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ABSTRACT

Introduction: Protoscolex and hook morphology had been used to identify different strains of Echinococcus granulosus.
Method: In the present study, hydatid sand was isolated from infected organs such as liver, lung and spleen from slaughtered
animals in several abattoirs in the selected study areas in Libya. Scanning Electron Microscope (SEM) was used to describe
the outer surface of the Protoscoleces and the hooks. Result: SEM pictures showed different morphological characters of the
outer surface of the different parts of the same protoscolex. Also, the buds on the outer surface of brood capsule, and showed
some differences between the large and small hooks. These findings appeared the that there was a correlation with significant
statistical difference between the measurements of large as well as small hooks from the same organs of each host as well as
between different hosts. Conclusion: Finally, it was difficult to determine whether these cases are not real distortions in the
morphology of E. granulosus. They possibly could be caused by mutation or related to a special strain of E.granulosus. Thus,
the findings of the present study would suggest that there is a need to consider relationships between the different characters of

hooks with different strains of E.granulosus.
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INTRODUCTION

Cystic echinococcosis is amongst the most important
parasitic zoonoses and remains a public health and
economic problem of global concern.! Hydatid disease
is endemic in Libya, where many domestic animals act
as intermediate hosts of Echinococcus granulosus.>?
Recently still have considered the disease as zoonotic
disease in Libya.**

The larva of E. granulosus develops as a fluid bladder
by a cyst wall. Protoscoleces have derived from germinal
layer, which grew toward the cyst cavity, the method of
the derived of the buds from the germinal layer become
Protoscoleces is not known.” Usually the larval hooks
characters remain unchanged by passage through the
final host.® Normally the protoscolex is invaginated
into the posterior region’ by external factors stimulate
evagination, the body of evaginated Protoscoleces
consisted of three parts rostellum with two rows of
hooks, non- rostellar part bearing four suckers and the
posterior part called Samoa.?

Recent studies by Scanning Electron Microscope (SEM)
detected that hooks of the upper row are long compared

with the hooks of the lower row.! Until now, there
were limited studies using SEM.!*" Criteria used in
recognition of specific strains have all emphasized the
use of morphological details, particularly that of the
protoscoleces and hooks."

In Libya, sheep- dog strain of E. granulosus is widespread
in a farmed area.'® Criteria used in the recognition
of specific strains have all emphasized the use of
morphological details, particularly of the Protoscoleces
and hooks.”” The morphology of the Protoscoleces
isolated from Libyan infections using the Scanning
Electron Microscope, they presented a pioneer study
in this field, but called for confirmation of their results
and stated that identification of different strains may be
in epidemiological investigations.?

The aim of the present work, therefore, is the study of
the morphological characters of the Protoscoleces and
brood capsules isolated from liver, lung and spleen of
slaughtered animals by Scanning Electron Microscope.
Variations in morphometric measurements of rostellar
hooks in the different strains of E. granulosus were
determined using Computer Image Analysis System
(CIAS) to find out their possible role in strain recognition.
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METHODS

Collection of Hydatid Cysts
These were collected from sheep (0-10 years old), camels
(3-10 years old) from different areas in Libya.

Preparation of Hydatid Sand

Hydatid fluid was aspirated from 16 cysts in sheep, and
12 from camels. Hydatid sand was prepared by repeated
centrifugations, and washed several times in phosphate
buffer, and fixed in 3% (V/V) glutaraldehyde in 0.1 M
of the phosphate buffer; the resuspended samples were
centrifuged two times for 5 min at 1000 RPM. The
supernatant was discarded, and the pellet was resuspended
in 1% osmium tetroxide prepared at room temperature
on the stubs with a double-sided sticky tape, and then,
sputter coated with gold. The preparations were viewed
in Leo Supra 50 VP field Emission SEM (Model Carl-Ziess
SMT, Oberkochen, Germany). In terms of estimating the
differences in the shape of hooks, computer image software
was used to detect any significant difference between the
hooks as in Figure 1.

Lastly, the guard angle was measured as the angle between
the blade and guard regions. In addition, this measurement
was used to determine the correlation between the
measurements of different parts in large and small hooks
in the same and different organs as Figure 2.

Data Analysis

Statistical analysis was based on correlating all the
measurements between large and small hooks from the
same organ from the same host and between different
hosts by SEM. Morphometric data was analyzed using
Computer Image Analysis System (CIAS) and SPSS
software v.19.

Figure 1: Measurements of the hook lengths using computer image analysis
system Key: TL = Total length, BL = blade length, HL = handle length and
W = width
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RESULTS

Hydatid Sand from Slaughtered Sheep

Figure 3 illustrates an invaginated protoscolex with a hole
from sheep liver, where suckers start to appear during the
process of evagination, while Figure 4 illustrates the rostellar
hook starting to appear during the process of evaginating
of protoscolex from sheep lung. The hooks were covered
by microtriches. In addition, different types of hooks were
detected by SEM. As illustrated in Figure 5 some hooks
were of normal appearance, whereby the outer surface of
the hooks was smooth. However, sometimes there were
notches on the dorsal surface or in the space between the
guard and handle, as illustrated in Figure 6. Normally, the
guard area of these hooks was attached to the body of the
hook and extended deeper into the rostellum region. It was
found that there were different shapes of guards on the
hooks and sometimes the hooks had abnormal guards or
did not have a guard, as illustrated in Figure 7. In addition,
since the hooks used the handle to attach their body to the
rostellum, they were pointed slightly and curved. However,

Figure 2: Measurements of the guard angle were described by the red arrow

Figure 3: Invaginated protoscolex with a hole (arrow) from sheep liver
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Figure 4: Rostellar hooks (arrow) starting to appear from invaginated protoscolex

Figure 5: Large and small hooks from hydatid sand in sheep

sometimes, it was found that there were abnormal handles,
which were small or crooked.

It was found that the average length of the large hooks
in sheep liver was 21.5 um and 21.0 um in sheep lung
respectively. The normality of the values of large hooks
between liver and lung were of high significance based on the
Shapiro-Wilk test (P<0. 01). However, based on the ANOVA
test, the differences in the values were not significant.

On the other hand, the average length of small hooks
from sheep liver and lung was 16.29 um and 18.97 um
respectively. Normality test and ANOVA tests between
the values of small hooks of the same organ or between
different organs was non-significant. However, these tests
between the values of large and small hooks from liver
and lung were of high significant difference (P<0.01) as
illustrated in Table 1.

Table 2 illustrated the average length of the handle, and

the width of large hooks in liver and lung. Also shown the
guard angle.
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Figure 6: Hooks with notches (arrows) on the dorsal surface

Figure 7: Abnormal guard and handle (arrows) in hooks from hydatid sand in
sheep

In terms of the large hooks of liver, it was found that there
was a strong and positive correlation with the total length
of the blade and handle lengths and a highly significant
difference (r = 0.87; 0.893) respectively. Also, in terms
of blade length and handle length there was a strong
correlation and a significant difference (r = 0.71). On the
other hand, there was only a moderate correlation between
the width and total length of blade and handle respectively,
and there was a non-significant difference (r = 0.44; 0.46;
0.36 respectively).

In terms of the correlation of large hooks from lung sheep,
it was found that there was a strong correlation with a high
statistical significance (P<0.01) between the total length and
the blade, handle lengths and width, (r = 0.77; 0.88; 0.78),
respectively. In addition, there are a strong correlation and
high statistical differences between blade and handle length
and width (r = 0.622; 0.819 respectively).

In terms of the small hooks from liver and lung sheep, there
was a strong correlation and high statistical differences
between total length and blade, (r=0.89; 0.75) respectively,

Acta Medica International 76



Elmajdoub, et al.: Electron Microscopic Study of Echinococcus Granulosus

as well as between total length and handle and width in
liver (r = 0.97; 0.89) and lung (r = 0.96; 0.77). In addition,
there was a strong correlation between the width and blade
and handle lengths, (r = 0.75; 0.86) in liver and (r = 0.75;
0.72) in the lung. Similarly, there was a strong correlation
with significant difference (r = 0.81) between blade and
handle length in the liver, but in the case of lung, there
was only a moderate correlation with non-significant
difference.

Hydatid Sand from Slaughtered Camel

When the SEM was used to examine the samples from
camels, they revealed brood capsules, including 8-12
invaginated protoscoleces surrounded by a thin membrane
and some external outgrowths (buds) on the outer surface
of the brood capsule, which probably indicate the future
formation of external protoscoleces as illustrated in Figure 8.
Figure 9 illustrates evaginated protoscolex, showing
rostellum hook, suckers and posterior part (Samoa).

In Figure 10, the whole amount of a protoscolex that has
completed evagination showing rostellum hooks, suckers

and its posterior part. The suckers are covered with long
and thick mictrotriches with free ends, but are not joined
together, whereas, the hooks are covered with long and
thin mictrotriches with a free end and are joined together
as illustrated in Figure 11.

Figure 8: SEM of brood capsules showing exterior outgrowth

Table 1: The Mean (pm) and statistical analysis of total and Blade lengths of large and small hooks from sheep

Total Length

Blade Length

Large hooks

Small hooks

Large hooks Small hooks

Liver Lung Liver Lung Liver Lung Liver Lung
Mean#S.E 21.58+0.96 21.02+1.26 16.29+£1.33 18.98+1.66 11.48+0.45 11.16+£0.53 7.23+0.45 7.68+0.65
Significance NS NS NS NS
- —> > €«
M M * %
C——
NS=Non-significant difference ** High significant difference P<0.01
Table 2: The mean (um) of handle length, width and guard angle of large and small hooks from sheep
Handle length (pm) Width (pm) Guard angle
Large hooks Small hooks Large hooks Small hooks Large hooks Small hooks
Liver Lung Liver Lung Liver Lung Liver Lung Liver Lung Liver Lung
Mean+S.E  10.23+0.6 9.85+0.87 9.01+0.91 11.45+1.14 7.30+0.38 7.31+0.62 5.52+0.48 6.19£0.7 122.9+2.78 114.3+2.85 120.6+3.59 108.7+5.92
Significance NS NS NS NS NS *
> > > > > «—>

M

NS=Nonsignificant difference *Slight significant difference P<0.05. ** High significant difference P<0.01

Table 3: The mean (pm) and statistical analysis of blade lengths of large and small hooks in camels

Total length (pm)

Blade length (pm)

Large hooks

Small hooks

Large hooks Small hooks

Liver Lung Liver Lung Liver Lung Liver Lung
MeanzS.E 30.29+1.58 29.4£1.39 23.69+2.23 19.28+0.77 16.37+0.73 15.71£0.47 11.33+1.33 8.68+0.42
Significance NS NS NS *
“«—> “—> «—> “—>
< > D e

NS=Nonsignificant difference P>0.05 *Slight significant difference P<0.05.** High significant difference P<0.01
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Figure 11: Magnification of the part of Figure 10 showing mictrotriches on the
suckers (red arrow) and hooks (blue arrow)

Also, the SEM revealed the presence of different shapes of
large and small hooks in the fluid of camels. The average of
total length of the large hooks was 30 um and that of small
hooks 19 um, while the maximum width of large hooks was
5-9 um and about 6 pm in small hooks. Thus, the maximum
width of large and small hooks was the same.

| Jul - Dec 2014 | Vol 1 | Issue 2 |

In terms of the average length of the large hooks from the
liver and lung of camels they were approximately 30.3 um
and 29.4 um respectively, whereas, the average length of
small hooks from the same organs was approximately
23.6 um and 19.2 um respectively. There was a non-
significant difference between large hooks from the liver
and lung as illustrated in Table 3. Also illustrates the
average blade length for large and small hooks from the
liver and lung.

In terms of the average length of the handle of hooks from
the lung and liver, it was 11.69 um in the lung and 14 um
in the liver while the average length of small hooks in the
liver was 13.2 um and 9.86 pm in the lung. It was found that
there as a non-significant difference in all the measurements
between large and small hooks from the liver and the lung.
However, the width of large and small hooks was similar
in the liver and the lung.

In terms of the guard angle with large hooks from the liver,
it was 120.19 and for small hooks it was 119 while it was
122.9 for large hooks from the lung and 124.16 for small
hooks as illustrated in Table 4.

In terms of the correlation between total length of blade
and handle it was strong, (r = 0.899; 0.717 respectively),
but there was a moderate and negative correlation between
total length and width of large hooks in the liver of camels
(r =-0.543). However, there was a moderate and positive
correlation between blade and handle length, (r = 0.418)
but, between the blade and width there was a moderate
and negative correlation (r = - 0.571). Finally, between
handle length and width, the correlation was extremely
weak (r = 0.085).

In terms of correlation between the total length and handle
length of large hooks in the lung, there was a strong, positive
correlation (r=0.874), but, the correlation was negative and
poor in relation to blade length (r = - 0.231) and moderate
in relation to the width (r = - 0.474). In terms of correlation
between blade and handle, it was weak and negative
(r =- 0.253), while the correlation between the width and
blade length was strong and significant (r=0.961). However,
the correlation between the width and handle length was
moderate and negative (r = - 0.506).

On the other hand, there was a strong and significant
correlation between total length and blade length and width
of small hooks from camel liver (r = 0.928*; r= 0.909**).
However, while the correlation between total length and
handle length was strong, there was a non-significant
difference (r = 0.776™%).Finally, the correlation between
handle length and blade and width was moderate and
positive (r = 0.590; 0.529 respectively) while between blade
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Table 4: The mean (um) and statistical analysis of handle length, width and Guard angle large and small hooks in lung

and liver of camel

Handle length (pm) Width (pm) Guard Angle
Large hooks Small hooks Large hooks Small hooks Large hooks Small hooks
Liver Lung Liver Lung Liver Lung Liver Lung Liver Lung Liver Lung
Mean+S.E  14.01+0.74 11.69+0.67 13.15£1.54 9.86+0.91 8.78+1.4 6.65+0.34 7.55+0.53 6.48+0.6 120.19+3.08 122.9+4.88 119+4.18 124.16+3.72
Significance NS NS NS NS NS NS
L — L — L > > L
>

NS=non-significant difference P>0.05 ** High significant difference P<0.01

length with width, there was a strong and significant
correlation (r = 0.916**).

In terms of the correlation between total length and handle
length and width in small hooks from the lung of camels
it was strong (r = 0.756; 0.755 respectively). However the
correlation between total length and blade length was
weak (r =0.220). Similarly, there was a weak and a negative
correlation between blade length and handle (r = - 0.399)
while there was a weak but positive correlation between
blade length and width (r = 0.343).

** High significant difference P <0.01.

Estimation of the Relationship Between the Measurements
of Hooks from Sheep and Camel

In this section, a comparative relationship is discussed.
In terms of the correlation between the total length of
large and small hooks from the liver of sheep and camel
it was extremely weak and negative and significant
(r = -0.119*%; -0.167**), (P<0.01). In comparison, the
correlation between the total length of the large hooks from
sheep and camel was moderate and positive and significant
(r=0.446**), (P<0.01) while the correlation between the total
length of small hooks from sheep and camel was a moderate
and negative correlation and non-significant (r = - 0.562%).

In terms of the correlation between the blade length of the
large hooks from the liver in sheep and camel, there was
a moderate and negative correlation with a high statistical
difference (r = - 0.538**). However, in terms of small hooks
from the same organ, the correlation was weak and negative
with a high significant difference (r=- 0.281**). Similarly, the
correlation between the blade length of the large hooks from
the lung in sheep and camel was moderate and negative
with a high significant difference (r = - 0.683**) while the
correlation between blade length of small hooks from the
same organ was weak and positive with non-significant
difference between them (r = 0.302"%).

In terms of the correlation between handle length of large
hooks from the liver of sheep and camel, there was a weak
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correlation with a slight difference (r = 0.215%), while the
correlation between handle length of large hooks from
the lung was strong with a non-significant difference
(r = 0.827™). In addition, the correlation between handle
length of small hooks from the liver of sheep and camel
was extremely weak and negative, but there was a slight
significant difference (r =- 0.037*), while from the lung there
was a strong correlation with a non-significant difference
(r=0.898™).

Finally, the correlation of width of large hooks from the
liver of sheep and camel was extremely weak with a
non-significant difference (r = 0.045Y%). Similarly, in the
case of the lung, it was also extremely weak, but with a
slight significant difference (r = 0.288%). On the other hand,
the correlation of width of small hooks from the liver of
sheep and camel was moderate with a non-significant
difference (r = 0.623"°) while in the case of the lung the
correlation was extremely weak with a non-significant
difference (r = 0.165).

From these results, it could be concluded that there was a
correlation with significant statistical difference between
the measurements of large as well as small hooks from the
same organs of each host as well as between different hosts.

DISCUSSION

Many topics concerning the taxonomy of Echinococcus
granulosus have determined on the morphological
techniques. Usually there have been a need to acquire
images for recording brood capsules, protoscoleces and
rostellar hooks. For this time, just classic morphological
techniques as the contrast microscopy, scanning electron
microscopy used to describe the morphological characters
for the organism.'>'*58 In this work, there use the scanning
electron microscopy for showing the structure of the brood
capsules, protoscoleces and hooks,

A number of studies have been carried out to describe

the contents of hydatid sand using scanning electron
microscope.” 14131920 However, all these studies focused on
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the general morphology of protoscoleces and hooks without
taking into account the organ and host factors. In contrast,
the present study used SEM to investigate the size, shape of
hooks from liver and lung from sheep and camels.

Firstly, the findings of the present study revealed, for the
first time that in terms of the measurements of large and
small hooks between liver and lung were of no significant
difference. This indicated that the spread of the strain of
E. granulosus was not dependant on the organs, but only
on the hosts. Thus, between sheep and camels there was a
high statistical difference only between all measurements of
large hooks (P<0.01), but not so between small hooks. This
revealed that large hooks could be used as an important
indicator to distinguish between strains of E. granulosus.
However, it should be noted that these results were obtained
from limited measurements of large and small hooks using
SEM. Thus, there is a further need to use a large number of
hooks from different organs from sheep and camels using
Computer Image Analysis System (CIAS).

Secondly, in terms of the description of the morphology
of large and small hooks of sheep origin, the large hooks
had a slender guard, but the guard in small hooks was
solid and spherical shaped. Scanning electron studies
detected that large hooks were long, pointed, curved and
less robust in comparison with small hooks. The present
findings corroborated those,'* but their study did not use
SEM to determine the intermediate hosts. In terms of the
description of the morphology of large and small hooks
of camel origin, the guard of large hooks was strong
and oval shaped, and the distance between the guard
and handle was almost similar to those from sheep. In
addition, the guard of small hooks from camels was flat
and the edges between guard and handle were serrated for
reduced movement due to increased attrition. This finding
corresponded to that."

Thirdly, it was found that there were little projections on
the surface of the germinal layer. However, the role of these
projections could not be determined. It was found that the
protoscolex of camel had mictrotriches that covered the
hooks and appeared shorter and thinner than thus appear
that covered the suckers. In addition, the free ends of these
mictrotriches of suckers were thicker and had a loop-like
appearance. This description of mictrotriches of the present
study corporate that,'* where they described two types of
mictrotriches in the same location but between invaginated
and evaginated protoscolex. However, the findings of
this present study described these mictrotriches on the
same evaginated protoscolex. These mictrotriches play an
important role in sensing the environment and determining
the viability of protoscoleces.
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