48 Egypt. J. Vet. Sci. Vol. 53, No. 4, pp. 459-473 (2022)

EgyptianJournal of Veterinary Sciences
https://ejvs.journals.ekb.eg/

Diagnosis of Cryptosporidiosis Using Affinity Purified Antigen
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CRYPTOSPORIDIOSIS is a significant disease that causes diarrhea in humans and
animals with relatively high morbidity and mortality. The present study aimed to adopt a
purified and potent antigen for the accurate diagnosis of cryptosporidiosis. A total of 278 animal
hosts (60 newborn calves and 218 buffaloes) were used in the current study. Sixty fecal samples
were collected from new-born calves aged less than one month raised in the Beni-Suef and
Qalyubia governorates. The samples were examined under a microscope after modified Ziehl-
Neelsen staining, and Cryptosporidium oocysts were isolated from naturally infected calves.
These oocysts were used in mice experimental infection. The oocyst antigen and coproantigen
were prepared from the mice feces. The diagnostic efficacy of the two prepared antigens was
evaluated using an Enzyme Linked Immunosorbent Assay (ELISA) with experimentally
infected mice sera. The crude oocyst antigen proved to have higher diagnostic potential than
coproantigen, so, it was chosen for purification using Cyanogen Bromide-activated Sepharose-
4B affinity chromatography coupled with rabbit hyperimmune serum raised against oocyst
antigen. The affinity purified fraction and its crude Cryptosporidium antigen were evaluated
using the ELISA. The resulting purified fraction was 6733 fold increase in binding activity
compared with its crude antigen. Characterization of the isolated fraction was performed using
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), western blot, and
amino acid analysis. SDS-PAGE clarified that the fraction contained three polypeptides of
94.7, 65, and 50 kDa, which were identified as immune-reactive components using a western
blot analysis. The isolated fraction exhibited 17 amino acids and was rich in tyrosine, alanine,
and phenylalanine. The affinity purified Cryptosporidium oocyst antigen effectively detected
Cryptosporidium antibodies in experimentally infected mice sera and naturally infected
buffalo sera with a sensitivity of 94.4% and 95.24 %, and a specificity of 100% and 93.33%,
respectively. The purified fraction succeeded in diagnosis of cryptosporidiosis in 182 random
serum samples collected from buffaloes with an incidence of 57.14 %. In conclusion, the affinity
purified fraction of the Cryptosporidium oocyst antigen might be a good diagnostic candidate
for cryptosporidiosis diagnosis and seroepidemiological surveillance.
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Acid Analysis.
Intreduction humans and animals [1]. It is a major cause of
Cryptosporidiosis is one of the most important mortality due to neonatal scour in pre-weaned
zoonotic diseases causing intestinal infection in calves and lambs and is considered a globally
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endemic disease for cattle [2,3]. Its pathogenicity
varies with the species of Cryptosporidium and the
age, type, and immune status of the host, resulting
in clinical or subclinical cryptosporidiosis [4,5].
The common symptoms are acute, moderate to
severe, profuse, and watery diarrhea, weakness,
depression, dehydration, loss of appetite [6].
Death can occur in severe cases [7]. The clinical
signs in livestock range from asymptomatic
infection to death, which causes severe economic
losses [2].

Cryptosporidium oocysts are excreted into the
environment with human and animal feces, and
transmission occurs via food or drinking water
contaminated with oocysts, creating a potential
reservoir, and causing contamination of the
environment [8-10]. Oocysts of Cryptosporidium
spp. play an important role in the prevalence
of disease, as they are resistant to numerous
environmental exposures and tolerant to various
chemicals and disinfecting agents including
chlorine that is commonly used in water treatment
[11]. In addition, clinical cryptosporidiosis is
usually misdiagnosed in pre-weaned calves, lambs,
and other young animals because the symptoms
can mimic scour, which is similarly confused with
many other entero-pathogen infections (bacterial
and/or viral), as they are associated with the same
clinical manifestations. Therefore, an appropriate
diagnosis for cryptosporidiosis is required.

Choosing an appropriate method for
Cryptosporidium diagnosis depends on the
required sensitivity of the applied assay and
specificity of the antigen, technical expertise,
financial resources, and available time [12].
Direct detection of Cryptosporidium spp. oocysts
in the feces of infected hosts is necessary for
an accurate diagnosis of this parasite, as a
clinical diagnosis is not sufficiently specific
[13]; coprological diagnosis cannot determine
the existence of a past infection because of the
short and intermittent period of oocysts shedding
[14]. Microscopic examination of stained fecal
samples is traditionally used, and although it is
simple and cost-efficient, it lacks sensitivity [15];
its accuracy depends mainly on the expertise of
the microscopist [16], as misdiagnoses frequently
occur because of insufficient knowledge about
oocyst morphology and characteristics [11]. Also,
the diagnostic accuracy is significantly reduced
by lower numbers of oocysts, irregularly excreted
oocysts and/or mechanically or enzymatically
damaged oocysts [12,13].
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Enzyme Linked Immunosorbent Assay
(ELISA) could offer higher sensitivity and
specificity than conventional microscopy [12,19],
with a recorded detection limit of about 10°~10*
oocysts/mL [20] and would reduce labor, cost,
and time. The detection of circulating antibodies
to Cryptosporidium-specific antigens in serum
samples is an indirect diagnostic method for
current infection or past exposure [21]. ELISA
is a reliable technique that is mainly beneficial
for the diagnosis and sero-epidemiological
detection of cryptosporidiosis. Also, increasing its
specificity by using specific antigens is needed to
achieve better results. Purified immunodiagnostic
fractions were better in diagnosis using ELISA as
they gave higher sensitivity and specificity than
crude extracts as previously proved in several
studies with different parasites [22-24].

Since the diagnosis of cryptosporidiosis is
essential for effective treatment, the present study
aimed to develop a purified and effective antigen
for the accurate diagnosis of cryptosporidiosis.
The diagnostic efficacy of this purified antigen
was evaluated by ELISA and its characterization
was performed by Sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE),
western blot, and amino acid analysis.

Materials and Methods

Ethical approval

All experimental procedures were conducted
according to the guidelines laid down by the
International Animal Ethics Committee and the
institutional guidelines of the National Research
Centre (NRC) Animal Research Committee under
protocol number: 19-152.

Study design and animal sampling
Cattle and buffaloes

A total of 278 animal hosts (60 newborn
cattle calves and 218 buffaloes) were organized
into a cross-sectional study using a conveniet
sampling strategy from April 2021 to December
2021. Fecal samples were collected from 60
newborn cattle calves aged less than one month
and reared by local farmers in Beni-Suef (40/60;
29°03’60.00” N, 31° 04’ 60.00” E) and Qalyubia
(20/60; 30° 7° 42.9996” N, 31° 14* 31.9992” E)
governorates, Egypt. In addition, blood samples
were collected from 218 buffaloes (3 mL of each
buffalo) from the cut carotid artery or jugular vein
immediately after slaughter at the main abattoir
of El-Warak, Giza (29° 58 27.00” N, 31° 08’
2.21” E), in plain Vacutainer tubes for serum
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separation. The serum samples belonged to one
of three groups—randomly collected serum (n
= 182); negative control serum from apparently
healthy buffaloes, (confirmed by examination of
feces using microscopy, sedimentation, flotation
[25], and modified Ziehl-Neelsen staining (MZN)
[26]) (n = 15), and positive control serum from
Cryptosporidium-infected buffaloes, confirmed
by the same techniques (n = 21). All sera were
labeled and stored at —20°C.

Lab animals (rabbits and mice)

Five healthy male New Zealand parasite-
free rabbits weighing 1.5-2 kg each, and 60
parasite-free Swiss albino mice, aged two weeks
old, were purchased. The animals were housed,
fed a standard diet, and housed under sanitized
conditions.

Parasite
Isolation of Cryptosporidium oocysts

A thin layer of each fecal sample was applied
onto a glass slide, fixed with absolute methanol,
stained with MZN [26], and examined under a
light microscope (Olympus Corporation, Japan)
with oil immersion.

Oocysts were concentrated from
Cryptosporidium-positive feces by flotation using
Sheather’s sugar solution [27], collected, and
stored in potassium dichromate solution (2.5%) at
4°C. Prior to the experimental infection of mice,
oocysts were washed in a Phosphate Buffered
Saline (PBS) solution.

Experimental infection

Fifty-five parasite-free Swiss albino mici
were experimentally infected with a dose of 10
Cryptosporidium oocysts by gastric tubes in a
single dose one hour before a meal [28]. After
three days, animal fecal pellets were collected and
examined using the MZN staining technique [26]
to confirm infection. Five mice were sacrificed day
by day, and blood samples were collected from
the day zero through the 218 day. Five mice were
used as a non-infected control group and sacrificed
at the end of the experiment. Serum samples were
separated and frozen at —20°C for further use.

Antigen preparation
Coproantigen

Fecal samples from mice experimentally
infected with Cryptosporidium were shaken
vigorously in an equal volume of 0.15 M PBS
containing 0.3% Tween-20 until a slurry was
formed. The samples were centrifuged at 15000
rpm for 45 minutes [26]. The supernatants were

frozen at —20° C until use.

Oocyst antigen

Cryptosporidium oocyst antigen was prepared
according to Kaushik et al. [30]. Briefly, after the
washing Cryptosporidium oocysts three times
with PBS (15000 rpm for 15 min), they were
resuspended in PBS and freeze-thawed for 20
cycles. The oocysts were then sonicated for 12
cycles of 30 seconds each and centrifuged (15000
rpm for 15 min at 4°C). The supernatants were
frozen at —20° C until use.

Hyperimmune serum preparation

Hyperimmune serum against the oocyst
antigen (40 pg antigen/kg body weight) was raised
in five rabbits according to Fagbemi et al. [31].
Blood samples were collected from the ear vein
four days after the last injection. The prepared
hyperimmune serum was separated and frozen at
—20°C until use.

Affinity purification of oocyst antigen

The prepared rabbit hyperimmune serum
(raised against Cryptosporidium oocyst antigen)
were dialyzed for three days in coupling buffer
(0.1 M NaHCo, and 0.5 M NaCl, pH 8.4) and then
coupled to cyanogen bromide (CNBr)-activated
Sepharose-4B (Sigma-Aldrich) at the ratio of 2
mg/ml-swollen beads following the manufacturer
instructions. The oocyst antigen was applied to
the column (Flex-Column, Kimble, USA), and the
bound fractions were eluted using 50 mM glycine
containing 500 mM NaCl (pH = 2.3) and stored at
—20°C until use.

Protein determination

The protein concentrations of coproantigen,
oocyst antigen, affinity purified antigen and the
hyperimmune serum were estimated as described
by Lowry et al. [32].-

SDS-PAGE and western blot

Crude Cryptosporidium oocyst antigen and
its isolated fraction were mixed separately with a
reducing buffer containing 5% 2-mercaptoethanol
and electrophoresed using SDS-PAGE with a
10% slab gel according to Laemmli [33]. The
gel was stained using a silver stain [34]. The
molecular weight standard (Genedirex, USA) was
electrophoresed on the same gel to measure the
relative molecular weights of examined antigens.

Two gels of SDS-PAGE-separated oocyst
antigen and its specific fraction were electroblotted
onto two nitrocellulose membranes (Himedia
Labs., India), as described by Towbin et al. [35],
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in a blotting system. One of them was incubated
with serum from buffaloes naturally infected with
Cryptosporidium, diluted 1:200 in dilution buffer
(0.01 M Tris buffer saline PH 7.4 containing 0.5%
bovine serum albumin and 0.05% Tween-20), and
the other was incubated with serum from mice
experimentally infected with Cryptosporidium
(1:200 in dilution buffer) overnight at 4°C. The
two membranes were washed and incubated with
anti-bovine IgG horseradish peroxidase conjugate
(Sigma-Aldrich) and anti-mice IgG horseradish
peroxidase conjugate (Santa Cruz Biotechnology,
Inc.), separately, at 1:2000 dilutions in dilution
buffer. Immuno-reactive bands were visualized
with 4-chloro-1-naphthol (Sigma-Aldrich) as a
substrate. The two nitrocellulose membranes were
analyzed using a Molecular Imager Gel Doc™
XR with Image Lab Software.

Amino acid analysis

One hundred microliters of purified fraction were
hydrolyzed with 10 mL HCl-phenol solution (10 ml
6 M HCI containing 100 mg phenol) for 24 hours
at 1100). The resultant mixture was evaporated at
400) and 100 rpm. Ten microliters of citrate buffer
(0.1 M, pH: 2.2) were added to the dried residue, and
1 mL was filtered and injected into an HPLC system
(Agilent 1260 series, USA) [36].

ELISA

Indirect ELISA was carried out three
times according to Lind et al. [37] with some
modifications.

Firstly: to evaluate the diagnostic potential
of the prepared antigens (oocyst antigen and
coproantigen) against two-fold serially diluted
experimentally infected mice sera. The conjugate
anti-mice IgG horseradish peroxidase (Santa Cruz
Biotechnology, Inc.) was used.

Secondly: to evaluate the success of the purification
process by determining the antigenic activities
of the eluted specific bound fractions compared
to unbound ones and its crude extract, against
two-fold serially diluted sera of Cryptosporidium
naturally infected buffaloes and experimentally
infected mice, independently. Anti-bovine IgG
horseradish peroxidase (Sigma-Aldrich) and anti-
mice IgG horseradish peroxidase (Santa Cruz
Biotechnology, Inc.) conjugates were used based
on the host serum species.

Thirdly: to validate and evaluate the diagnostic
potency of the affinity purified fraction
in  cryptosporidiosis  diagnosis using the
experimentally infected and non-infected mice
sera and the collected random buffalo sera. Anti-
bovine IgG horseradish peroxidase conjugate
(Sigma-Aldrich) and anti-mice IgG horseradish
peroxidase conjugate (Santa Cruz Biotechnology,
Inc.) were used for buffalo and mice sera,
respectively. Ortho-phenylenediamine (Sigma-
Aldrich) substrate buffer was used, and the
plates were read spectrophotometrically at 450
nm using ELISA reader (BIO-TEK, ELx800UYV,
USA). ELISA OD cut off values were calculated
according to Allan et al. [29]. Specificity,
sensitivity, positive and negative predictive
values, and diagnostic efficacy percentages were
calculated according to Parikh et al. [38].

Results

Coprological examination of the collected fecal
samples:

Forty-eight out of the collected 60 calves’
fecal samples (80%) were infected with
cryptosporidiosis. Collected oocysts were used in
the experimental infection of mice (Fig. 1).
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Fig. 1. Cryptosporidium oocysts in calf fecal smears stained with modified Ziehl-Neelsen (X1000).
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Comparative evaluation of the diagnostic potency
of the prepared crude oocyst and copro-antigens

The result of the comparative diagnostic po-
tential of coproantigen and oocyst antigen against
experimentally infected mice sera demonstrated
that the oocyst antigen had a higher capacity in
detecting anti-Cryptosporidium antibodies as
proved by ELISA (Fig. 2).

Purified specific fraction of the oocyst antigen

As shown in Table 1, about 72.64% of the initial
antigenic activities in crude Cryptosporidium
oocyst antigen were recovered in the bound and
eluted fraction which represents only 1.25% of
the total protein in crude Cryptosporidium oocyst

antigen applied to the column, giving 6733-fold
increases in the specific activities compared to the
crude antigen.

Immunogenic activities of the purified specific
fraction of the oocyst antigen

The affinity purified Cryptosporidium oocyst
fraction showed higher potency than its crude
antigen in cryptosporidiosis diagnosis in two-
fold serially diluted naturally infected buffalo
sera (Fig. 3) and two-fold serially diluted
experimentally infected mice sera (Fig. 4) by
ELISA. The immunogenic diagnostic potency
of the fraction was still present when the serum
samples were diluted up to 1:4096 (Fig. 3,4).
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Fig. 2. Comparative diagnostic potency of the Cryptosporidium coproantigen and crude oocyst
antigens against two-fold serially diluted experimentally infected mice sera.

TABLE 1. Quantitative summary of Cryptosporidium oocyst purification.

Total protein® (ug  Activity unit”®  Specific activity®  Purification Yield

Fraction
x10) (Au x10%) (Au/pg x 10%) Fold (%)
Crude Crypt idi
FYprospoTiatit 24.0 0.17 1 100
oocyst
Unbound to column 6.46 0.061 0.133 9.8
Bound and eluted fraction 0.3 9.3 6733 72.64

2 Protein was measured as described by Lowry et al. (1951).

b Activity unit (Au): defined as the amount of required protein to give one well of agglutination.

¢ Specific activity: defined as the number of activities per microgram of protein and is related to the starting crude Cryp-
tosporidium oocyst.
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Fig. 3. Reactive binding activities in sera from buffalo naturally infected with Cryptosporidium
toward the affinity purified fraction, its crude antigen and unbound antigen.
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Fig. 4. Reactive binding activities in sera from mice experimentally infected with Cryptosporidium
toward the affinity purified fraction, its crude antigen and unbound antigen.
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Electrophoretic profile of the affinity purified
fraction and crude antigen

Under reducing conditions in an SDS-PAGE
10% slab gel, the affinity purified fraction was
resolved into three bands with molecular weights
0f 94.7, 65 and 50 kDa (Lane B), compared to the
crude extract, which migrated into twelve bands
at molecular weights 203.9, 130, 94.7, 86.8, 65,
50, 45, 33, 29, 19.4, 17 and 11kDa (Lane A), as
shown in Fig. 5.

Immunogenic reactive components of the affinity
purified fraction by western blot assay

The immunogenic reactive components of the
specific purified fraction of the Cryptosporidium
oocyst antigen recognized by sera from experi-
mentally infected mice (Fig. 6, A, Lane 2) and
sera from naturally infected buffaloes (Fig. 6, B,
Lane 2) were 94.7, 65 and 50 kDa. Whereas the
immunogenic reactive bands of its crude extract
with sera from experimentally infected mice were
203.9, 94.7, 65, 50, 47, 32, and 11 kDa (Fig. 6,
A, Lane 1), and 203.9, 94.7, 65, 50, 29, and 11
kDa were identified against sera from naturally
infected buffaloes (Fig. 6, B, Lane 1).

Amino acid analysis of the affinity purified
fraction

The purified fraction exhibited 17 amino acids
(Table 2) with high proportions of tyrosine (90.595
ug/mL), alanine (87.1 pg/mL) and phenylalanine
(82.595 pg/mL), while glycine had the lowest
concentration (37.535 pg/mL).

245

Assessment of the antigenic activities and the
diagnostic immunological values of the isolated
fraction of the oocyst antigen

The diagnostic potentiality of the affinity
purified fraction of the oocyst antigen was validated
using the positive and negative Cryptosporidium-
infected and non-infected mice sera controls. The
indirect ELISA test scored a sensitivity of 94.4 %
and the specificity of this purified fraction in the
detection of the anti-Cryptosporidium IgG was
100%. The positive predictive value (PPV) and
negative predictive value (NPV) were 100% and
91.7%, respectively, while the recorded diagnostic
efficacy was 96.6%. Additionally, the success of
the Cryptosporidium diagnostic fraction in the
detection of specific buffalo anti-Cryptosporidium
IgG was assessed using positive and negative
naturally infected and non-infected buffalo sera
controls. The affinity purified Cryptosporidium
oocyst antigen fraction had a 93.33% specificity,
95.24% sensitivity, 95.2% PPV, 93.3 % NPV, and
94.4% diagnostic efficacy.

Detection of Cryptosporidium infection in ran-
dom buffalo sera

Anti-Cryptosporidium antibody detection in
182 collected random buffalo sera was performed
using indirect ELISA based on the affinity purified
fraction. The isolated fraction detected anti-Cryp-
tosporidium antibodies in 57.14% (104 positive out
of 182) of the collected random buffalo sera sam-
ples at a cutoff value of 0.4659. The optical density
(OD values) ranged from 0.049 to 1.111 (Fig. 7).

Fig. 5. 10% SDS-PAGE of the crude Cryptosporidium oocyst antigen (Lane A), affinity purified Cryptosporidium
oocyst antigen fraction (Lane B) and molecular weight standard in kDa (Lane Mr).
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Fig. 6. Immunogenic reactive bands profile of crude Cryptosporidium oocyst antigen (Lane 1)
and affinity purified Cryptosporidium oocyst antigen fraction (Lane 2) reacted against
experimentally infected mice sera (A), and naturally infected buffalo sera (B). Molecular
weights standards in kDa (Lane Mr).

TABLE 2. Analysis of amino acids in Cryptosporidium oocyst antigen purified fraction.

Compound Concentration (ng/mL)
Aspartic Acid 66.555
Glutamic Acid 73.565

Serine 52.545
Histidine 77.577
Glycine 37.535
Threonine 59.56
Alanine 87.1
Arginine 44.545
Tyrosine 90.595
Cystine 60.075
Valine 58.575

Methionine 74.605

Phenylalanine 82.595
IsoLeucine 65.585
Leucine 65.585
Lysine 73.095
Proline 57.565
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Diagnostic potential of the affinity purified fraction in the detection of

Cryptosporidium antibodies in the randomly collected buffalo sera.

Discussion

In the present study, weakness, mild fever,
diarrhea, lack of appetite, and dehydration were
the major observed symptoms, which coincides
with previous studies in which diarrhea was
a typical clinical sign of human and animal
cryptosporidiosis;  Cryptosporidium has  been
increasingly recognized as one of the major
causes of moderate to severe diarrhea [39]. Also,
dehydration, fever, weakness, lack of appetite and
anorexia have been reported as the symptoms of the
infected hosts [40]. In addition, it has been found
that clinical and subclinical cryptosporidiosis are
associated with malnutrition and low weight gain
in young animals [41].

In recent years, many researchers have
encountered Cryptosporidium and have tested
different commercial diagnostics that depend on
the coproantigen [42,43]; however, some of these
immunological tests are not enough qualified to
detect the anti-Cryptosporidium antibodies in
sera of different cattle and buffalo breeds [44].
Therefore, an ELISA assay was adopted in the
present study to compare the diagnostic potential
of two prepared antigens: coproantigen and
crude oocyst antigen. Additionally, the diagnostic
potential of the specific fraction purified from
the more potent antigen in detecting anti-
Cryptosporidium antibodies was evaluated and
validated.

The comparative diagnostic potential study of
the copro- and oocyst antigens using sera from
experimentally infected mice showed that the
oocyst antigen was preferable and more effective
in detecting anti-Cryptosporidium antibodies as
demonstrated by ELISA (Fig. 2). This variation
might be due to different antigen origins or the
preparation method [45], or different quantities
or qualities of the chemical reagents used [46].
Furthurmore, the antibody level against the antigen
might differ with the immune response condition
of the host, circulating immune complexes, and
the mechanisms of immune evasion [44,45,47].

Consequently, in this study, the crude
oocyst antigen was subjected to affinity
chromatography in order to specifically purify
and get the immunogenic fraction recognized
by the coupled hyperimmune serum. Moreover,
affinity chromatography is a beneficial and
highly selective method to keep the protein in a
folded conformation [48]. In the current study,
the purified fraction represented only 1.25% of
total protein in the crude oocyst antigen and had
increased specific activities by 6733-fold. The
purification process of the crude oocyst antigen
using CNBr-activated Sepharose-4B produced
one specific fraction. The fraction was composed
of three bands at molecular weights of 94.7, 65,
and 50 kDa using a reducing condition SDS-
PAGE 10% slab gel (Fig. 5). These bands are
immunogenically recognized by both naturally
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and experimentally Cryptosporidium-infected
sera of buffaloes and mice, respectively, and this
could be responsible for the specificity of crude
antigen and purified fraction.

This purified specific fraction revealed a
higher specificity of 100% when tested using
ELISA against positive and negative control mice
sera with nearly the same sensitivity as 94%-—
95% of ELISA when using buffalo sera. The
resultant high sensitivity proved the reliability of
ELISA as a gold standard immunological method
to be used in cryptosporidiosis diagnosis. This
finding is in accordance with data mentioned by
other authors who investigated the diagnosis of
Cryptosporidium infection using ELISA in both
humans [20,49-51] and animals [45, 52-55]. In
the current study, indirect ELISA was used for
serodiagnosis of Cryptosporidium-infection by
affinity purified fraction recording a sensitivity
of 94.4% and a specificity of 100% in mice sera,
and a sensitivity of 95.24% and a specificity of
93.33% in buffalo sera. These results are better
than those of a previous study by Danisova et
al. [44], who used three commercially available
immunological tests (enzyme immunoassay,
ELISA, and immuno-chromatographic tests)
in the diagnosis of Cryptosporidium species
in animals and revealed a lower sensitivity,
63.6%, 40.9%, and 22.7%, respectively, whereas
specificity was 75.9%, 78.9% and 100%,
respectively. These differences might be due
to different antigens as Danisova et al. [44]
used coproantigen. Moreover, the specificity
of the purified fraction could be returned to the
purification process that maximizes the ability
of the obtained fraction in the detection of true
negative cases of negative control mice sera
[24,56]. Also, as previously proved in several
studies on other apicomplexan parasites [23, 57-
61], it was found that using purified fractions
was better in diagnosis, having higher sensitivity
and specificity of ELISA, than crude extracts.

In the present study, the purified fraction
exhibited 17 amino acids with high proportions
of tyrosine, alanine, and phenylalanine. The
high specificity of the purified fraction could be
attributed to the amino acid composition of the
obtained fraction which is composed of a high
proportion of tyrosine and aromatic residues
like phenylalanine. This composition comes in
agreement with the fact suggested that tyrosine
and aromatic residues have a positive contribution
and, indeed, are favored in the antigen-antibody
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interaction sites between the cognate protein
and their antibodies [62-64]. On the other hand,
the false-positive cases of reactivity cases that
occurred with the buffalo sera and reduced the
overall specificity of this antigen to 93.33%
might be attributed to the existence of anti-
Cryptosporidium antibodies from past infections
or infections eliminated by anti-protozoal
medications [44,45]. Interestingly, the diagnostic
efficacies achieved by both the crude (94.4%)
and the affinity purified fraction (96.6%) of the
oocyst antigens were nearly similar. These results
might be attributed to the shared immunogenic
reactive bands that were detected by buffalo and
mice sera with both compared crude and purified
antigens, which might have led to these diagnostic
efficacies. Therefore, the affinity purified fraction
of the Cryptosporidium oocyst antigen succeeded
in the detection of anti-Cryptosporidium
antibodies in the randomly collected buffalo sera.
Taken together, the specific purified fraction of the
Cryptosporidium oocyst antigen could be a useful
diagnostic candidate that could be used in the
diagnosis and seroepidemiological surveillance
of Cryptosporidium infections.

Conclusion

This study was designed to isolate and
identify an effective antigen for the diagnosis
of cryptosporidiosis. This local affinity purified
antigenisolatedbyaneasy,andlow-costpurification
method proved to exhibit high diagnostic potency
for the diagnosis of Cryptosporidium infection in
animals. This affinity purified fraction might be
a useful diagnostic candidate and, in the future,
could be used in vaccine manufacture.

Acknowledgments

This work was financially supported by the
project grant No.: 12010136, funded by National
Research Centre (NRC), Egypt.

Competing Interests
The authors declare that they have no compet-
ing interests.

Authors’ contribution

All authors contributed to the study conception
and design. All authors shared in the laboratory
work, data analysis and interpretation. The first
draft of the manuscript was written by Dina
Aboelsoued, Nagwa 1. Toelab and Seham H.M.
Hendawy then all authors discussed the results
and provided critical feedback. All authors read
and approved the final manuscript.



DIAGNOSIS OF CRYPTOSPORIDIOSIS USING AFFINITY PURIFIED ANTIGEN 469

References

1.

10.

Bamaiyi, P. and Redhuan, N. Prevalence and
risk factors for cryptosporidiosis: A global,
emerging, neglected zoonosis. Asian Biomedicine,
10(4),309-325(2017). doi: 10.5372/1905-
7415.1004.493.

Santin, M. Clinical and subclinical infections with
Cryptosporidium in animals. N. Z. Vet. J., 61,1—
10(2013). doi: 10.1080/00480169.2012.731681.

Santin, M. Cryptosporidium and Giardia in
Ruminants. Vet. Clin. North Am. Food Anim.
Pract., 36(1),223-238(2020). doi: 10.1016/j.
cvfa.2019.11.005.

Feng, Y.,Ryan, U.M. and Xiao, L. Genetic diversity
and population structure of Cryptosporidium.
Trends Parasitol., 34(11),997-1011(2018). doi:
10.1016/.pt.2018.07.0009.

Deksne, G., Mateusa, M., Cvetkova, S.,
Derbakova, A., Keidane, D., Troell, K. and
Schares, G. Prevalence, risk factor and diversity
of Cryptosporidium in cattle in Latvia. Vet.
Parasitol. Reg. Stud. Reports, 28,100677(2022).
doi: 10.1016/j.vprsr.2021.100677.

Li, N., Wang, R., Cai, M., Jiang, W., Feng, Y.
and Xiao L. Outbreak of cryptosporidiosis due
to Cryptosporidium parvum subtype 1IdA19G1
in neonatal calves on a dairy farm in China. /nt.
J. Parasitol., 49,569-577(2019). doi: 10.1016/.
ijpara.2019.02.006.

Thomson, S., Hamilton, C.A., Hope, J.C., Katzer,
F., Mabbott, N.A., Morrison, L.J. and Innes, E.A.
Bovine cryptosporidiosis: impact, host-parasite
interaction and control strategies. Vet. Res.,
48(1),42(2017). doi: 10.1186/s13567-017-0447-0.

Burnet, J.B., Penny, C., Ogorzaly, L. and
Cauchie, H.M. Spatial and temporal distribution
of Cryptosporidium and Giardia in a drinking
water resource: Implications for monitoring and
risk assessment. Sci. Total Environ., 472,1023—
1035(2014). doi: 10.1016/j.scitotenv.2013.10.083.

Yang, X., Guo, Y., Xiao, L. and Feng, Y. Molecular
Epidemiology of Human Cryptosporidiosis
in Low- and Middle-Income Countries. Clin.
Microbiol. Rev., 34(2), €00087-19(2021). doi:
10.1128/CMR.00087-19.

Adkins, P.R.F. Cryptosporidiosis. Vet. Clin. North
Am. Food Anim. Pract., 38(1),121-131(2022).
doi: 10.1016/j.cvfa.2021.11.009.

12.

14.

15.

16.

17.

18.

19.

20.

. Pumipuntu, N. and Piratae, S. Cryptosporidiosis:

A zoonotic disease concern. Vet. World,
11(5):681-686(2018). doi: 10.14202/
vetworld.2018.681-686.

O’Leary, J.K., Sleator, R.D. and Lucey,

B. Cryptosporidium spp. diagnosis and research
in the 21 century. Food Waterborne Parasitol.,
24,e00131(2021). doi: 10.1016/j.fawpar. 2021.
e00131.

. Kar, S., Gawlowska, S., Daugschies, A. and

B. Quantitative
different purification and detection methods for

Bangoura, comparison  of
Cryptosporidium parvum oocysts. Vet. Parasitol.,
177(3-4),366-370(2011). doi: 10.1016/j.
vetpar.2010.12.005.

O’Handley, R.M., Cockwill, C., McAllister,
T.A., Jelinski, M., Morck, D.W. and Olson,
M.E. Duration of naturally acquired giardiasis
and cryptosporidiosis in dairy calves and their
association with diarrhea. J. Am. Vet. Med. Assoc.,
214(3),391-396(1999).

McHardy, L.LH., Wu, M., Shimizu-Cohen, R.,
Couturier, M.R. and Humphries, R.M. Detection
of intestinal protozoa in the clinical laboratory. J.
Clin. Microbiol., 52,712-720(2014). doi: 10.1128/
JCM.02877-13.

Ahmed, S.A. and Karanis, P. An overview
of methods/techniques for the detection of
Cryptosporidium in food samples. Parasitol. Res.,
117,629-653(2018). doi: 10.1007/s00436-017-
5735-0.

Garcia, L.S. Diagnostic Medical Parasitology. 4"
ed. Washington, DC: ASM; 2001. (2001)

Goni, P., Martin, B., Villacampa, M., Garcia, A.,
Seral, C., Castillo, F.J. and Clavel, A. Evaluation
of an immunochromatographic dip strip test for
simultaneous detection of Cryptosporidium spp.,
Giardia duodenalis, and Entamoeba histolytica
antigens in human faecal samples. Eur. J. Clin.
Microbiol. Infect. Dis., 31(8),2077-2082(2012).
doi: 10.1007/s10096-012-1544-7.

Checkley, W., White, A.C., Jaganath, D. and
Arrowood, M.J. A review of the global burden,
novel diagnostics, therapeutics, and vaccine targets
for Cryptosporidium. Lancet Infect. Dis., 15,85—
94(2015). doi: 10.1016/S1473-3099(14)70772-8.

Ghoshal, U., Jain, V., Dey, A. and Ranjan, P.
Evaluation of enzyme linked immunosorbent
assay for stool antigen detection for the diagnosis

Egypt. J. Vet. Sci. Vol. 53, No. 4 (2022)



470

DINA ABOELSOUED et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

of  cryptosporidiosis negative
immunocompromised patients in a tertiary care
hospital of northern India. J. Infect. Public Health,
11,115-119(2018). doi: 10.1016/j.jiph.2017.06.007.

among HIV

Khurana, S.
diagnosis of cryptosporidiosis. Trop. Parasitol.,
8(1),2-7(2018). doi: 10.4103/tp.TP_34 17

and Chaudhary, P. Laboratory

Toaleb, N.I., Derbala, A.A. and Abdel-Rahman,
E.H. Comparative diagnostic evaluation of crude
and isolated fractions of Echinococcus granulosus
in dogs. Global Vet., 7(6),587-592(2011a).

Shaapan, R.M., Toaleb, N.I. and Abdel-Rahman,
E.H. Significance of a common 65 kDa antigen in
the experimental fasciolosis and toxoplasmosis.
J. Parasit. Dis., 39(3),550 556(2015). https://doi.
org/10.1007/s12639-013-0394-2

Toaleb, N.I., Helmy, M.S., El Shanawany, E.E.
and Abdel-Rahman, E.-H. A simple and efficient
purification method of native immunoreactive
antigen for diagnosis of camel hydatidosis. Vet.
World,  13(1),141-146(2020). doi: 10.14202/
vetworld.2020.141-146.

Kaufmann, J. Parasitic infections of domestic
animals: a diagnostic manual; ILRI (aka ILCA and
ILRAD) (1996).

Henriksen, S.A. and Pohlenz, J.F. Staining of
Cryptosporidia by a modified Ziehl-Neelsen
technique. Acta Vet. Scand., 22,594-596(1981).
doi: 10.1186/BF03548684.

Current, W.L. and Reese, N.C. A comparison
of endogenous development of three isolates of
Cryptosporidium in suckling mice. J. Protozool.,
33,98-108(1986). doi: 10.1111/j.1550-7408.1986.
tb05567 x.

Aboelsoued, D., Abo-Aziza, F.A.M., Mahmoud,
M.H., Abdel Megeed, K.N., Abu El Ezz, N.M.T.
and Abu-Salem, F.M. Anticryptosporidial effect of
pomegranate peels water extract in experimentally
infected mice with special reference to some
biochemical parameters and antioxidant activity.
J. Parasit. Dis., 43(2),215-228(2019). doi:
10.1007/512639-018-01078-z.

Allan, J.C., Craig, P.S., Garcia Noval, J., Mencos,
F., Liu, D., Wang, Y., Wen, H., Zhou, P., Stringer,
R., Rogan, M. and Zeyhle, E. Coproantigen
detection for immunodiagnosis of echinococcosis
and taeniasis in dogs and humans. Parasitology
s 104(2),347-355(1992). doi: 10.1017/
s0031182000061801.

Egypt. J. Vet. Sci. Vol. 53, No. 4 (2022)

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kaushik, K., Khurana, S., Wanchu, A. and Malla,
N. Serum immunoglobulin G, M and A response
to Cryptosporidium parvum in Cryptosporidium-
HIV co-infected patients. BMC. Infect. Dis.,
9,179(2009). doi: 10.1186/1471-2334-9-179.

Fagbemi, B.O., Obarisiaghon, 1.O. and Mbuh,
J.V. Detection of circulating antigen in sera of
Fasciola gigantica infected cattle with antibodies
reactive with a Fasciola-specific 88 kDa antigen.
Vet.  Parasitol., 58(3):235-246(1995). doi:
10.1016/0304-4017(94)00718-r.

Lowry, O.H., Rosebrough, N.J., Farr, A.B. and
Randall, R.J. Protein measurement with the folin-
phenol reagent. J. Biol. Chem.,193:265-275(1951).

Laemmli, U.K. Cleavage of structural proteins
during the assembly of the head of bacteriophage
T4. Nature,  227(5259),680-685(1970). doi:
10.1038/227680a0.

Wray, W., Boulikas, T., Wray, V.P. and Hancock,
R. Silver staining of proteins in polyacrylamide
gels. Anal. Biochem., 118(1),197-203(1981). doi:
10.1016/0003-2697(81)90179-2.

Towbin, H., Stachelin, T. and Gordon, .
Electrophoretic  transfer of proteins from
polyacrylamide gels to nitrocellulose sheets:
Procedure and some applications. Proc. Natl.
Acad. Sci. USA., 76(9),4350-4354(1979). doi:
10.1073/pnas.76.9.4350.

Jajic, 1., Sasa, K., Dragan, G., Sandra, J. and
Biljana, A. Validation of an HPLC method for
the determination of amino acids in feed. J. Serb.
Chem. Soc., 78(6),839-850(2013). Doi: 10.2298/
JSC120712144].

Lind, P., Haugegaard, J., Wingstrand, A. and
Henrisken, S.A. The time course of the specific
antibody response by various ELISAs in pigs
experimentally infected with Toxoplasma gondii.
Vet. Parasitol., T1(1),1-15(1997). doi: 10.1016/
s0304-4017(97)00010-1.

Parikh, R., Mathai, A., Parikh, S., Sekhar,
G.C. and Thomas, R. Understanding and using
sensitivity, specificity and predictive values. Ind. J.
Ophthal., 56(1),45-50(2008). doi: 10.4103/0301-
4738.37595.

Lendner, M., Béttcher, D., Delling, C., Ojo,
K.K., Van Voorhis, W.C. and Daugschies, A.
A novel CDPKI1 inhibitor-a potential treatment
for cryptosporidiosis in calves? Parasitol. Res.,
114(1), 335-336(2015). doi: 10.1007/s00436-
014-4228-7.



DIAGNOSIS OF CRYPTOSPORIDIOSIS USING AFFINITY PURIFIED ANTIGEN 471

40.

41.

42.

43.

44,

45.

46.

47.

48.

Cui, Z., Wang, R., Huang, J., Wang, H., Zhao,
J., Luo, N., Li, J., Zhang, Z. and Zhang, L.
Cryptosporidiosis caused by Cryptosporidium
parvum subtype IIdA15G1 at a dairy farm in
Northwestern China. Parasit. Vectors, 7(1),529—
32(2014). doi: 10.1186/s13071-014-0529-z.

Shaw, H.J., Innes, E.A., Morrison, L.J., Katzer,
F. and Wells, B. Long-term production effects of
clinical cryptosporidiosis in neonatal calves. Int. J.
Parasitol., 50(5),371-376(2020). doi: 10.1016/j.
ijpara.2020.03.002.

Elgun, G. and Koltas, LS.
of Cryptosporidium spp. antigen by ELISA
method in stool specimens obtained from
patients with diarrhea. Parasitol. Res., 108,395~
397(2011). doi: 10.1007/s00436-010-2079-4.

Investigation

Ouakli, N., Belkhiri, A., de Lucio, A., Kdoster,
P.C., Djoudi, M., Dadda, A., Khelef, D., Kaidi,
R. and Carmena, D. Cryptosporidium-associated
diarrhoea in neonatal calves in Algeria. Vet.
Parasitol. Reg. Stud. Reports, 12,78-84(2018).
doi: 10.1016/j.vprsr.2018.02.005.

Danisova, O., Halanova, M., Valen¢akova, A.
and Luptakova, L. Sensitivity, specificity and
comparison of three commercially available
immunological tests in the diagnosis of
Cryptosporidium species in animals. Braz. J.
Microbiol., 49,177-183 (2018). doi: 10.1016/j.
bjm.2017.03.016.

Aboelsoued, D., Hendawy, S.H.M., Abo-
Aziza, F.AM. and Abdel Megeed, K.N. Copro-
microscopical and immunological diagnosis of
cryptosporidiosis in Egyptian buffalo-calves with
special reference to their cytokine profiles. J.
Parasit. Dis., 44(3), 654-660(2020). doi: 10.1007/
$12639-020-01244-2.

Juyi, L., Yan, J., Xiufang, W., Zhaoqing, Z.,
Junliang, L., Mingxing, Z. and Wei, Z. Analysis
of the chemical components of hydatid fluid from
Echinococcus granulosus. Rev. Soc. Bras. Med.
Trop., 46(5),605-610(2013). doi: 10.1590/0037-
8682-0154-2013.

Lone, B.A., Chishti, M.Z., Ahmad, F., Tak, H.
and Hassan J. Immunodiagnosis of Haemonchus
contortus infection in sheep by indirect enzyme
linked immunosorbent assay (ELISA). Ilranian J.
Vet. Res., 13(1),49-53(2012).

Ninfa, A.J., Ballou, D.P. and Benore, M.
Fundamental  Laboratory — Approaches  for
Biochemistry and Biotechnology, 2™ ed., Wiley.
pp:133(2009). ISBN 9780470087664.

49.

50.

51.

52.

53.

54.

55.

56.

Khurana, S., Sharma, P., Sharma, A. and Malla,
N. Evaluation of Ziehl-Neelsen staining, auramine
phenol staining, antigen detection enzyme
linked immunosorbent assay and polymerase
chain reaction, for the diagnosis of intestinal
cryptosporidiosis. Trop. Parasitol.,  2(1),20—

23(2012). doi: 10.4103/2229-5070.97234.

Jafari, R., Maghsood, A.H., Safari, M., Latifi,
M. and Fallah, M. Comparison of fecal antigen
detection using enzyme linked immunosorbent
assay with the auramine phenol staining method
for diagnosis of human cryptosporidiosis.
Jundishapur. J. Microbiol., 8(2), ¢16470(2015).
doi: 10.5812/jjm.16470.

Allam, A.F., El-Taweel, H.A., Farag, H.F.,
Mohamed, A.F.I., Khalil, S.S. and Shehab, A.Y.
Performance of formalin ethyl acetate, percoll
sedimentation and ELISA for the detection
of Cryptosporidium infection in asymptomatic
children. J. Parasit. Dis., 45,319-323(2021). doi:
10.1007/512639-021-01349-2.

Giindiiz, N. and Arslan, M.O. Determining the
prevalence of cryptosporidium infections with
acid fast staining and ELISA in calves at the Kars
Province of Turkey. Turkiye Parazitol. Derg.,
41(1),5-8(2017). doi: 10.5152/tpd.2017.4833.

Chikweto, A., Veytsman, S., Tiwari, K., Cash,
K., Stratton, G., Thomas, D.
R.N. Prevalence of Cryptosporidium spp. in

and Sharma,

asymptomatic small ruminants in Grenada,
West Indies. Vet. Parasitol. Reg. Stud.
Reports, 15,100262(2019). doi:  10.1016/j.

vprsr.2019.100262.

Dankwa, K., Feglo, P.K., Nuvor, S.V., Aggrey-
Korsah, M. and Mutocheluh, M. Cryptosporidium
infection and associated risk factors among cattle
in the Central Region of Ghana. J. Parasitol. Res.,
2021,6625117(2021).doi: 10.1155/2021/6625117.

Mahmoudi, M., Hazrati Tapeh, K., Abasi, E.,
Sayyadi, H. and Aminpour, A. Prevalence and
genetic characterization of Cryptosporidium in
pre-weaned cattle in Urmia (Northwestern Iran).
J. Infect. Dev. Ctries., 15(3),422-427(2021). doi:
10.3855/jidc.12122.

Toaleb, N.I. and Abdel-Rahman, E.H. Potentials
of glycoprotein fraction in successful diagnosis
of sheep haemonchosis. Adv. Anim. Vet. Sci.,
9(3):335-343(2021).  doi:  10.17582/journal.
aavs/2021/9.3.335.343.

Egypt. J. Vet. Sci. Vol. 53, No. 4 (2022)



472

57.

58.

59.

60.

61.

62.

63.

64.

Toaleb, N.I., EI-Moghazy, F.M. and Hassan, S.E.
Diagnosis of eimeriosis in cattle by ELISA using
partially purified antigen. World Appl. Sci. J.,
12(1),33-38(2011b).

Hassan, S.E., Shaapan, R.M., Ghazy, A.A. and
Abdel-Rahman, E.H. Evaluation of purified
horse derived antigen in the diagnosis of human
toxoplasmosis. Global Vet., 9,630-634(2012).

Hassanain, M.A.H., Abdel-Rahman, E.H.,
Toaleb, N.I., Shaapan, R.M., Elfadaly, H.A. and
Hassanain, N.A.H. Development of 116 kDa
Fraction for detecting experimental Toxoplasma
gondii infections in mice. [ran. J. Parasitol.,
8(3),441(2013).

Toaleb, N.I., Shaapan, R.M. and Abdel-Rahman,
E.H. Adoption of immuno-affinity isolated
Fasciola gigantica fraction for diagnosis of ovine
toxoplasmosis. Global Vet., 12,140-145(2014).

Hassan, S.E., Toaleb, N.I., Shaapan, R.M., Abdel-
Rahman, E.H. and Elmahallawy, E.K. Diagnosis
of toxoplasmosis using affinity purified fraction of
tachyzoites local isolate. Res. J. Parasitol., 11:13—
19(2016). https://doi.org/10.3923/jp.2016.13.19

Fellouse, F.A., Barthelemy, P.A., Kelley, R.F.
and Sidhu, S.S. Tyrosine plays a dominant
functional role in the paratope of a synthetic
antibody derived from a four amino acid code. J.
Mol. Biol., 357(1),100—-114(2006). doi: 10.1016/.
jmb.2005.11.092.

Birtalan, S., Fisher, R.D. and Sidhu, S.S. The
functional capacity of the natural amino acids for
molecular recognition. Mol. Biosyst., 6(7),1186—
1194(2010). doi: 10.1039/b927393;.

Steen, J. Characterization of antigenic properties
and high throughput protein purification. School
of Biotechnology, Royal Institute of Technology
(KTH), Sweden. (2010).

Egypt. J. Vet. Sci. Vol. 53, No. 4 (2022)

DINA ABOELSOUED et al.



DIAGNOSIS OF CRYPTOSPORIDIOSIS USING AFFINITY PURIFIED ANTIGEN 473

Bl sl g SN Alial) 3 gas Adacdd g3 Ala M Al ga aldRaly andy ) gae s KU (0 0 il

Canallie i Ayl O dIae s 8 <O g gt dana (g gl algs ¢ 3 gral) g3l L

"l 4t ) 5995 ¢ Tasad) g pes ¢ G ) Ma

G- Gl e LSV YTYY il 5 gaia - Gl e gil) S all - ) saad) al el 5 illilall and )

)mA-'&JALﬁ\_

3 oalall - Bl el ¢ LS - 12622 20 (8 sdia - Dl el S pall - Ay ) L ) il il
Y

o

Alal CYase die iy Clilsalls pddl ol Jeal) o ald (e 8w san g SI (e
oAl B8 Gandill dal e lady Hie aa alge eyl Al 33a Chaghy U Alle il
(osala YA 55370 Jiaa Sl Jgme T0) Ohsm YVA aladiad w3 dalladl Gl ,all 3 s s gia S
i iliilaes Lgin 5 Cul el e o jlee| JE 53V ) Bna Sl Jsae G D) Al e gen o8
Modified) Haxall (sl 3 5l dra aladinly o sSuy jSaall Cnd Clisall and 259 A ol 5 oy 5
B Olay gall o2a Crardiil &3 Abaall Jsaall (e i ) s g S EBas sa J je 5 (Ziehl-Neelsen
2 sy (0ocyst antigen) A jaall lay sall (o dm Al o jumat o3 5 Gl al Ay 2l (5 gaell

e el dpanaii s ja8 4l Cliay all (e jeasall aall A ga of geiliall < jelal ) 501 Ll alasiuly
P8I (Lot Jumd¥) Sl sl n manall il ol s 485 0 5515l G el il o 5
alual) ae s2adll Cyanogen Bromide Sepharose 4B 33k (e ¢ sSall 8 ja sila 5 <1 Aball 3 e
A ga anii @lld 2ay 23 5 (Hyperimmune serum) <l Y1 (28 pasall as ) sa gis )1 (a yal 33laall
el Joadll alasinls Lagina 555 ) 3091 L) aladinly alall dlay sall s Al gy 45 )l i) 2l
e Joadll il < jelal 5 el acall Al gl 4V (alea¥) dlas Liagf iy e lial) okl sl
s Al ol hs e 570598,V L (A sadl )5 Clagingd o O (e ()5S () aall Al sl of
acall Al gl 31\3,.343“‘ uau;:y\ Jalasi @b?i LS el okl jlia) aladiuly Lelic dleliia lgases ()
1Y) WSS gl 0T Jiadl) g Y5 gl (e B S i agie el (mes VY 2 a5 Al
& s g SN Juslal saliaall abua) Gl giie o RST Gl aall Al gl elidl dadll o o
Al Ll Jiaa¥) 5 iy sana s JSU (im gl Al G salad) Jliaaal s Loy st dlaall ) yidl) Josa
Ol 7Y ¢ v dpa i g ugalall 720,Y 85 o) juill 79,8 dplea s A1 il (00 5V
e 8 ) aall e aladiuly 70V,) € Alal) daw o) El ¢jedal s e seladl 74T, YY
2l Al g O G Loa graialy g (nsalall (4o Leran &3 4000 glie Joae Aie VAY (8 aady  sans g SI) (2 30

) sane s S (a ye (andl) s 1A ye Cllay sl (e panall aiall Al 5e (e Al

bl - el Jaadll - 80 ja sila s SN Alal) dsac -3 —anyy sa g U i ge AN claldl)
Agia¥) (alea¥) Jilas - e Ll

Egypt. J. Vet. Sci. Vol. 53, No. 4 (2022)



