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Abstract

Background Hydatidosis is a chronic cyst forming helminthic disease of human, domestic and wild animals. The
immune responses play a pivotal role in limiting cystic larval development.

Objective To investigate the immunopathological effects of Fasciola hepatica antigens (FHAgs) and hydatid cyst
fluid antigens (HCFAgs) on the immune response against hydatidosis in mice.
Methods One hundred mice were divided into 5 groups; the 1% three were immunized subcutaneously with 0.2

ml of HCFAgs, FHAgs and mixed antigen (MAg = HCFAgs+FHAgs), respectively. The last two regarded as
control groups. On day 27 post immunization, the skin test was done for the 1% four groups. On day 30,
half the animals of each group were scarified to perform E-rosette test, agar gel diffusion (AGD), and
ELISA test. The rest of the mice with the 5™ group were challenged with 2000 viable protoscolex /
mouse. After 3 months, they were scarified for gross and histopathological examination.

Results The immunized group with MAg was hypersensitive prior to challenge the skin test, while E-rosette
test indicated the highest ratio of active lymphocytes before and after challenge in comparison with
other groups. The AGD test showed severe reaction between the sera of mice immunized with MAg
against the FHAgs against HCFAg and between sera of immunized group with FHAgs against HCFAg and
vice versa. The highest level of antibodies was recorded in the immunized group with MAg.
Histopathological examination for the internal organs of immunized groups revealed granulomatous
lesions, reduction in the number of cysts with lymphocytic hyperplasia and presence of degenerative
protoscolices. Control infected group revealed growth of cysts in the internal organs, with
degenerative and necrotic lesions.

Conclusion The 3 types of Ags stimulate humoral and cellular immunity was proved by immune-histopathological
investigations. The MAg was highly immunogenic in comparison with each Ag alone. This antigenic
activity may be due to the presence of synergistic interactions and cross-reactivity between the 2
parasites and this can be used as protective value against hydatidosis in the intermediate hosts.

Keywords Parasitic infections, immunological cross reaction, isolation parasitic antigens, Fasciola hepatica
antigens, Hydatid fluid antigens.

List of abbreviation: CE = cystic echinococcosis, AE = alveolar genus Echinococcus (fam||y Taeniidae)' Larval
echinococcosis, Ags = antigens, Ab = antibodies, HC = hydatid cyst, PSC = . . . . . . .
protoscolices, HCFAg = HC fluid antigen, FHAg = Fasciola hepatica antigen infection (hydatld dlsease' hydatldOSIS) IS a

MAg = mixed antigen, PBS = phosphate buffered saline, SFHFAg = soluble chronic cyst forming helminthic disease of
filtrated hydatid fluid antigens, SFHAgs = sonicated Fasciola hepatica h bei I d . d ild
antigens, SSFHAgs = soluble sonicated Fasciola hepatica antigens, NO = uman (le)lngs as well as omestic an Wi

nitric oxide. animals . The important medical and public
species are Echinococcus granulosus, and
Echinococcus multilocularis, which cause cystic
echinococcosis (CE) and alveolar echinococcosis

(AE), both are serious diseases @ The AE

Introduction
chinococcosis is a zoonotic parasitic
disease caused by the adult or larval
stages of the cestodes belong to the




especially with poor prognosis if careful clinical
management is not conducted (23),

The immune responses play a pivotal role in
limiting cystic larval development. Lightowlers et
al @ reported that the vaccine conferred a high
degree of protection against challenge with
different geographical isolates of Echinococcus
granulosus (E. granulosus). Then results indicate
that vaccine could have wide applicability as a
new tool for use in hydatid disease control
campaigns ©.

In another experiment, Hashemi and Razmi
reported that the antigens (Ags) of whole body
of E. granulosus, might be a good candidate for
immunization and diagnosis of hydatid cyst (HC)
in an intermediated host. Fasciola hepatica (F.
hepatica) has a wide distribution especially in
Irag, and sometimes there is mixed infection of
hydatidosis and fascioliasis; and in an attempt to
suggest a defined vaccine against HCs and F.
hepatica infection, this study were designed o,
The aims of current study are to evaluate the
role of F. hepatica Ags and hydatid fluid Ags
against HC infection in mice by performing
immuno-pathological studies plus the
correlation and assessment of the
immunological and the pathological changes
with the 3 types of Ags that used for
immunization to get a good candidate for
immunization and diagnosis of HC in the
intermediate hosts.

(6)

Methods

Laboratory animals

Total number of (100) mice (BALB/C) of both
genders ranged 4-6 weeks old, and weighted
between 19-24 g. They were divided into five
groups; each group had 20 mice, 1%, 2"* and 3"
groups were immunized with HC fluid Ag
(HCFAg), Fasciola hepatica Ag (FHAg) and mixed
Ag (MAg) respectively, 4™ and 5™ groups were
considered as control groups, both treated with
phosphate buffered saline (PBS), then the fifth
infected with HC and was left for 3 month:s.
Preparation of Ags

Hydatid cyst fluid antigens

Iraqgi JMS 2015; Vol.13(1)

According to Moosa and Abdel-Hafez ®  four
hundred ml of hydatid fluid was aseptically
aspirated from 35 fertile HCs lodged in sheep
livers. The fluid containing protoscolices (PSC)
and membrane fragments was pooled and
centrifuged at 5000 g for 30 minutes at 4 °C to
precipitate PSCs. The supernatant was dialyzed
and processed according to McVie et al ©) to get
HCFAgs. The protein concentration was
measured using UV-visible spectrophotometer
at wave lengths 280 and 260 nm, respectively, it
was 3.3 mg/ml. HCFAg antigens was stored at -
20 °C till use (immunization), and 20 ml of
antigens was centrifuged with ultra cold
centrifuge (13000 rpm for 30 minute),
supernatant was called soluble filtrated HFAg
(SFHFAg) was stored at -20°C till use for skin test.
Fasciola hepatica Antigens

Thirty-five adult flukes were collected from livers
samples of sheep infected with fascioliasis. The
worms  were identified morphologically
according to Threadgold °. They were washed
and homogenized in PBS pH 7.4 using an
electrical homogenizor  (ultra-turrax) and
processed according to Abdel-Rahman et al (1)
to get sonicated Fasciola hepatica antigens
(SFHAgs). Protein concentration was 4.1mg/ml
using UV-visible spectrophotometer at wave
length 280 nm, 260 nm respectively, then it was
diluted with distal water in order to make its
concentration 3.3 mg/ml. SFH Ags was stored in
a deep freezer until use. Fifteen ml of the
supernatant was centrifuged with ultra cold
centrifuge at 13000rpm for 30 min, to get
soluble sonicated FHAg (SSFH Ags) then was
stored at -20 °C till use.

Preparation of protoscolices and estimating the
challenge dose

PSCs were collected aseptically from 10 fertile E.
granulosus cysts, size (4-6 cm) from the liver of
infected sheep. The collected PSCs were washed
in PBS (PH7.4) containing 100 pg/ml of
gentamycin, then the viability and the quantity
of PSCs was determined according to Morel (2),
Experimental design

One hundred mice divided into five groups as
shown in the box below:
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The 1%, 2", and 3™ groups immunized s/c with 2
doses of antigens HCFAg, FHAg, and M Ag
respectively. 1*' dose in day 0, and 2™ dose in day 14.
The control (4™) group injected with PBS s/c (2 doses)

|

5th group

4 At day 27 after first immunization skin test was done for the 1%,
2", 3" and control group to detect cellular immunity by injecting
0.1ml/mouse SFHF Ag (i.d.) and 0.1ml/mouse SSFH Ag (i.d.) for 1*
and 2™ group respectively. The 1**and 2"¢ ten mice of the 3"
group injected with 0.1ml/mouse SFHF Ag (i.d.), and 0.1ml/mouse
\_ SSFH Ag (i.d.) respectively. Control group injected i.d. with PBS.

-
At day 30, 1*' half number of the mice from group 1,

2, 3, and 4 were scarified after blood collection for
detection of humoral immunity and spleen collected

L for lymphocyte activity

At day 30 after first
immunization the 2™
half of the mice from

each immunized and
control groups were
challenged with 2000

E-Rosette testto detect

ELISA to detect
cellular immunity. humoral immunity

] PSC/mouse IP.

Agar Gel Immunodiffusion test to detect humoral
immunity

]

After 3 months all infected groups were scarified and collect the organs for histopathological examination. ]

Delayed type hypersensitivity test

Delayed type hypersensitivity test was done
according to Ohta et al @3 for the all animals at
27" day post immunization as shown in fig.1.
Erythrocytes -Rosette test

This test was performed according to Braganza
et al ™ to evaluate the viability and the activity
of isolated T-lymphocytes from blood of
immunized and control groups.

Agar gel diffusion test

This test was done according to Bombardier and
Ggiordano 13 50 pl of pooled sera from each
group of mice were isolated from their blood
samples, they were diluted serially (1:50, 1:100,
1:200) in carbonate-bicarbonate buffer. Also 10
ul from each antigen was diluted serially (1:2,
1:4, 1:8). Best dilutions for the sera and antigens
that gave visible precipitate line in the agar gel
diffusion test were used in enzyme linked
immunosorbent assay (ELISA) (6]

Enzyme Linked Immunosorbent Assay

Determination of specific antibodies was carried
out as described by Ferragut and Nieto a7 with
simple modifications briefly, 96-well
microtitration plate was coated with 200 ul/well
of antigens (HCF, FH or Mix) diluted 1:8 in
carbonate-bicarbonate buffer pH 9.6 and
incubated over night at 4 °Cin a humid chamber.
Excess antigen was removed and washing the
wells four times with PBS — Tween 20 pH 7.4,
and blotting by using a filter paper, then blocking
was done with 200 pl of 1% Bovine serum
albumin in PBS at 37 °C for 1hr. Wells were
dried, and added 200 pl/well diluted sera at a
1:200 dilution in PBS —T20 and incubated 2 hr at
room temperature, the plate was washed with
PBS — T20 as described above, 200 pul of freshly
diluted conjugate (HRP-Goat anti mouse IgG)
1:10000 in diluent reagent 1% BSA-PBS was
added in each well and incubated for 3hr at 37°C
in humid chamber. The plate was washed as




described above to remove excess conjugate;
200ul of substrate solution (OPD and H,0,) was
added to all well and left for 30 min in a dark
place. The reaction was terminated by adding
50ul H,SO4 2.5 M, the optical density was read
on (630) nm with a by bio-tek micro plate reader
(model 450).

Preparations of tissue sections

For histopathological study tissue samples were
taken from internal organs of immunized and
control groups. They were fixed in 10% formalin
and processed routinely according to Banccroft
and Steven &,

Statistical analysis

Data were analyzed statistically using the
Microsoft Program (SPSS). Statistical analysis of
data was performed on the basis of Two-Way
Analysis of Variance (ANOVA) using a significant
level of (P<0.05). Specific group differences were
determined using least significant differences
(LSD) as described by Snedecor and Cochran *°).

Results

The results of delayed type hypersensitivity
showed a higher significant (P < 0.05) increase in
the means of foot pad thickness of immunized
groups as compared with the control. A higher
increase of thickness detected in the mice
treated with mixed antigen (HCFAg + FHAg) in
comparison with immunized and control group
as shown in table 1.

Table 1. Foot pad thickness of immunized and
control groups at 27" day post immunization.

Skin test before challenge with PSCs
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The results of erythrocytes-Rosette test showed
significant differences (P < 0.05) within the
immunized groups, also between the immunized
and the control groups, a higher stimulation
(0.85%0.05) observed in immunized mice with M
Ag (Table 2).

Table 2. E-rosette formation after 18hr
incubation in RPMI-1640 (before challenge)

Group E rosettes (% t s.d.)
1 FHAgs 0.37+0.05
2 HCFAgs 0.59+0.06
3 HCFAgs+FHAgs 0.85+0.05
4 Control 0.250.06

Group 24hr 4ashr 72hr
Control 1.8+0.1 1.8+0.1 1.8+0.1
A c A c A ¢
2.440.2 3.740.2 3.440.2
HCFAgs B a A b A b
2.06:0.06 | 2.6%0.1 2.4+0.2
FHAgs C b A b B b
2.740.1 3.1240.1 3.440.2
MAgs B a AB a A a

HCFAg = Hydatid cyst fluid antigen, FHAg = Fasciola hepatica

antigen, Mag = mixed antigen

HCFAg = Hydatid cyst fluid antigen, FHAg = Fasciola
hepatica antigen

In the technique of agar gel diffusion test,
diffusion of the antigen and anti-sera took place
through the agar. Visible precipitin lines are
formed in the gel at the point of equivalence.
The results showed precipitin bands between
sera of immunized mice with M Ag and the HCF
Ags and FH Ags. Also precipitin bands observed
between sera of infected mice with PSCs and
HCF Ags and FH Ags (Fig. 1).

group with
PSCs

Fig. 1. Agar gel diffusion

ELISA of all immunized mice showed a strong
response to the three antigens. The results
reveal a significant difference (P < 0.05) between
immunized and control groups. A higher level of
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Abs (0.462+0.009) is found in sera of mice
immunized with M Ag (Table 3).

Table 3. Antibody titer (OD) in sera of
immunized and control groups by ELISA

Group OD (meanzSE)nm/ml
1 FHAgs 0.293+0.007
2 HCFAgs 0.27210.004
3 MAgs 0.46210.009
4 Control 0.06+0.004

HCFAg = Hydatid cyst fluid antigen, FHAg = Fasciola
hepatica antigen, MAg = mixed antigen

Gross pathological changes

A number of secondary HCs were observed in
mice 3 months post infection, unilocular white
fluid filled cysts, measuring from 1-2mm mainly
in liver and abdominal cavity (Fig. 2). No gross
lesions were seen in the examined organs of
immunized animals that were scarified after
challenge except the presence of variable
degrees of splenomegally and hepatomegally
with congestion of some organs mainly in the
immunized mice with MAg.

A

Fig. 2. Macroscopical examination of control
group showed multiple unilocular, small
secondary hydatid cysts on liver surface (A) and
other internal organ (B) three months post
challenge

Histopathological changes

In non-immunized infected animals (positive-
control group) (Fig. 3) and immunized infected
animals were found in different internal organs

as shown in fig. 2 through 10 which revealed
appearance of HCs in the liver and other internal
organs of control infected group, with focal and
diffuse amyloid deposition in the spleen. The
immunized groups revealed absence of cysts in
the liver, presence of granulomatous lesions,
appearance of degenerated PSCs, appearance of
lymphoid proliferation in spleen and lung (BALT),
suppurative pneumonia, and presence of

extensive fibrous capsule in the spleen and
kidney of mice immunized with M Ag.

Fig. 3. Microscopical section in the hydatid cyst
of control infected animal three months post
challenge showed hydatid cyst with all three
layers (germinative, laminated and adventitia

(H&E X10)

Fig. 4. Microscopical section in the spleen of
control infected animals three months post
challenge showed positive Congo red result
(pale pink to red color) with focal and diffuse
amyloid deposition (Congored X40).




Fig. 5. Microscopical section in the lung of
immunized mice with HCFAgs showed
Hyperplasia peribronchiolar associated

lymphoid tissue three months post-challenge
(H&E X20).

Fig. 6. Microscopical section in the liver of
immunized animal with HCF Ags three months
post challenge showed moderate MNCs
aggregation in liver parenchyma mainly around
dilated bile duct with appearance of
degenerated protoscolex (H&E X40)

Discussion

Skin test (delayed type hypersensitivity-DTH)
We suggest that the parasitic Ags (immunization
or mixed infection) synergistically interact with
each other and probably an important influence
on the immune system ?**!)_ Also this could be
due to presence of similar epitops in both
parasitic Ags that is responsible for the cross-
reactive effect against hydatidosis in sheep (11,22)
The formation of rosettes is a specific test for
cells of T lineage. The results can be due to that
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these antigens stimulate cellular immune

response through activation of T-lymphocytes
(8,23)

Fig. 7. Microscopic section in the lung of
immunized animal with FH Ags showed
suppurative pneumonia three months post
challenge (H&E X40).

Fig. 8. Microscopical section in the spleen of
immunized animal with M Ag, three months
post challenge showed increase thickening of
capsule with fibrosis together with congestion
of red pulp (H&E X40)

The results of agar gel diffusion test may be due
to the presence of common Ags in different
parasites react against same antisera 24)

The results of ELISA were in agreement with
Babba et al (25), Poretti et al (26), Lin et al (27), and

Gaudier et al ®®.
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Fig. 9. Microscopical section in the kidney of
immunized animal with M Ag three months
post challenge showed increase Thickening of
renal capsule with fibrosis (H&E X20)

Fig. 10. Microscopical section in the liver of
immunized animal with HCF Ag three months
post challenge showed multifocal graulomatus
lesion in liver parenchyma associated with
vacuolar degeneration (H&E X40)

The results of this study proved a synergism and
across reaction between two economically
important zoonotic helminthes belong to
different classes. This cross reaction was
observed by ELISA in which Abs raised against

one Ag cross reacted with the other antigens
(11,20,21,22)

The appearance of HCs in the liver of control
infected group associated with vacuolar and
necrotic changes as well as atrophy of splenic

white pulp indicate that PSC reached the liver
through the peritoneum where the parasite
developed and overcome the host defense with
its secretion of immune complexes that inhibit
immune mechanism of infected host *°. The
absence of cystsin the liver of immunized groups
with HCF Ags and M Ag indicate that the
immune response prevent the PSC to develop in
the host ). Vuitton (30) suggested that parasite
may avoid the host immune system because of
low immunogenicity by masking surface Ags as
well as interfering with  Ag-presenting
mechanism.

As well as granulomatous lesion (Fig. 10) may
also be seen in the examined organs at three
months post challenge in the immunized groups
due to the host defense mechanism which
attempts to localize and destroy the PSC through
inducing proliferation and aggregation of
phagocytic cells mainly alternative activated
macrophage which produce cytokines IL- 8 and
IL-12. Also the present results reveal the
appearance of degenerated PSCs in the liver of
immunized group with HCF Ags (Fig. 6) this may
be due to the crucial and important role of IL-12
in the inhibition of larval growth, and was
originally termed natural killer cell GU The
appearance of lymphoid proliferation in spleen
and lung (BALT) (Fig. 5) showed hyperplastic
changes as a result to its persistent stimulation
by HCF Ags especially 3 months P.l that revealed
a good immune response following PSC infection
which act as a mitogen stimulate lymphoid cells.
Suppurative Pneumonia which was noticed in
the present study (Fig. 7) may be due to the
deposition of immune complexes as a result of
pulmonary tissue injury (7.32),

The spleen revealed lymphoid depletion in the
immunized group with Fasciola hepatica Ags,
this may be due to the role of nitric oxide (NO),
the FH excretory/secretory antigens decrease
nitrate production by host peritoneal cells, a
mechanism to avoid an immune response during
the first stage of liver penetration. This could
explain the transient suppression observed in
spleen mononuclear cell proliferation response;
on the other hand NO production could also be




one of the strategies of parasite to avoid
potential killing effect of NO during peritoneal
migration (33),

The presence of extensive fibrous capsule in the
spleen (Fig. 8) and kidney of mice immunized
with M antigen (Fig. 9) refers to the potential
role of M antigen in activating and stimulating
the host immune response and this capsule
protects the host against PSCs effect that killed
them before development so the results of
kidney and spleen fibrosis would tend to cast
doubt on the idea that the resistance developed
against a challenge of PSC was due to physical
barrier presented by extensive capsular fibrosis
in kidney and spleen. In conclusion, this study
showed that the three antigens (FHAgs, HCFAgs,
and M Ag) stimulate both cellular and humoral
immune response, and this is clear in the
histopathological observations by preventing the
development of HCs in the immunized group
with 3 types of Ags. The mixed Ag gave high
response for both humoral and cellular
immunity. Using mixed Ag gave higher response
or reactivity in skin test, E-rosette, ELISA and in
agar gel diffusion, while other groups showed
less response than the M Ag in comparison to
control group due to the synergism and cross-
reactivity between the two parasites.
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