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Abstract.- Fasciolosis is caused by a trematode parasite widely distributed world over. Phenotypic analysis has
been used to provide taxonomic position of Fasciola spp. This study highlights the taxonomical status of Fasciola
species infecting cattle and buffalo of Potohar region. Adult gravid flukes were isolated from infected livers of the
animals and were stained with Gower’s carmine. The phenotypic parameters taken into consideration were BL, BW,
VS-Post, VS-Vit indices and BL/BW ratios. The data was subjected to two way ANOVA and cluster analysis by using
SPSS 16.1 version. Cluster analysis using hierarchical approach and similarity coefficient indicated that there were no
phenotypic differences in Fasciola isolates of buffalo and cattle of Potohar and they were parasitized with the same
liver fluke species. Results also revealed that there was a close similarity of Iranian F.gigantica and F. intermedia with
that of local isolate. It was found that BL, BW and VS-Post values (mm) of Fasciola originating from Potohar region
were similar to Fasciola intermedia of Iran and Egypt, whereas BL/BW ratio and VS-Vit showed that Fasciola
isolates of Potohar region resembled with Fasciola gigantica of Iran. The genetic characterization of Fasciola
intermedia using appropriate genetic markers is necessary to further confirm above findings. This study would help in
developing indirect ELISA by using Fasciola intermedia for early diagnosis of fasciolosis in large ruminants.
Furthermore, it would also facilitate to study the sero-epidemiological pattern of fasciolosis in order to develop
effective control measures in Potohar region.
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INTRODUCTION

Fasciolosis is a trematode borne parasitic

disease infecting liver of large ruminants widely
prevalent throughout the world. Different Fasciola
spp. i.e., Fasciola gigantica, Fasciola hepatica and
Fasciola intermedia have been characterized based
on morphology. Fasciolosis results in economic
losses in livestock in the form of mortalities,
reduced fertility, abortions, slow growth and
reduction of milk and meat production, infected
livers and withered carcasses (Phiri et al., 2006).
Phenotypic analysis has been used most frequently
to study the systematics of fasciolids infecting
different vertebrate host species. Morphometrical
measurements of adult Fasciola originating from
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different hosts have been investigated in various
parts of the globe and regarding this different
morphometrical parameters have been used to
identify Fasciola spp. in Iran and Egypt (Valero et
al., 2001a, b; Ashrafi et al., 2006). In current study,
twenty morphometrical parameters of differentiation
have been taken up. Moreover emphasis was laid on
the comparison of five most valuable parameters to
analyze phenotypic variations in fasciolids. These
phenotypic parameters were; body length (BL),
body width (BW), distance between ventral sucker
and posterior end (VS-P), distance between the
ventral sucker and the union of the vitelline glands
(VS-Vit) indices and body length over body width
(BL/BW) ratios (Valero et al., 2001a,b; Lotfy et al.,
2002; Ashrafi et al.,, 2006). The morphometrical
measurements of Fasciola spp reported from Iran
and Egypt were taken as reference value to find out
the taxonomical status of Fasciola spp of bovine in
Potohar region of Pakistan.

Previously no such phenotypic analysis was
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carried out to investigate morphological aspects of
Fasciola spp in Potohar region of northern Punjab,
Pakistan. The purpose of present study was to
identify Fasciola spp. accountable for fasciolosis in
the Potohar region, which will facilitate to carry out
an epidemiological profile that might be helpful in
devising effective control measures. Besides,
information gathered will provide taxonomical
status of fasciolids established in different
geographical regions of Pakistan.

MATERIALS AND METHODS

Study area

The study area lies in the northern part of the
Punjab province of Pakistan known as the Potohar
region, lying between 32° - 30" N to 34° latitude and
from 71° - 45" E to 73° - 45" E longitudes. It is
situated at an elevation of 472.2 to 609.6 meter
above sea level lying to the south of Pakistan's
majestic northern mountain range (Kala Chitta
Range and the Margalla Hills); the salt range is
present on the southern side whereas in the west is
the River Indus and in the east is the River Jhelum

(Fig. 1).
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Fig. 1. Map of Punjab showing Potohar region.

Adult fluke's collection
The bovines (buffaloes and cattle) were
brought from different parts of Potohar region for

slaughter at local abattoirs during March 2006 to
March 2007. The livers along with gall bladders
including the bile duct were incised and examined
for the presence of adult gravid flukes. The flukes
were removed with the help of rubber coated
forceps to avoid any damage. Each worm was
washed separately 2-3 times in 0.9 percent saline to
remove the debris. Fasciola specimens were then
transported to the Parasitology laboratory and
preserved in 70 percent ethyl alcohol for later
phenotypic analysis.

Morphometry

Fluke’s staining

In this study 54 adult gravid flukes from 7
cattle and 153 from 12 buffalo were collected and
processed for staining. Staining procedure was
carried out with Gower's carmine adopted by
Bukhary (1988), with slight modifications in
dehydration process by considering thickness of
fluke specimen.

Morphometric measurement

All morphological measurements of adult
flukes taken were based on diagram (Fig. 2)
sketched by Periago et al. (2006). The stained adult
flukes were examined under dissecting microscope
and dimensions of the body were assessed using a
stereomicroscope/light microscope to measure
internal organs. All measurements were taken in
millimeters (mm) by the help of filar micrometer
(OSM-4, Olympus). Furthermore ratios of body
parts were also calculated where ever required.

Biometric parameters

The parameters considered (Fig. 2) for
phenotypic analysis were; Length of body (BL),
maximum width of body (BW), length of cone (CL),
width of cone (CW), diameter of the oral sucker;
maximum (OS max), diameter of the oral sucker;
minimum (OS min), diameter of the ventral sucker
maximum (VS max), diameter of the ventral sucker
minimum (VS min), distance between the anterior
end of the body and the ventral sucker (A-VS),
distance between the oral sucker and the ventral
sucker (OS-VS), distance between the ventral sucker
and the union of the vitelline glands (VS-Vit),
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Fig. 2. Standardized measurements in
gravid Fasciola gigantica (Periago et al., 2006).
Length of body (BL), maximum width of body
(BW), length of cone (CL), width of cone
(CW), diameter of the oral sucker; maximum
(OS max), diameter of the oral sucker;
minimum (OS min), diameter of the ventral
sucker maximum (VS max), diameter of the
ventral sucker minimum (VS min), distance
between the anterior end of the body and the
ventral sucker (A-VS), distance between the
oral sucker and the ventral sucker (OS-VS),
distance between the ventral sucker and the
union of the vitelline glands (VS-Vit), distance
between the union of the vitelline glands and
the posterior end of the body (Vit -P), distance
between the ventral sucker and the posterior end
of the body (VS-P), pharynx length (Ph L),
pharynx width (Ph W), Body area (BA), oral
sucker area (OSA), ventral sucker area (VSA);
BA was calculated as the product of BLXBW;
OSA and VSA were calculated as the product of
their diameters, body length over body width
(BL/BW) and oral sucker area over ventral
sucker area (OSA/VSA).

distance between the union of the vitelline glands
and the posterior end of the body (Vit -P), distance
between the ventral sucker and the posterior end of
the body (VS-P), pharynx length (Ph L), pharynx
width (Ph W), Body area (BA), oral sucker area
(OSA), ventral sucker area (VSA); BA was
calculated as the product of BLXxBW; OSA and VSA
were calculated as the product of their diameters,
body length over body width (BL/BW) and oral
sucker area over ventral sucker area (OSA/VSA).

Statistical analysis

In the present study a two way ANOVA (5%
significance level) was used to find out the
difference in morphological parameters. Moreover,
Cluster Analysis was also done by using SPSS
Version 16.1 to find out the resemblance and
relationship between fasciolid species.

RESULTS

Morphometric indices taken up in this study
consist of twenty different parameters based on
lineal biometric characters, areas and ratios. It was
observed that measurements of nine parameters
(BL, VS min, VS max, PhW, OS-VS, BA, OSA,
VSA, BL/BW) resemble with F. gigantica, six
parameters (CL, CW, VS-Vit, VS-Post, Vit-Post,
OSA/VSA) with Fasciola spp and five parameters
(BW, OS min, OS max, PhL, A-VS) with
F.hepatica (Table I). In the present study five useful
and most favorably used differentiating
morphometrical parameters (BL, BW, BL/BW, VS-
Vit, VS-Post) for species differentiation were
considered for phenotypic characterization of
fasciolids (Valero et al., 2001; Lotfy et al., 2002;
Ashrafi et al., 2006). These parameters were used
for species differentiation (Table I1) as coefficient of
variation was 21.43% (<0.05). The results revealed
that BL, BW values and distance between VS-
Posterior of the liver flukes reported in the Potohar
region resembles with F. intermedia of Egypt and
Iran (Figs. 3A-C), whereas the BL/BW ratio and
distance between VS-Vit showed the liver fluke of
Potohar region resembling with F. gigantica of Iran
(Figs. 3D,E).

Cluster analysis using the hierarchical
approach, was also used to evaluate the relationship
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Table I1.-  The ANOVA table showed that the p-values of

phenotypic parameters and Fasciola groups
(P<0.05).

Source  Degree Sum of Mean F- P-
of Squares  square value value
freedom

Rep 4 5062.23  1265.558 83.09 0.0000

Type 7 567.38 81.054 5.32  0.0006

Error 28 426.48 15.231

Total 39 6056.09

Coefficient of variation = 21.43%
Grand mean, 18.213; Grand sum, 728.510; Total count, 40.

and resemblance between the Pakistani Fasciola
with three fasciolids reported in Iran and Egypt. The
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E
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£
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Fg. 3. Various measurement of Potohar
Fasciola intermedia compared with Fasciola
gigantica (Fg), Fasciola hepatica (Fh), Fasciola
spp. / intermedia of Iran and Egypt. A, body
length (BL); B, ventral Sucker to Posterior end
(VS-Post); C, body width (BW); D, Ratio of
Body length/Body width (BL/BW); E, length
range from Ventral Sucker to union of Vitelline
glands (VS-Vit);

proximity table of five morphometrical characters
(Table I111) depicted the distance from one worm
species group to another group whereas; the
proximity matrix (dissimilarity matrix) showed
similarities by furnishing the distances between the
cases. The Squared Euclidean distance (SED)
demonstrated the similarity index among all the
fasciolids (Table I11). Simultaneously, SED showed
that there was no phenotypic differences among the
Fasciola prevalent in buffalo and cattle (SED is
0.007) of Potohar region. It was inferred that there is
a close similarity of F. gigantica and Fasciola
intermedia of Iran with that of Potohar region (SED
is 0.192, 0.615), respectively. In agglomerative
clustering the similarity coefficients indicated that
Potohar buffalo and cattle are exhibiting lowest



PHENOTYPIC ANALYSIS OF ADULT FASCIOLA SPP. OF POTOHAR REGION 1075

proximity distance which showed that both hosts
were parasitized with same liver fluke species
(Table 1V). The dendrogram represents the
similarities among the different fasciolids (Fig. 4).

Table I1l.-  Proximity matrix of BL, BW, BL/BW, VS-Vit,
VS-Post morphometrical parameters between
Fasciola groups (1, Buf-Pak; 2, Cat-Pak; 3,
Bov-Iran-Fg; 4, Bov-lran Fsp; 5, Bov-lran-Fh;
6, Bov-Egypt-Fg; 7, Bov-Egypt-Fsp; 8, Bov-
Egypt-Fh)  showing Squared Euclidean
Distance (SED)
Proximity Matrix
Squared Euclidean Distance
1:Buf- 2:Cat-
Case Pak Pak 3:Bov- 4:Bov- S5:Bov- 6:Bov- T:Bov- 8:Bov-
Fuasciols Fasciola IranFg IranFsp IranFh EgyvptFg EgvptFsp EgvptFh
1:Buf-Pak ~ 5 - - 1 5
o 000007 102 613 2319 1111 1414 2611
?;ﬂi:f;i“k 007 000 200 316 2125 1.090 1272 2392
3:Bov-Iran 192 200 000 1075 3212 674 1718 3478
Fg
:.:B""'I'“" 615 516 1073 000 595 21903 4 L
sp
"S;f”"'[m 2319 2125 3212 505 000 4331 1413 Am
6:Bov- L e ama \s
EavptFe 1111 1090 674 2193 4331 000 1258 3.733
T:Bov- 277 7 74 413 25 74
EgptEsp 1414 1212 L7 974 1415 1258 000 749
§:Bov- s vier  aan vy g s -,
EgvptFh 2611 2302 3478 1122 477 3.733 749 000

‘This is 2 dissimilarity matrix

CASE 0 3 10 15 20 25

Label 3 S S S

e

I

Euf-Pak
Cat-Fak
Fg-Iran
E=p-Izan
Fg-Egyps
Fh-Iran
Eh-Egypt
F=p-Egypt

PUN L R T A

Fig. 4. Dendrogram using average linkage
(Between Groups) based on 5 morphometrical
parameters among 8 groups (Rescaled Distance
Cluster Combine).

DISCUSSION

The morphological data based on F.
gigantica, F. hepatica and F. intermedia from Iran
and Egypt (Periago et al., 2008), was used as a
reference standard for comparison of Fasciola spp,
prevalent in Potohar region. Ashrafi et al. (2006)

initially outlined BL/ BW, VS-Vit followed by VS-
P as an important index of differentiation between

Table IV.-  Agglomeration Schedule of BL, BW, BL/BW,
VS-Vit, VS-Post morphometrical parameters
Fasciola groups (1, Buf-Pak; 2, Cat-Pak; 3,
Bov-lran-Fg; 4, Bov-lran Fsp; 5, Bov-lran-Fh;
6, Bov-Egypt-Fg; 7, Bov-Egypt-Fsp; 8, Bov-
Egypt-Fh)

Stage Cluster Combined Coefficient

Cluster 1 Cluster 2

1 1 2 .007

2 1 3 .196

3 5 8 AT7

4 1 4 735

5 5 7 1.082

6 1 6 1.267

7 1 5 2.170

the fasciolids species. The present study shows that
Fasciola in cattle and buffalo are morphologically
identical as indicated by Ashrafi et al. (2006) and
Periago et al. (2008). Previous studies consider
buffalo and cattle as bovines, on the other hand
some earlier studies suggest conflicting data on the
size of the liver fluke hosted in different animals,
with occasional details signifying, flukes from cattle
are larger than from sheep, but without attaining any
valid conclusion (Panaccio and Trudgett, 1999).
Moreover, some studies concluded that the flukes in
sheep grow faster, more uniformly and reach a
larger size as compared to cattle (Valero et al.,
2001a,b). It has been reported that morphometric
patterns are dependent upon the host species (Sahba
et al., 1972; Terasaki et al., 2000; Valero et al.,
2001a; Lotfy et al., 2002; Mas-Coma et al., 2005;
Ashrafi et al., 2006). Later on Ghavami (2009)
showed that flukes isolated from sheep are larger
than those of cattle, may be because of low
resistance in sheep than in cattle exhibiting
moderate resistance against parasite. Besides,
differences in morphometry of organs of fasciolids
can be influenced by intensity of infection, host
species, age and immune reactions due to a possible
previous exposure to the infection.

The main difference between F. gigantica
and F. hepatica is the larger size of the former, as
well an elongated body and a narrow posterior end.
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Whereas, F. hepatica has a different shape. The
simplest and common way to differentiate between
the two species is the length and body shape
(Kendall, 1965). Earlier studies outlined by Cobbold
(1855) and Varma (1953) show the presence of
numerous secondary intestinal ramifications in
F.gigantica. Though it is emphasized that external
morphology, especially the size and shape of the
body are helpful in identification, nevertheless,
many authors agree that it is very difficult to
achieve a precise classification criterion as many
variations  exist in  their  morphological
characteristics (Kimura et al., 1984). The patterns of
the reproductive organs and intestines serve as a
differentiating factor however, natural ramifications
makes this characteristic unreliable for identification
(Watanabe, 1962; Bergeon and Laurent, 1970).
Many morphometric studies have been carried out
but none have emphasized on the comparison of
both species (Srimuzipo et al., 2000). Nevertheless,
differentiating between fasciolids in areas where
both species overlap is quite intricate, although
different computer programs have been used in
previous studies for analyzing morphometrical
parameters.

The present study concludes that
morphometrical indicators used for differentiating
between Fasciola species indicate that liver fluke
specimens from Potohar are not pure F. gigantica or
F. hepatica, but an intermediate form of Fasciola
spp which apparently looks more like F. gigantica.
Furthermore the Potohar species resembles more to
the Iranian Fasciola species as compared to the
Egyptian isolates. This might be due to introduction
of metacercariae through bird migration and cross
border movement of livestock.

The three species of Fasciola (F. hepatica, F.
gigantica, F. intermedia) are phenotypically very
similar to each other (Srimuzipo et al., 2000;
Terasaki et al., 2000) and due to the presence of
intra-species  morphometric  differences  and
significant overlaps of these indices between the
two species, it is emphasized that morphometric
measurements alone are insufficient for differential
diagnosis of the fasciolid species. Therefore, it is
suggested to genetically characterize the reported
Fasciola intermedia using appropriate genetic
markers. This study would help in developing

indirect ELISA by using Fasciola intermedia for
early diagnosis of fasciolosis in large ruminants.
Furthermore, it would also facilitate to study the
sero-epidemiological pattern of fasciolosis in order
to develop effective control measures in Potohar
region.
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