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ABSTRACT 

Objective: Echinococcus granulosus is a globally important cestode parasite causing remarkable medical and economical losses in the 
world. Ten genotypes (G1-G10) have been identified within this complex species. Protoscoleces rostellar hook characters e.g. total large and 
small hook lengths may be useful to differentiate genotypes. This study investigates the value of rostellar hook morphometry on genetically 
identified isolates of E. granulosus using mitochondrial cox1 and nad1 sequencing. 
Methods: In total, 24 hydatid cyst samples of livestock and human origin were collected. The isolates were then sequenced for the 
mitochondrial cox1 and nad1 genes and total large and small rostellar hook lengths of protoscoleces were measured.
Results: Total large and small hook lengths could differentiate between G1 and G6 genotypes; however, G1 and G3 were not distinguishable 
by hook morphometry. Only large hook length was significantly different between the G3 and G6 isolates.
Conclusion: The G6 genotype is readily distinguishable from G1 by using both small and large hook lengths; however, only total large hook 
length was significantly different between the G3 and G6 genotypes. (Turkiye Parazitol Derg 2012; 36: 215-8)

Key Words: Hook morphometry, hydatid disease, Genotype, cox1, nad1

Received: 18.03.2012  Accepted: 07.09.2012 

ÖZET

Amaç: Echinococcus granulosus dünya çapında görülen, büyük ekonomik kayıplara neden olan ve halk sağlığı bakımından tıbbi önemi 
olan bir parazittir. Bu parazitin suş karakterizasyon yapılmış ve 10 tane genotipi (G1-G10) olduğu tespit edilmiştir. Protoscolexlerin rostellum 
etrafındaki büyük ve küçük çengellerin uzunluğu Echinococcus granulosus genotiplerini ayırt etmekte yararlı olabilir. Bu çalışma rostellum 
çengellerinin uzunluğunun ölçülmesinin değerini mitokondriyal cox1 ve nad1 sıralama kullanarak Echinococcus granulosus suşlarının 
ayrılmasını incelemektedir.
Yöntemler: Hayvan ve insan kaynaklı 24 hidatik kist örnekleri toplanıp ve daha sonra mitokondriyal cox1 ve nad1 genler sekanslandı. 
Protoskolekslerin büyük ve küçük rostellar çengellerinin uzunlukları ölçüldü. 
Bulgular: Sonuçlar bunu gösteriyor ki büyük ve küçük çengellerinin uzunluğu G1 ve G6 genotiplerini arasında ayrım yapabilir, halbuki G1 ve 
G3 genotiplerini birbirinden ayıramamaktadır. Büyük çengellerin uzunluğu G3 ve G6 genotipleri arasında anlamlı olarak fark vardı.
Sonuç: G1 ve G6 genotipleri büyük ve küçük çengellerin uzunluğunu kullanarak birbirinden ayrıldığı; bununla birlikte G3 ve G6 genotiplerinin 
sadece büyük çengellerinin uzunluğunun birbirinden önemli derecede farklı olduğu belirlendi. (Turkiye Parazitol Derg 2012; 36: 215-8)
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INTRODUCTION

Echinococcus granulosus, the aetiological agent of cystic echi-
nococcosis (CE), is the smallest tapeworm of the family Taeniidae. 
CE is one of the most important parasitic zoonoses worldwide. 
The parasite is mainly transmitted among dogs as the definitive 
hosts and livestock animals as the intermediate host (1).

Several genetic studies have demonstrated the high intra-specif-
ic variability within this species that is collectively known as 
Echinococcus granulosus sensu lato. E. granulosus s.l. is com-
prised of a complex of ten genotypes (G1-G10) of which four 
genotypes are considered distinct species, i.e. E. granulosus 
sensu stricto (G1-G3), E. equinus (G4), E. ortleppi (G5), and E. 
canadensis (G6-G10). Different genotypes of the parasite have 
distinct morphological, epidemiological and transmission dynam-
ics characterisations (2). It is believed that these characterisations 
have important implications in terms of epidemiology and the 
control of hydatid disease. However, solid evidence of these 
implications is still needed (3). Clearly, more large-scale molecu-
lar epidemiological studies in different geographical areas are 
necessary to elucidate the nature and significance of variability in 
E. granulosus s.l. and its implications for public health (2).

Regarding the relatively high cost of DNA sequencing on a large 
number of E. granulosus isolates, morphometric data could be 
potentially useful for screening large numbers of isolates for 
sequencing. Large-scale sequence-based studies are expensive 
and less accessible in many research laboratories in endemic 
areas, which constitutes a major obstacle for conducting high 
quality research projects. Larval rostellar hook characters, e.g. 
total large and small hook length, are potentially good tools for 
screening large numbers of E. granulosus isolates of different 
genotypes (4, 5). However, the value of morphometry for distin-
guishing genotypes of E. granulosus s.l. compared to DNA-based 
methods is not clearly shown. Very few studies have investigated 
the accuracy of hook morphometry on known genetically charac-
terised isolates using DNA sequencing. The aim of this study is to 
determine the value of rostellar hook morphometry in the identi-
fication of different genotypes of E. granulosus s.l.

METHODS

Twenty-four hydatid cyst samples were collected from sheep 
(14), goat (2), cattle (1), camels (6) and humans (1) originating 
from locations within Kerman Province, south-eastern Iran. All 
animals were slaughtered in local abattoirs in Kerman and 
Rafsanjan cities. The human sample was from a female patient 
who was operated on at the Afzalipour Medical Centre in 
Kerman. Each individual cyst was considered an E. granulosus 
isolate. Protoscoleces were aspirated from cysts and washed 
three times with normal saline. After extracting DNA using the 
High Pure PCR Template Preparation Kit (Roche, Mannheim, 
Germany), all of the isolates were genotyped by sequencing of 
two mitochondrial genes, cox1 and nad1, using the primers JB3 
and JB4.5 for cox1 and JB11 and JB12 for nad1 (6, 7). E. granu-
losus sequence data were deposited in the NCBI GenBank 
database (Figure 1).

For the morphometric study, protoscoleces were mounted in 
lactophenol on a glass slide and sufficient pressure was applied 

using a cover slip to cause the hooks to lie flat. Measurements 
were made of total hook length on two large and two small 
hooks per rostellum from each of five protoscoleces for each 
isolate using 100X magnification of a calibrated microscope 
(Figure 2, 3). One person (E.H.) carried out all of the measure-
ments (8, 9).

Results of large and small hook data were analysed using SPSS 
ver. 15. Morphometric differences between the G1, G3 and G6 
genotypes were analysed by a two-dimensional scatter plot and 

Figure 1. Scatter plot of the total large and small hook lengths 
according to genotypes for the 24 isolates of E. granulosus 
measured in this study. (¡) G1; (Δ) G3; (o) G6. Sequence data of 
all of the isolates was submitted to NCBI GenBank with the 
following accession numbers: cox1: HM563002, HM563011-14, 
HM563016-20, and nad1: HM563023, HM563025-30, HM563032-
33, HM563035-37

Figure 2. Diagram of rostellar hook measurements used in this 
study. Large Hook Length (LHL), Small Hook Length (SHL)
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Kruskal-Wallis test followed by the Bonferroni multiple compari-
son test to determine where differences occur among group 
means. A statistical significance of p<0.05 was considered sig-
nificant.

RESULTS

Hook length data of the present study showed that G6 isolates 
have significantly larger hook lengths than G1 isolates (Figure 3, 
Table 1); therefore, both genotypes could be differentiated 
using small and large hook length measurements. However, 
there was no statistically significant difference in hook dimen-
sions between the G1 and G3 genotypes (Table 1). In hook mor-
phometry, only the large hook length significantly differentiated 
the G3 and G6 isolates (p<0.05). According to our data, the 
sensitivity and specificity of total hook length for genotype iden-
tification was 100% and 75%, respectively.

DISCUSSION

The emergence of DNA-based molecular techniques provided a 
sensitive and reliable tool to understand the nature of variation 
within and between species and strains of helminth parasites 
(10). As a consequence, morphological tools have been under-
mined in recent years due to the loss of expertise and interest in 
traditional morphological studies (11). However, it is believed 
that molecular and morphological characters are complemen-
tary in epidemiological studies on cestode zoonoses, like cystic 
echinococcosis. Morphological and biological studies during 
the 1970s and 1980s had made major progress towards under-
standing intra-specific variation in E. granulosus leading to the 
identification of different strains of the parasite (12-15). Later, 
molecular DNA-based studies confirmed the presence of ten 
genotypes within this complex species (G1-G10). However, the 
taxonomic status of E. granulosus is not clear and large-scale 
molecular epidemiological studies in different endemic areas 
across the globe are obviously needed. Regarding high cost and 
availability considerations of this kind of studies in endemic 
areas, protoscoleces hook morphometry could be used as an 

alternative for strain identification of E. granulosus when screen-
ing large numbers of isolates. However, the value of rostellar 
hook characters for genotype identification of the parasite is not 
clearly shown (16). Among the different rostellar hook charac-
ters, the total lengths of small and large hooks were shown to be 
the most suitable characters for strain identification (4).

The results of the present study indicate that the G6 genotype is 
readily distinguishable from G1 by using both small and large 
hook lengths; however, only total large hook length was signifi-
cantly different between G3 and G6 genotypes. Turceková et al. 
(17) showed that the shape and size of hooks were suitable for 
discriminating the G1 and G7 genotypes using nad1 sequence 

Figure 3. Rostellar hooks of a G6 camel isolate of Echinococcus 
granulosus protoscolex with one small and two large hooks 
shown in the inlet box. Bar = 50 μm

Dependent variable Genotype (No.) Mean (SD) p value*                    Group  p value**

 G1 (17) 18.75 (2.18)  G1 G6 0.02

     G3 0.99

Small Hook Length (μm) G6 (4) 22.20 (2.05) 0.008 G6 G1 0.02

     G3 0.12

 G3 (3) 18.80 (0.17)  G3 G1 0.99

     G6 0.12

 G1 (17) 22.79 (1.43)  G1 G6 0.02

     G3 0.85

Large Hook Length (μm) G6 (4) 25.72 (2.92) 0.055 G6 G1 0.02

     G3 0.04

 G3 (3) 22.20 (0.53)  G3 G1 0.85

     G6 0.04

*Kruskal-Wallis Test for mean difference of small and large hook length by genotypes
**Multiple comparison tests to determine where differences occur among group means

Table 1. Statistical analysis of mean differences of larval rostellar hook lengths in different genotypes of E. granulosus s.l. isolates
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data as a reference. A study on Mexican pig isolates using PCR-
RFLP and larval hook measurements showed that pig (G7), camel 
(G6) and horse (G4) isolates have significantly larger hooks than 
sheep (G1) strain isolates (18). The morphometry of rostellar 
hooks was investigated among human and livestock samples 
from Iran and the results showed that sheep and camel isolates 
could be differentiated by hook morphometry, although no 
molecular data was provided in the study for strain identification 
(5). Another study on ITS1 region, using PCR-RFLP, showed that 
sheep and camel strains are morphologically distinguishable by 
the measurements of the total and blade length of rostellar 
hooks of protoscoleces. This study showed that all human iso-
lates of the G1 genotype had mean large hook length less than 
25 μm, whereas all of the G6 isolates had hooks larger than 25 
μm (8). In the present study, one G6 isolate of camel origin, con-
firmed by DNA sequencing, had a large hook length less than 25 
μm in total, indicating that morphometry alone could not be 
relied on as the sole criterion for genotype identification; how-
ever, our human isolate was identified as G6 using both DNA-
sequence and rostellar small/large hook measurements.

This study failed to differentiate between the G1 and G3 iso-
lates, indicating remarkable phenotypic similarities between the 
two genotypes. This confirms recent categorisation of the G1 
and G3 genotypes along with G2 (G1-G3 complex) as E. granu-
losus sensu stricto (19, 20). Similarly, morphometric analysis of 
larval rostellar hooks of E. granulosus from Tasmanian (G2) and 
Australian (G1) host origin showed that these two strains are 
indistinguishable by hook morphology (9). 

Several studies have shown that at least a fraction of hook mor-
phological variation is attributed to host-induced effects (4, 9, 
21); however, this has not been analysed in the present study, 
because of the small number of isolates in each host category. 
Extensive studies on a larger number of isolates from different 
intermediate hosts using morphological and molecular tools are 
recommended.

CONCLUSION

We established the value of rostellar hook morphometry for dif-
ferentiating genotypes of E. granulosus s.l. in Iran. The G6 geno-
type is readily distinguishable from G1 by using both small and 
large hook lengths; however, only total large hook length was 
significantly different between the G3 and G6 genotypes. Hook 
morphometry could not differentiate between the G1 and G3 
isolates, indicating remarkable phenotypic similarities between 
the two genotypes.
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