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Abstract

Background: Cerebral cystic echinococcosis (CCE) and coenurosis are zoonotic diseases
caused by the larval stages of Echinococcus granutosus sensu lato (5.l.) and Taenia spp., respectively.
Due to the similarity between the symptoms and clinical samples of CCE and cerebral coenu-
rosis, especially in cases with no protoscoleces, the diagnostic methods for the differentiation of
CCE from cerebral coenurosis are crucial, especially in countries where both diseases are endem-
ic. To compare CCE and coenurosis, morphometric indices of protoscoleces and molecular
methods were used in the present study.

Methods: In this regard, four isolates of human cerebral echinococcal cysts, three isolates of
Coenurus cerebralis from sheep, and one non-cerebral Coenurus from sheep muscles were evaluated.
The isolated specimens have been collected from Shiraz, Ahvaz, Tehran and Kerman from be-
fore 2000 to 2022. The molecular characterization was carried out using the partial NADH de-
hydrogenasel (nadl) gene. Phylogenetic analysis was performed using the maximum likelihood
method.

Results: In fertile cysts, the total size of the large and small hooks of Coenurus was larger than
cerebral echinococcal cyst. These parameters demonstrated significant morphological differences
between the C. cerebralis and the cerebral echinococcal cyst. Molecular methods identified the
cerebral echinococcal cysts as E. canadensis (G6) genotype. One C. cerebralis and the non-cerebral
Coenurus were identified as Taenia multiceps and T. multiceps gaigeri, respectively.

Conclusion: Morphometric indices are significantly different between protoscoleces of C. cere-
bralis and cerebral echinococcal cysts. Hence, they could be used for differential diagnosis of the
fertile cysts of these cestodes. However, in cases with no protoscoleces, molecular methods are
essential for the differentiation of CCE from cerebral coenurosis, especially in regions where

both diseases are Erevalent and endemic.
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Introduction

ystic echinococcosis (CE), caused by
the larval stage of Echinococcus grann-
losus sensu lato (5..), is one of the most
important zoonotic diseases worldwide (1, 2).
The definitive hosts of E. granulosus s.l. are
canids, including dogs, wolves, foxes, and
jackals, and the intermediate hosts are herbi-
vores such as sheep, goats, cattle, and camel.
Humans, as accidental intermediate host, be-
come infected by ingestion of food or water
contaminated with the eggs or through direct
contact with an infected dog. CE develops
almost anywhere in the human body, mainly
in the liver and lungs. Brain involvement is
rare, and it is more common in children than
in adults (3). Cerebral cystic echinococcosis
(CCE) in humans has been reported from dif-
ferent parts of the world, and its incidence is
approximately 1-2% of all CE infections (4, 5).
E. granulosus s./. contains 10 genotypes (G1
to G10) that are now recognized as separate
species, including E. granulosus sensu stricto (G1-
G3), E. equinus (G4), E. ortleppi (G5), and E.
canadensis (G6- G8 and G10) (2, 6). Organ in-
volvement depends on the genotype, for ex-
ample, the G6 genotype has a higher affinity
for the brain in humans (7, 8). Cerebral echi-
nococcal cysts are classified as primary or sec-
ondary cysts. The primary cysts are formed as
a result of direct infection of the larvae in the
brain without demonstrable involvement of
other organs, while the secondary cysts result
from spontaneous, traumatic, or surgical rup-
ture of the primary echinococcal cysts (9).
Cerebral echinococcal cysts are found any-
where in the brain and are usually located in
the middle cerebral artery (10). The definitive
diagnosis of CCE is based on imaging meth-
ods. Computerized tomography (CT) and
magnetic resonance imaging (MRI) are the
most commonly used for diagnosis. The CCE
may be misdiagnosed with brain tumors, neu-
rocysticercosis, or cerebral coenurosis (11).
Coenurosis is a rare zoonotic disease caused
by Coennrus, the larval stage of different Taenia
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species, including I. multiceps, T. serialis, T.
brauni, and T. glomerata (11). Human coenu-
rosis usually involves the CNS, muscles, or
subcutaneous tissues (12).

Usually, cerebral coenurosis is caused by the
larval stage of 1. multiceps multiceps. Although
coenurosis has been frequently recorded in
sheep and goats in Iran (13-16), human cases
have not been reported so far.

Unlike the unilocular echinococcal cyst of
the brain, no brood capsules are found in Coe-
nurus in the brain (11). The symptoms of cere-
bral coenurosis resemble those of CCE and
neurocysticercosis; hence, the disease goes
undiagnosed (11, 17). The diagnostic methods
are crucial in differentiating coenurosis from
CCE, and this entity should be included in the
differential diagnosis, especially in countries
where these diseases are prevalent and endem-
ic. Although coenuri are easily distinguished
morphologically from cysticerci and echino-
coccal cysts based on the numbers and charac-
teristics of their protoscoleces, larval hook
morphology has been considered a valid crite-
rion for identification (18, 19). When proto-
scoleces are absent or not identifiable, Coenu-
rus could be distinguished from echinococcal
cysts by the lack of the characteristic acellular,
laminated membrane. However, racemose
(acephalic) Cysticercus often cannot be differ-
entiated from Coenurus because the thin cyst
membranes of the two cysts are similar (20).
Apart from imaging methods, there is no clin-
ical way of differentiating cerebral coenurosis
from cysticercosis or echinococcosis. Moreo-
ver, in brain infections, more than 50% of
coenuri are without protoscoleces, and histo-
pathological sections are not helping to differ-
entiate these cysts from cerebral echinococcal
cysts (21). Therefore, morphology alone is not
adequate for the differentiation of Coenurus
and echinococcal cysts (22, 23), and in such
cases, a molecular study on clinical samples of
unfertile cerebral cysts is necessary.

Regarding the high prevalence of T. multiceps
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in carnivores in Iran (24), a possibility for hu-
man infection with Coenurus is predicted. Due
to the transmission of both cystic echinococ-
cosis and coenurosis in Iran, and the fact that
over 50% of coenuri in humans are sterile
(acephalocysts or without protoscoleces),
there is a need to characterize the causative
agents of brain cysts caused by the parasites to
determine the transmission patterns for the
planning of prevention and control programs
in human and animal communities. The pre-
sent study aimed to differentiate CCE from
coenurosis using morphometric analysis of
larval rostellar hooks and the PCR-sequencing
methods.

Material and Methods

Sample collection

Four humans cerebral echinococcal cysts
kept in 70% ethanol were collected from Ah-
vaz University of Medical Sciences, Iran (7).
Three cerebral coenuri were collected from
sheep, one from Tehran University of Medical
Sciences, one from Kerman University of
Medical Sciences, and one from Shiraz Uni-
versity, Iran. In addition, a non-cerebral Coenu-
rus isolated from sheep muscles in Shiraz, Fars
Province, Iran, collected in 2011, kept in 70%

ethanol was used for comparison. Two cere-
bral coenuri which were collected from Teh-
ran and Shiraz preserved in formaldehyde
used for morphological criteria and we did not
achieve to extract their DNA. However, DNA
was extracted from cerebral coenuri which
was collected from Kerman.

Morphometric analysis

Three protoscoleces were separated from
each isolate, stained, cleared, and mounted
using Formaldehyde Alcohol Azocarmine
Lactophenol (FAAL) on a glass slide with suf-
ficient cover-slip pressure to cause the hooks
to spread out without damaging them (25).
Using micrometry, three large and three small
hooks from each protoscolex were measured
for several morphometric characters, including
the total number of rostellar hooks per proto-
scolex (NH), total length of large hooks
(LTL), total length of small hooks (STL), large
hook blade length (LBL), small hook blade
length (SBL), large hook handle length (LHL),
small hook handle length (SHL), the ratio of
blade length to total length of large hook
(LBL/LTL), and the ratio of blade length to
total length of small hook (SBL/STL) (Fig. 1)
(18).

LBL 7

SBL_,

Fig. 1: Diagrammatic representation of hook dimensions as used in this study. Total length of large hooks (L'TL), total
length of small hooks (STL), large hook blade length (LBL), small hook blade length (SBL), large hook handle length
(LHL), small hook handle length (SHL)

PCR-sequencing method

The human cerebral echinococcal cysts were
investigated using the PCR-sequencing meth-
od (7). The genomic DNA from four isolates
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of coenuri (three cerebral coenuri and a non-
cerebral Coennrns) was extracted using Qiagen,
QIAamp ®* DNA Mini Kit (Qiagen, Hilden,
Germany) according to manufacturer instruc-
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tions. The forward primer (MS1: 5°-
CGTAGGTATGTTGGTTTGTTTGGT-3")
and the reverse primer (MS2: 5°-

CCATAATCAAATGGCGTACGAT-3") (206).

The PCR products were sequenced in two
directions using the same forward and reverse
primers used in the PCR by the Sanger se-
quencing method. The nadl gene sequence
results were edited by the Geneious software
(www.geneious.com), and the consensus se-
quences were compared with the reference
sequences available in GenBank using BLAST
(http://www.ncbi.nlm.nih.gov/) for identifi-
cation. Nucleotides of 334 bp from cerebral
echinococcal cysts and 332 bp from T. multi-
ceps and T. multiceps gaigeri were used in the
phylogenetic tree. A phylogenetic tree was
constructed with sequences obtained in the
present study along with the reference se-
quences deposited in GenBank using the max-
imum likelihood method and Tamura-Nei
model in the Molecular Evolutionary Genetic
Analysis software (MEGA 5.0) with 1000
bootstrap replicates to determine the robust-
ness of the finding.

Statistical analysis

Morphometric data were analysed using
SPSS software ver. 23 (IBM Corp., Armonk,
NY, USA). Scatter chart was drawn based on
large hook blade length versus large hook total
length and small hook blade length versus
small hook total length for C. cerebralis and
CCE samples using Excel 2013 software.

Results

Morphometric results

One isolate out of four human cerebral
echinococcal cysts and the four isolates of
coenuri were investigated morphologically.
Three isolates of cerebral echinococcal cysts
were sterile, and did not have any protoscolex.
Three protoscoleces containing one row of
large hooks and one row of small hooks were
randomly selected from each fertile isolate.
Three large hooks and three small hooks from
each protoscolex isolated from cerebral echi-
nococcal cysts, C. cerebralis and non-cerebral
Coennrns, were measured (Fig. 2).

C

D

Fig. 2: Rostellar hooks of protoscolex obtained from cerebral cystic echinococcosis (40X Scale bar 10 pm (A),
Coenurus cerebralis (20X Scale bar 50 um) (B, C) and non-cerebral coenurosis (20X) (D Scale bat 50 um)
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Different parameters of larval hooks meas-
urements of protoscoleces isolated from C.
cerebralis and non-cerebral coenuri are present-
ed in Table 1.

Table 2 shows the comparison of C. cerebralis
and cerebral echinococcal cysts based on the
number and size of rostellar hooks. The total
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size of the large hooks (Fig. 3) and small
hooks (Fig. 4) of C. cerebralis was larger than
that of the cerebral echinococcal cyst. These
parameters demonstrated the morphologically
significant differences between the C. cerebralis
and cerebral echinococcal cyst (P-value<0.05).

Table 1: Different parameters of larval hooks measurements of protoscoleces isolated from Coenurus cerebralis

and non-cerebral coenuri

Parameters

Coenurus cerebralis
Mean * S.D.

Non-cerebral coenuri
Mean * S.D.

P-value

Total number of hooks (NH) 2731+ 14 30.0 £ 0.0 0.009*
Large hook total length (L'TL) (um) 1639 + 11.3 155.6 £ 3.9 0.05"
Large hook blade length (LBL) (um) 694 + 4.7 68.9 £ 2.2 0.7
Large hook handle length (LHL) (um) 944+ 85 86.7 £ 3.5 0.01"
LBL/LTL 0.42 £ 0.02 0.44 £ 0.05 0.8"
Small hook total length (STL) (um) 1120 £ 11.3 115.6 £ 5.3 0.7
Small hook blade length (SBL) (um) 515+ 55 522+ 3.6 0.7
Small hook handle length (SHL) (um) 60.6 + 8.5 633 %35 0.5"
SBL/STL 0.46 £ 0.04 0.47 £ 0.05 0.7

* P-value was calculated by Mann-Whitney Test

Table 2: Comparison of cerebral cystic echinococcosis and Coenurus cerebralis based on the number and size of

Parameters

Total number of hooks (NH)

rostellar hooks

Cerebral cystic echino-
coccosis human origin
Mean * S.D.
347+ 3.1

Coenurus cerebralis
sheep origin
Mean * S.D.

273t 1.4

P-value

Large hook total length (LTL) (um) 244+ 1.1 163.9 £ 11.3 0.000"
Large hook blade length (LBL) (um) 15.0 £ 1.7 09.4 + 4.7 0.000"
Large hook handle length (LHL) (um) 94 1% 1.1 94.4 + 85 0.000"
LBL/LTL 0.60 £ 0.05 0.42 £ 0.02 0.000"
Small hook total length (STL) (um) 17.5+ 0.0 112.0 £ 11.3 0.000"
Small hook blade length (SBL) (um) 10.0 £ 0.0 51.5+ 55 0.000"
Small hook handle length (SHL) (um) 75100 60.6 + 8.5 0.000"
SBL/STL 0.57% 0.00 0.46 £ 0.04 0.000"
* P-value was calculated by Mann-Whitney Test

: = oy
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5  soe ® Coenunis cersbralis
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= e >

LR — — — —

Large hook total length (LTL) (pm)

Fig. 3: Scatter chart of large hook blade length versus large hook total length for C. cerebralis and cerebral cyst-

ic echinococcosis. Each point represents the mean values of these two variables measured on three large
hooks from each of three protoscoleces from every isolate
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Fig. 4: Scatter chart of small hook blade length versus small hook total length for C. cerebralis and cerebral
cystic echinococcosis. Each point represents the mean values of these two variables measured on three large
hooks from each of three protoscoleces from every isolate

Molecular results

Three isolates out of four humans cerebral
echinococcal cysts were identified as E. cana-
densis, G6 genotype (Accession no. JN621320-
JN621322), and one CEC isolate had unsuc-

a8

cessful PCR (7). The nadl sequences of the

cerebral echinococcal cysts were quite similar
and had 100% homology with the E. canadensis

GO6 genotype isolated from camels in Kenya
(KX010873) (Fig. 5).

T. multiceps gaigeri (HM 10147 0) Goat-lran
Taenia multiceps gaigeri (JQA412133) &
T. multiceps (KT253936) Goat-lran
T. multiceps (KPG632640) Goatdran
T. multiceps (KPEB63629) Goatdran
T. multiceps (HM 143887 ) Cattle-Turkey
T. multiceps (HM143883) Cattle-Turky
T. multiceps (HM 143885) Cattle-Turkey
L T. muliceps (LC271742) Sheep-Egy pt
T. multiceps (KCY94309) Goat-China
Taenia multiceps (OQ731280) &
T rmulticeps (KRE04801) Sheep-Greece
20 L T. multiceps (KRED4805) Goat-Greece
T. multiceps (AJ1239104) Sheeplinited Kingdom
T. muiticeps (KF233943) Sheep-Turk ey
T. serialis (D401 137F) Human-France

L T solium {(AF338826) Pigindia

granulosus sensu stricto G2 (KTOF4929) Cattledran

57 B
i ﬁ— E. granulosus sensu stricto G3 (HM 563034) Cattle-lran

[=0=2

|E. granulosus sensu stricto G (JF8367929) Human-iran

————————— E. equinus G4 (KT 263309) Donkey -Spain

—— E. ortleppi G5 (MMNO58522) Human-China
E. canadensis G8 (KY 2849362} Moose-Russia

.05

. canadensis G100 (KCE20779) Red deer~Canada
E. canadensis GG (KZX0108732) CamelK eny a

E. canadensis G7 (MT2391741) Human-Slovenia
Echinococcus canadensis (JM621320) &
Echinococcus canadensis (JM621321) &
Echinococcus canadensis (JMG21322) &

Fig. 5: Phylogenetic analysis of the nad1 sequences of Taenia multiceps and 'I. multiceps gaigeri isolates obtained
in this study and Echinococcus canadensis isolates obtained in other study (7) (black upward-pointing triangle) and
reference sequences retrieved from GenBank.

The tree was constructed using the Maximum Likelihood method. Taenia solinm (AN: EF076753) was used as
the out-group
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An approximately 400 bp band was ampli-
tied from the isolates of C. cerebralis and non-
cerebral Coenurus after the PCR for the mito-
chondrial nadl gene. One isolate of C. cere-
bralis and one isolate of non-cerebral Coenurus
were also sequenced. Due to preservation in
formaldehyde, the PCR for two more other
cerebral C. cerebralis isolates, one from Tehran
and one from Shiraz was unsuccessful. Se-
quence analysis was performed, and the edited
sequences were compared with other available
sequences in GenBank using BLAST. The
cerebral Coenurus and the non-cerebral Coenu-
rus were identified as Taenia multiceps and T.
multiceps  gaigeri, respectively. The consensus
sequences of cerebral Coenurus and non-
cerebral Coenurus obtained in this study were
deposited in the GenBank database with the
accession numbers OQ791289 and JQ412133,
respectively.

According to phylogenetic analysis based on
the nadl gene, the sequence of the isolate of T.
multiceps  obtained in the present study
(0Q791289) showed 100% homology with
the reference sequence of T. multiceps trom
China (KC794809). The sequence of T. multi-
ceps gaigeri (JQQ412133) isolated in this study
was similar to that of I. wmulticeps gaiger:
(HM101470) and  T.  maulticeps  isolates
(KT253936, KP663639, and KP663640) iso-
lated from goats in Iran (Fig. 5).

Intra-species variation within the nadl se-
quences of the T. multiceps obtained in this
study and other isolates of 1. multiceps existing
in GenBank amounted to 0%-3.8%.

Discussion

CE occurs commonly in the liver or lungs,
and cerebral cystic echinococcosis is rare (4).
Coenurosis is a rare zoonotic disease that re-
quires a differential diagnosis from CCE (11).
Usually, the diagnosis and management of
human cestode infection is based on a combi-
nation of clinical symptoms, radiological,
morphological, serological, molecular and pro-
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teomics methods (25-29). The symptoms of
cerebral coenurosis are similar to those of
CCE, and serological methods are not effec-
tive in the diagnosis of the disease because of
cross-reaction with other taeniid cestodes. The
diagnosis of human coenurosis is based on
various radiological methods, such as CT scan,
but it may be misdiagnosed from CCE. The
differentiation between these two diseases is
very important, and the surgical removal of
the cyst and morphological examination are
the definitive methods for the differential di-
agnosis of these cystic lesions (17). Usually,
cerebral echinococcal cysts are differentiated
trom Coenurus cysts based on their rostellar
hook number, size, and shape. In many hu-
man cases (over 50%) Coenurus cysts are sterile,
without the presence of protoscolices. There
is no clinical way of differentiating infection
with this parasite from cases of cysticercosis
or echinococcosis (21). Hence, molecular
methods can be used to identify the brain
cysts, especially in endemic areas for two dis-
eases. Iran is known as one of the endemic
countries for both E. granulosus and I. multiceps
(16, 27, 30). In the current study, both mor-
phometric and molecular methods were used
to differentiate cerebral coenurosis from CCE.

Nine morphometric indices of the protosco-
leces isolated from cerebral echinococcal cyst
were measured. The total number of rostellar
hooks in cerebral echinococcal cysts was 32-
38, which was similar to the other studies, but
the total length of large and small hooks in
cerebral echinococcal cysts was shorter than
that of hooks originated from camels in other
studies (31, 32). Larval hook morphology
could be used for differentiating G1-G3 and
GO0 genotypes of E. granulosus (18), while some
reports showed that morphometric analysis
alone is not enough for the determination of
E. granulosus strains and a molecular method
should be used (32).

The PCR-sequencing method has been used
over recent years for species identification,
classification, and phylogenetic analysis of
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family Taeniidae (31). Since the morphological
identification of some species is difficult,
some molecular methods, such as PCR-
sequencing using nuclear and mitochondrial
markers, have been used for accurate identifi-
cation and differentiation of taeniid cestodes
(7, 33-35). For the identification of E. granu-
losus genotypes, different methods have been
used, and molecular methods have divided E.
granulosus sensu lato into 10 distinct genotypes
(G1-G10) in different regions of the world ().
The G1-G3 (E. granulosus sensu stricto) and G6
genotypes (E. canadensis) were reported as the
most common species of human CE in differ-
ent geographic areas of Iran (7, 18, 26, 27).
The cerebral echinococcal cysts investigated in
this study has been identified as the G6 geno-
type (E. canadensis) reported that the genotype
G6 has a special tendency toward the brain in
humans (7). Phylogenetic analysis of the nadl
sequence of E. canadensis showed that there
was 100% similarity between E. canadensis ob-
tained in this study and the isolate collected
from camels in Kenya.

PCR-sequencing using the mitochondrial
nadl gene has been used for the characteriza-
tion of Coenurus in sheep from different geo-
graphic areas of Italy (36). The mitochondrial
nadl gene by PCR-sequencing has also been
used for molecular identification of Coenurus
(34). In the current study, genomic DNA was
extracted from the isolates of Coenurus, and
cerebral Coenurus was identified as T. multiceps.
The non-cerebral Coenurus was investigated
molecularly and identified as T. mwulticeps gaigeri
by amplification of the nadl gene, which was
similar to another study (37). The larval stages
of I. multiceps, are considered the causative
agent for both cerebral and non-cerebral coe-
nurosis, while the larval stages of T. multiceps
gaigeri are regarded as the causative agent of
non-cerebral coenurosis (20).

The non-cerebral Coenurns identified as T.
multiceps gaigeri had two rows of rostellar hooks
with 30 small and large hooks, and the large
and small hook total lengths were 150-160 um
and 115-125 pm, respectively. Our results are
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in agreement with the other published mor-
phometric study (37). Although non-cerebral
Coenurus is morphologically similar to C. cere-
bralis, the mean total number of protoscolex
hooks of C. cerebralis and non-cerebral Coenurus
was 27.3 and 30, respectively. The average to-
tal length of the large hooks of C. cerebralis and
non-cerebral Coenurns was 163.9 um and 155.6
um, respectively, and the difference was statis-
tically significant. The morphometric results
of our study regarding C. cerebralis were con-
sistent with another results (38). In contrast to
our study, Akbari et al. reported no significant
difference between cerebral and non-cerebral
Coennrns according to the number of large and
small hooks (19).

According to the data, all nine morphomet-
ric indices of large and small hooks from C.
cerebralis had significant differences with those
of cerebral echinococcal cysts. However, the
problem is the differential diagnosis of Coenu-
rus and cerebral echinococcal cysts, especially
in the sterile situation of coenorosis infection,
whose frequency reaches as high as 50% of
the brain cysts (21). Therefore, the application
of molecular methods rather than histopatho-
logical exams is necessary and should be used
to identify different cerebral sterile, especially
in endemic regions of E. granulosus s./. and T.
multiceps.

Conclusion

Cerebral coenurosis could be differentiated
from CCE based on morphometric and mo-
lecular analysis of brain cysts. Despite the
sample size limitation, in this study, all nine
morphometric indices significantly different
between C. cerebralis and cerebral echinococcal
cyst, therefore, morphometric analysis is a
useful tool for their differential diagnosis.
However, given the similarities between sterile
cases of cerebral echinococcal cysts and cere-
bral coenuri, and the high frequency of sterile
Coennrus cysts, molecular methods are recom-
mended to accurately distinguish cerebral
echinococcal cyst from C. cerebralis, especially
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in regions where both types of cysts are com-
mon.
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