsbock (Oryx gazelle) in
Namibia (Bohrmann, 1990).

It is believed that location of the cysts depends on host species.
In sheep, cysts mature in the brain while in goats they can grow
also outside of the central nervous system (Sharma & Chauhan,
2006). It was also shown that not all goats with cerebral coenuri
develop clinical symptoms (Vink et al., (1998). This might be the
reason that goats in own investigations were clinically healthy and
did not show signs of gid.

Recent molecular investigations revealed that there are some mi-
nor differences in the DNA sequence of intra muscular coenuri of
goats compared to classical cerebral coenuri from sheep in Eu-
rope (Varcasia et al., 2012). This finding suggests the possible ex-
isting of different strains. This theory is supported by some studies
on cerebral coenurosis in goats where extra-cerebral location of
cysts was not noticed (Jibat et al., 2008; Javadi et al., 2010; Des-
ouky et al., 2011).

Intra-muscular coenurosis does not constitute a direct health risk
for consumers but the presence of parasitic cysts is nauseating
and infected carcasses are objected at meat inspection where
single superficial cysts can be cut out but multiple cysts lead to
carcass condemnation.

With regard to location, most of the cysts in our survey were found
in the hind legs. This coincides with data from other authors (Vink
et al., 1998; El Sinnari et al., 1999; Schuster et al., 2010; Kheiran-
dish et al., 2012; Madhu et al., 2014).

The size of a coenurus depends on its age and on the location.
While in the case of cerebral coenurosis the size of the coenurus is
limited by the volume of the neurocranium and cysts do not exceed
50 mm in diameter and contain up to 300 protoscolices, extra-cer-
ebral coenuri can grow to bigger dimensions. The largest coenurus
ever reported from caprines measured 520 ml and contained 1,934
protoscolices (Hago & Abu-Samara, 1980). The biggest cyst in own
material had a volume of 90 ml and the maximum number of 1,102
protocolizes was counted in a slightly smaller coenurus.

All protoscolices were attached to the inner layer of the cyst. The
number of hooks and their average size matches with previously
reported data (Schuster et al., 2010) and correspond to data pub-
lished for M. multiceps (Verster, 1969; Loos-Frank, 2000) being in
their lower limits. The attachment of protoscolices to germinative
layer of the coenurus makes it different to the classical C. gaigeri
cyst that contains daughter cysts and where protoscolices easily
get detached (Gaiger, 1907; Rao et al., 1957; Bondareva, 1963).
Arare location of two coenuri under the capsule of a goat liver was
reported by Woinshed and Girma (2012). In our material Cysticer-
cus tenuicollis was the only hepatic parasite. It was found in 302
out of 19,046 inspected livers but the real prevalence with this me-
tacestode was most probably much higher since the omentum is
the preferred predilection site of this parasite in goats and sheep.
Both parasites, M. multiceps and Taenia hydatigena, have canids
as final hosts and there is no surprise if there are concurrent infec-
tions of both larval stages in goat carcasses. In our case there was
a highly significant association between the two parasites. It is in-
teresting that despite the presence of long-necked bladder worms
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in livers and coenuri in carcasses none of the inspected livers
showed signs of hydatid infections although goats can act as inter-
mediate host for Echinococcus granulosus (Loffi et al., 2010). The
limiting factor in our case might be the young age of the animals.
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