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SUMMARY

Parasitological diagnosis of fascioliasis and the detection of Fasciola egg
in feces alone is generally inadequate. This study aimed to use the
enzyme linked immunosorbent assay (ELISA) in the diagnosis and early
detection of fascioliasis in sheep, also comparing results of ELISA test
and that of parasitological examination of feces for the detection of
Fasciola egg and studying the clinical signs and the biochemical changes
associated with sheep fascioliasis. 145 Egyptian Balady sheep of both
sexes, 3-7 years old were investigated in this study. Clinical and
laboratory investigation proved that 39 animals of the examined cases
were clinically healthy, showing sings of soundness, good body
condition score and free from any internal or external parasites. These
animals were kept as control. The rest (106 animals) of the examined
sheep were found suffering from variable degrees of emaciation, debility
and paleness of the mucous membranes. Frequent to continuous attack of
diarrthea was also observed. Some cases showed edema in the
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submandibular space (bottle jaw) in addition to severe reduction in both
productive and reproductive state. ELISA test revealed high incidence of
fascoliasis among ill-health sheep [74 positive cases of the 106 ill-health
animal (69.8 %)]. Fasciola spp. eggs were detected only in 22 of the 74
fecal samples of the infested sheep (29.73 %). The application of ELISA
test for the detection of antibodies against Fasciola in sheep infested
with helminthes parasites other than Fasciola species revealed negative
results, which proved that ELISA is considered a good and specific test
for the routine and earliest diagnosis of liver fluke infestation in sheep
livestock. The probability by which the infested animal is identified by
the ELISA test as positive in this work was 90.91 % (sensitivity of
ELISA). On the other hand the probability by which a non-diseased
animal is identified by the ELISA test as negative reached 94.87 %
(specificity of the ELISA). By the using of ELISA test the false positive
cases reached 9.1 % and the false negative cases reached 5.3 %.
Biochemical investigations of blood serum revealed that the average
values of the total protein in the infested animals were not changed,
however the level of albumin in the blood serum of sheep infested with
Fasciola and those infested with internal parasites other than Fasciola
was highly reduced. On the other hand high significant elevation of
globulin was found in blood of sheep infested with Fasciola. Concerning
the blood serum levels of total and direct bilirubin, there were
insignificant changes in their mean values in the different groups. There
were highly significant increases in the serum activity of y-glutamyl
transferase enzyme (y-GT), aspartate aminotransferase (AST) and
allanine aminotransferase (ALT) in sheep infested only with Fasciola
and those infested with Fasciola and other helminthes parasites.

Key words: Fusciola, ELISA, sheep fasccioliasi.
INTRODUCTION

Fascioliasis is one of the major causes of economic losses
resulting from mortality and morbidity in sheep (Njau et al., 1989). In
Egypt liver flukes are the most helminthes parasites among animals. The
direct impacts of Fasciola are liver lesions, reduction in feed utilization
efficiency, deprivation of animals from digested nutrients and reduced
feed intake through loss of appetite and discomfort leading to reduced
feeding time. Fasciola infestation causes the condemnation of the
affected liver or the part, which had undergone cirrhosis, and
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calcification rendering it unfit for human consumption (Ayoub, 1983).
El-Bahy (1997) mentioned that the pathological changes that occurred
during the migration of liver flukes was economically and
immunologically dangerous as it decrease body resistance and increasing
their susceptibility to infection by other disease as well as marked
decreasing in animal productivity. Also fascioliasis has an adverse effect
on conception and establishment of fetus (Caudery, 1976) in addition to
reduction of the fertility (Rommanik, 1977 and Arthur, 1977).

Fascioliasis in animals is of special interest during the last years
in Nile delta region of Egypt. This is mainly due to the increase in
percentage of human infestation (Hassan ef al., 1995). Human is infested
accidentally by ingestion of raw aquatic vegetables or water
contamination with metacercaria (Han ef al., 1996). Human fascioliasis
is becoming an increasingly important clinical and epidemiological
problem in Egypt (Hammounda et al., 1995). A case of fascioliasis in
person dealing with sheep was reported by Jones and Smith (1963). It
was diagnosed by a strongly positive complement fixation test for
Fasciola without detecting ova in his feces. The authors suggested that
the patient acquired the infection from his hand while eating after
handling sheep.

Parasitological examinations for the detection of eggs in feces are
often negative in humans even after infections are patent. Thus, serologic
diagnosis is an attractive alternative to help define infection as an adjunct
to clinical findings. Serodiagnosis is also useful in epidemiological
studies for human and animals infections. Antibody detection assays are
both sensitive and early predictors of infection. For example ELISA test
using. F. hepatica excretion secretion (F.h. ES) antigens become
positive within 2 weeks of animal infection.

Clinically the disease in sheep is manifested by dullness,
weakness, lack of appetite, pallor of mucus membranes and conjunctivae
and pain if pressure is exerted over the area of the liver. In acute
fascioliasis death occurs quickly, usually less than 48 hours from the
appearance of the disease and may be accompanied by the passage of
blood stained discharge from nostrils and anus. Furthermore outbreaks
are most common and severe in young sheep and are relatively of short
duration (Bhaskara and Madhubala, 1998). Sub acute fascioliasis is also
described in sheep, it results from the ingestion of large number of
metacercaria over a longer period of the time, and the major signs in
infested animals are weight loss and pallor of mucous membranes. The
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submandibular edema could be seen in only few cases, but many animals
will resent palpation over the region of the liver (Urquhart et al., 1996).
Chronic Fascioliasis occurs when small numbers of metacercaoriae
usually 200 - 500 are ingested over long period. Infested sheep are
characterized by the classical clinical signs of liver fluke infestation,
which are loss of weight, developed submandibular edema (bottle jaw)
and pallor of the mucosa over a period of weeks. Shedding of wool may
occur. The course of the disease is long as 2-3 months in those, which
die, however many can survive but are emaciated for a long period
(Radostits et al., 1994; and Bowman, 1999). Anemia could not detected
in sheep in migratory phase (Sinclair, 1962), however a single dose of
5000 larvae of Fasciola could produce severe anemia (Ross et al., 1967).

Thabet (1995) and Nwiyi and Chaudrai (1996) found that the
total level of protein in serum of female and male sheep suffering from
F. gigantica was decreased. The blood serum level of albumin in two
breeds of sheep experimentally infested with F.gigantica was declined 7
- 10 weeks post infection (Waweru et al., 1999). On the other hand
Thabet (1995) reported that the mean value of blood serum globulin in
male and female sheep suffered from F. gigantica was elevated.

Significant increase in blood serum level of total bilirubin in
sheep infested with Fasciola gigantica was recorded by El-Samani et al.
(1985). Aspartate aminotransferase (AST) and allanine aminotransferase
(ALT) activities were directly increased in blood in response to
obstructive disease of liver (Fascioliasis) (Alan, 1994 and Margri Sirios,
1995).

This study aimed to: throw a light on the uses of the recent
methods as ELISA test in diagnosis and early detection of fascioliasis in
sheep, comparing results of ELISA test and that of parasitological
examination of feces for the detection of Fasciola egg and studying the
clinical signs and the biochemical changes associating sheep fascioliasis.

MATERIALS and METHODS
1- Animals:

A total number of 145 Egyptian Balady sheep of both sexes, 3-7
years old were investigated in this study. The animals were belonged to
individual private farms in some villages at Assiut Governorate, Egypt.
Careful routine clinical examinations of these studied cases were carried
out as methods described by Rosenberger (1990) and Radostits et al.
(1994). Laboratory investigations including blood analysis, liver function
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tests and fecal examination were carried out on samples from each
animal of the studied cases.
II- Samples and adopted methods:

A) Blood samples:

8-10 ml whole blood samples without anticoagulants were
collected from each animal of both control and diseased groups. These
samples were used for obtaining blood serum for the determination of
total protein (T. ptn. g/l), albumin, g/l; total bilirubin (umol/l); direct
bilirubin (umol/l); y-glutamyletransferase (y-GT,U/l); aspartate
aminotransferase (AST, U/l) and allanine aminotransferase (ALT, U/])
by the using of test kits supplied by Sclavo/Italy (Annino, 1960 and
Colombo et al., 1974) and Biomerieux/France (Reitman and Frankel,
1957). Also part of the blood serum was used for the detection of the
antibodies against Fasciola flukes by ELISA test.

B) Fecal samples:

These were directly collected from the rectum of each animal of
the examined cases. The samples were transferred in labeled, clean and
dry plastic bags. Examination of fecal samples were carried out at the
same day of its collection according to Coles (1986)

Enzyme linked immunosorbent assay test (ELISA), was used for
the detection of the antibodies against Fasciola in serum of sheep
according to the method described by Santigo and Hillyer (1988) with
the uses of excretory secretory (ES) antigen [Live intact adult Fasciola
worms were obtained from infested liver at local abattoir of Assiut city
and washed 3-4 times at room temperature during the first hour with
0.01M phosphate buffer saline (PBS) pH, 7.2 to remove all traces of
blood and bile. The worms were then incubated (20 worms/100 ml PBS)
at 37C" for 3 hours. The supernatant was then centrifuged at 20,000 rpm
for one hour to remove particulate materials. Prepared ES antigen was
stored at —20C" until further uses].
111-Statistical Analysis:

Statistical Analysis of the obtained data was done by means of
software computer program (Spsswin, 1995).

RESULTS

Clinical and laboratory investigation proved that 39 animals of
the examined cases were healthy, showing sings of soundness, good
body condition score and free from any internal or external parasites,
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these animals were kept as control. 106 animals of the examined sheep
were suffering from variable degrees of emaciation, debility and paleness
of the mucous membranes. Frequent to continuous attack of diarrhea was
also observed. Some cases showed edema in the submandibular space in
addition to severe reduction in the productive and reproductive state of
the animals. According to the results of clinical examination and
laboratory findings of parasitological analysis of feces and findings of
ELISA test the studied cases were classified into five groups (Tables, 1,
2, & 3). Clinical signs observed on examined sheep of the studied groups
are illustrated in Table 1 and Figures 1,2 & 3.

Results of parasitological examinations of feces for the detection
of parasitic ova as well as those of parasitological examinations and
ELISA test for the diagnosis of fascioliasis are shown in Tables 2 & 3.

Blood serum levels of total protein, albumin, globulin, A/G ratio,
total bilirubin, direct bilirubin, I'-glutamyl transferase (I"-GT), aspartate
aminotransferase (AST) and allanine aminotransferase (ALT) in healthy
and diseased groups of sheep are shown in Table 5.

DISCUSSION
Clinical findings:

In the present study animals infested with Fasciola showed
paleness of the mucous membranes, roughness of the coat, emaciation,
dullness, depression and various degrees of diarrhea. There was a severe
reduction in the reproductive and productive performance of the infested
sheep (Figures, 1, 2 & 3). The body condition score was not markedly
affected in some cases however in others was poor to very poor.
Depletion of subcutaneous and tail fat was observed in several surviving
infested sheep (Fig. 2). Shedding of the wool, partial to complete
alopecia, loss of weight and presence of submandibular edema (bottle
jaw) were observed on several cases of infested animals (Fig. 1). In mild
fascioliasis there were a small number of migrating flukes not sufficient
to cause appreciable damage to liver parenchyma and consequently did
not affect the weight of the animals. The same picture was described
previously by Bulgin er al. (1984). In moderate and sever fascioliasis
there were a severe destruction in the liver parenchyma causing the
above mentioned signs and lead to poor body gain (Radostits ef al., 1994
and Nwiyi and Chaudrai, 1996).

In an area where liver flukes occur, every case of chronic ill
health in sheep must be considered as a possible case of fascioliasis
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(Radostits et al., 1994). In a flock where fluke is present it is necessary
to determine whether or not they could be the sole or main contributing
factor to the ill health or death of the animals. The infestation may be the
main cause of disease or may occur due to another debilitating disease
such as nutritional deficiencies of copper or cobalt, other internal
parasites or John’s disease. In addition to ill-health and the other clinical
signs of fascioliasis observed on infested sheep, chronic fascioliasis may
follow and can be confirmed by the detection of large numbers of
characteristic operculated egg of Fasciola in the feces, and by hepatic
lesions characteristic of the disease in the liver at necropsy.

Laboratory finding:

Flukes eggs in the feces are not suspended satisfactory by all
flotation solutions, consequently sedimentation tests are more accurate
and it has been suggested that treatment may cause improvement if any
egg are not present (Happich and Boray, 1969). Parasitological diagnosis
of fascioliasis and detection of Fasciola egg in feces alone is generally
inadequate because the incubation period presenting clinical finding is
from a few days to 2-3 months, yet the flukes require a period of at least
3-4 months to attain sexual maturity (Chen and Mott, 1990). Thus
infested animals have clinical finding long before eggs could be found in
the feces, making parasitological finding as an early diagnosis tool
impossible. A number of serological technique (Ghauvin et al., 1995)
has been developed as a promising alternative for diagnosis. Serological
tests have shown promise, that ELISA is the best test for routine
diagnosis of fascioliasis in sheep and cattle (Radostits et al., 1994). A
rise in antibody could be detected by 2 weeks after infection but was not
sufficiently high to be diagnostic until 6-8 weeks (Zimmermann et al.,
1982 and Radostits ef al., 1994).

In the present study parasitological examination revealed that
Fasciola species eggs were detected in fecal samples of only 22 cases of
74 positive infested sheep by ELISA test (29.73 %) which may be
attributed to either early infestation with the parasite (Radostits et al.,
1994) or inefficient fecal analysis tests caused by inherent problem in the
fecal sedimentation procedures (Dixon and Wescott, 1987). In the last
decade, excretory secretory antigens have been widely used to detect
antibodies in parasitic infection with varied success (Santiago and
Hillyer, 1986 & 1988). The authors used adult worm homogenates and
found that sheep and calves recognized major antigenic polypeptides
(immunodiagnosis) by 8 weeks of infestation.
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ELISA test in this study gave proper and promising results where
high incidences of fascoliasis among ill-health sheep were detected
(69.8%). Furthermore the probability by which the infested animal is
identified by this test as positive in this work was 90.91% (sensitivity of
ELISA). On the other hand the probability by which a non-diseased
animal is identified by the ELISA test as negative reached 94.87%
(specificity of the ELISA). The false positive cases reached 9.1% and the
false negative cases among the examined cases reached 5.3%.
Cornelissen et al. (1992) found that the specificity of ELISA to detected
antibodies against Fasciola species was 98 % and 95 % by using somatic
and excretory antigens respectively. The results of ELISA test in serum
samples of the control group (Group 1) revealed that there were 2
clinically healthy sheep having no detectable Fasciola egg in feces but
positive by ELISA (false +ve, Table 4). These two cases were treated
with anti Fasciola drugs 4 weeks before sampling and this lead to
absence of the Fasciola egg in feces however; the antibodies against
Fasciola were present in low titer in serum that gave false positive
result. Dumenigo er al. (1999) suggested that presence of antibodies
might indicate previous exposure to the parasite rather than the existence
of the current infection and absence of egg in feces of animals 2 weeks
after chemotherapy. On the other hand there were 2 animal voiding eggs
in their feces but negative for ELISA (False -ve, Table 4). The anti
Fasciola antibodies response of hosts are relatively intense when
parasites are migrating through the liver parenchyma and falls when they
establish in the bile duct, such phenomena probably explains the lower
anti Fasciola antibodies in hosts voiding fluke eggs and subsequent to
the fasciolicidal drugs (Njau et al., 1989). The microscopic examination
of fecal samples for the presence of Fasciola egg is often difficult
because they are not found during the prepatent period, on the other
hand, in some cases it is also difficult during the patent period because of
the intermittent excretion of parasitic eggs (Sandeman and Howell, 1981;
Njau et al. 1989 and Dumenigo et al., 1999). Eggs of Fasciola do not
appear in several conditions of chronic fascioliasis and these is due to
sterility of adult worm, so the excretion of Fasciola eggs among these
animals was lowering (Kendall, 1975)

Hillyer et al. (1992) in a study on human fascioliasis recorded
that 19 0f 20 (95 %) individual who were positive parasitologicaly were
also positive by ELISA test. Hillyer er al. (1996) found that all sheep,
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which are positive parasitologically, were also positive serologically
which mean that ELISA test sensitivity reached 100 %.

ELISA test for diagnosis of fascioliasis revealed negative results
in sheep infested with helminthes parasites other than Fasciola (Group
IV) and also with those suffering ill health not associated to parasitic
infestation (Group V). These findings revealed that there were no cross
reaction between Fasciola and other helminthes parasites, also support
the results of ELISA test and declared that ELISA is considered an
important specific and sensitive test for diagnosis and screening of
fascioliasis in sheep livestock. In this respect Zimmerman et al. (1982)
noticed that nematode infection did not appear to interfere with
interpretation of ELISA results in sheep infested with Fasciola.

Regarding the biochemical investigations the average values of
serum total protein were not changed in the examined groups. There
were a high significant reduction (p < 0.01) in the blood serum levels of
albumin (hypoalbuminemia) in sheep infested only with Fasciola, (group
11) sheep infested with Fasciola and other helminthes parasites (group
111) and those sheep infested with internal parasites other than Fasciola
species (group IV). On the other hand high significant elevation (p <
0.01) were found in blood, serum globulin of sheep infested with
Fasciola and sheep infested with Fasciola and other helminthes parasites
respectively. It was evident from these results that, although sheep
infested with Fasciola were suffering from anorexia and their livers were
not efficiently synthesizing protein, the elevated globulins substituted the
reduced albumins and thus total proteins were not changed. Drastic
alterations in plasma protein values were observed usually with liver
diseases, decrease in albumin levels may by attributed to inhibition of its
synthesis, its rapid breakdown and its losses (Coles, 1986).
Hypergloulinemia reflects the reactivity of the immune body defense in
response to invasion of the bile duct tissue with Fasciola and it means in
the same time that the injury process of the body defense is still active
(Robert and keith, 1986). The obtained results in this concept come in
accordance with the findings of Kadhim (1976), Moragg (1991) and
Waweru et al. (1999).

The insignificant changes in the values of blood serum levels of
total and direct bilirubin in the different groups agreed with Hjerpe et al.
(1971) who recorded that the concentration of total serum bilirubin did
not depart appreciably from normal during the first 6 weeks of
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experimentally infested sheep. Similar results were recorded by Sykes et
al. (1980) and El-Samani et al. (1985).

The highly significant increases (P < 0.01) in the serum activity
of gamma-glutamyl transferase enzyme (y-GT) in sheep infested with
Fasciola gave an indication for the importance of the use of this enzyme
in diagnosis of fascioliasis. Sykes et al. (1980) suggested that y-GT was
considered the most suitable test in the field for the detection of
fascioliasis. A direct proportion relationship was recorded between the
number of fluke burden in liver and y-GT level in serum (Wyckoff and
Bradley, 1985 and Wiedosari and Copeman, 1990).

Regarding the activities of serum transaminases the high
significant elevation (P < 0.01) in the activity of AST and ALT in sheep
infested with Fasciola could be attributed to the necrotic degeneration of
the liver, periductable fibrosis and blockage of the bile ducts during the
fluke migration through the liver (Urquhart et al., 1996 and Waweru et
al., 1999). Furthermore the authors added that higher serum
aminotransferase level might be used as an index of liver damage caused
by fascioliasis. In this respect AST levels have been used in the past but
gamaglutamyl transferase is nowadays more relatively sensitive
indications of liver cell damage associating fascioliasis (Hawkins, 1984).
In this work although ALT levels was significantly elevated when
compared with that of the control group, it could not be of a significant
diagnostic value for fluke infestation in general.

Finally it could be concluded that in big herds one can judge the
sub clinical individuals of fascioliasis by the using of ELISA test without
big error. Further work comparing serological results and necropsy
examination of naturally infested animals must be done to determine
whether these seronegative animals actually represented non-exposed
sheep or individuals that failed to produce or maintain detectable
antibody to Fasciola hepatica.
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Table, 1: Observed clinical signs on sheep of the studied groups.

Aspect of Group 1 Group 11 Group 111 Group 1V Group V
examinations No.=39 No.=55 No.=19 No. = 16 No.=16
Appetite Good Slight inappetance to { Mild to moderate loss of | Good appetite (9), partial | Complete loss  of

complete loss of appetite, | appetite. loss of appetite (7) appetite (3), Partial
increase desire to drink loss of appetite (13).
water (19).
Mucous Rosy red Pale (33); Pale mucous | Pale in all animals Pale, (10) Pale m. m. of cve with
membrane No lesion membrane of eye with nasal Pale m. m. eye with nasal | nasal discharge (5)
(m. M.) No discharge | discharge (4). discharge (2)
Body Good to very | Emaciation, thin and poor | Emaciation (12), | Emaciation (6) Emaciation (4)
condition good a3n. Emaciation with
score dehydration (3).
(Gait Normal Laying down for long | Laying down for long | Tendency to laying down | Recumbancy (2)
posture and | periods followed by difficuit | periods  followed by | difficult standing (13)
gait to get up standing (15), | difficult standing (3)

Complete recumbancy (4)

recumbancy (3)

Group I: Healthy control sheep.

Group II : Sheep infested only with Fasciola spp. (positive either by fecal examination or ELIZA)
Group I1I : Sheep infested with Fasciola spp. and other internal parasite.
Group I'V: Sheep infested with internal parasite other than Fasciola spp.
Group V: Sheep showing clinical signs of fascioliasis however fecal examination and ELIZA test revealed — ve results of infestation.
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Table, 1:Continuation,

Aspect of Group 1 Group 11 Group 111 Group 1V Group V
examinations
Normal pellets Diarrhea with alternative | Different forms of | Soft mucoide feces | Soft feces (3), greenish
Character of intervals of constipation (12), | diarrhea and | (3), Soft pasty (2), | watery diarrhea @,

feces

greenish watery diarrhea with
offensive odor (9), indigestible
food particles (14).

blood in feces (5)
Indigestible - food
particles (14)

presence of adult
worms in feces (2)

presence of adult worm in
feces (2) (Nematode worm)

Mental state | Active, sound Duliness and depression (12) Dullness and | Dullness & | Dullness & depression in
’ depression (16) depression in all | all animals
. animals
Coat Good appearance Easley detached wool (28), | Easley detached | Easley detached | Partial loss of wool (5),
partial alopecia in different | wool (5), partial | wool (4) mange mites (3)
_part (5) alopecia (12)
Productive Fertility and repro- | Infertility (19) Infertility (19) Infertility (10) Infertility (3)
and ductive  efficiency
reproductive | were high with high
state milk yield and meat
production
Submandibular edema (2),
edema D —— Submandibular edema (13) ———

Subcutaneous edema (2)
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Table, 2: Results of parasitological examinations of feces for the detection of parasitic ova.

Groupl | Group1l Group 111 Group 1V Group V 1
(No. =39 (No. = 55) (No.=19) (No. =16) (No. = 16)
Fecal Positive for | Feces containing Faciola spp egg and other eggs of internal parasites | -Egg of Nematodirus | Feces free
samples were | Fasciola @) Spp. Contain 2-8 from any
free from any | spp. egg | -Fasciola spp. egg + oocyst of Eimeria spp +Trichostrongylus spp egg | distinctive large cell (2) | egg of
egg of | 20), The | (1)m -Faciola spp egg + paramphistomum spp egg (1) -Eimeria oocyst (6) internal
internal remaining Positive for Fasciola by ELIZA test and feces contain eggs for other | -Tricostrongyle spp. egg | parasite.
parasites was positive | parasite (17 + oocyst (2)
by ELIZA | -Neoascaris vitulorum (2) -Trichuris egg (1) -Trichuris ovis egg (1)
test. Media -Trichuris + Eimeria oocyst (2) -Paramphistomum spp
~Trichostrongylus spp egg containing variable number of cells (6) egg (2)
-Trichostrongylus spp egg + oocyst (2) -Moniezia spp. Egg
-Dictyocallus spp.egg contain larva (2) variable in shape (2)
-Eimera oocyst (2) -Dictycalus spp. egg
contain larva (2)

Table, 3: Results of parasitological examinations and ELISA test for the diagnosis of fascioliasis.

Animal group | No. of examined | Positive cases by fecal examination | Positive cases by ELISA
Cases Number % Number %
Group 1 39 00 00 2 5.13
Group 11 55 20 36.6 53 96.36
Group 111 19 2 10.35 19 100
Group 1V 16 00 00 00 00
Group V 16 00 00 00 00
Total 145 22 15.17 74 51.03
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Table, 4: Sensitivity and specificity of ELISA test.

Test result True positive* True negative** Total
Test +ve 20 2 22
Test -ve 2 37 39
Total 22 39 61

* : Animals were ill health and Fasciola eggs were detected in feces.

*%: Animals were healthy; Fasciola eggs were not detected in feces and ELISA test for diagnosis of
Fasciola gave negative results.

20 37
Sensitivity = = -—-eeeeee = 9091 % Specificity = — = 94.87 %
20 +2 37+2
2 2
False positive = —_— = 9% False negative= —————— = 513 %
20 +2 2+37

Sensitivity: Probability by which a diseased (infested) animal is identified by the test as positive.
Specificity: Probability by which a non-diseased animal is identified by the test as negative.

False positive: Probability by which an animal is identified as test positive, while in fact it is non diseased.
False negative: Probability by which an animal is identified as test negative, while in fact it is diseased.
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Table, 5: Blood serum levels of total protein, albumin, globulin, A/G ratio, total bilirubin, direct bilirubin, ['-glutamyl transferase
(I'-GT), aspartate aminotransferase (AST) and allanine aminotransferase (ALT) in healthy and diseased groups of sheep.

Animal group Total Albumin Globulin A/G Total Direct I-GT AST ALT
protein bilirubin bilirubin
g/l ol g/l Ratio pmol/l pmol/l un U/ un
Group 1 xtsd 773+ 14.1 28.3+6.3 48.5+13.6 0.61+0.2 8.7+4.3 2.1£2 31.248 68.9+19.5 | 16.9£7.7
range 61.7- 122 17.9-43.1 30.2-98.3 0.24-1.1 2.1-16.8 0.0-8.7 15.5-50 30-100 7.5-34
Group 11 x+SD 74+22.7 19.5+4.9 54.6+21.9 044+031 8.9+6.4 2.2£1.7 59.9425 | 108.2+45 | 24.7+10.6
range 37-130.2 11.5-35.6 | 12.5-107.3 | 014-2.08 2.1-36.1 0.2-10.1 26-158 45-230 9-55
Group 111 x£SD 73x17.5 19.6x3.9 | 53.4+18.63 | 0.43%0.23 10.8+6.3 1.4£1.2 40.5+8 102+28.3 25.3:8
range 47.494.9 13.7-274 28.3-80.5 | 0,18-0.87 2.4-22 0.3-4.8 23-54 78-185 7.5-36
Group 1V xxSD 72.7+19.1 22.547.1 48.3£19.4 | 0.54%0.26 7.9+3.9 1.6£1.5 37.9£16 69.8+11 20.5%9.3
range 43-108 11.1-34 21-90 0.2-1.04 2.6-16.8 0.0-5.0 19-66 54-90 5-32.5
FGroup Vv xxSD 74+20.3 23.5¢7.3 50.5+15.3 | 048%0.15 9.4£5.13 2.1+1.7 32,110 77422 19.8+10.4
L range 46.5-127 14.5-37.3 31.7-89.7 0.31-0.8 | 2.4-18 0.3-6.2 13-52 45-120 6-38
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Figure, 1: Ram infested with Fasciola spp. showing bottle jaw and paleness of the mucous
membranc, (ELISA test positive, parasitological examination of feces for the detection of
Fasciola spp. ova: positive).

Figure, 2: ¥we from sheep herds infested with Fasciola spp. showing weakness, cmaciation

and depletion of the subcutancous fat (KLISA test positive, parasitological examination of

fecey for the deteetion of the ova of Fasciola Spp.: negative).
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Figure, 3: Pale mucous membranc of weak, emaciated sheep in herd infested with
Fasciola spp., (ELISA test positive, parasitological cxamination of feces for the
detection of Fasciola spp. ova: positive).
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