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Abstract: Schistosomiasis 1s a parasitic disease causing serious chronic morbidity in tropical countries. Even
though an effective treatment exists, it does not prevent re-infection and the development of an effective
vaccine still remains the most desirable means of control for this disease. The possible applicability of
inmunization with a partially purified Soluble Egg Antigen (SEA, 100-137 kDa) for protection against
Schistosoma mansoni infection 1n challenged mice was evaluated by histological and immunchistochemical
studying of schustosomula-associated mflammatory reactions and deposition of schistosomal antigens in lung
tissues. Schistosomula and inflammatory foci were counted in lung sections by histologic scoring for 25 days
Post-Infection (PT). In control non-immunized mice, schistosomula number reached its peak earlier (day 7),
decreased rapidly and worms were barely detectable on day 25. In immunized mice, the number reached its peak
later (day 9), decreased gradually and many worms were still retamned in the lungs until day 25. Mild pulmonary
cellular reaction was noticed in control mice while in immumezed ones, evident mononuclear cellular mfiltration
with inflammatory foci appeared earlier (day 7) and significantly increased on subsequent days and was most
probably of Delayed Type Hypersensitivity (DTH). Schistosomal antigen deposition in lung tissues was
marlkedly augmented in immunized mice. The present study indicates that immunization with this SEA caused
augmentative pulmonary response against challenge infection, represented by inducing anamnestic
mflammation in lung tissues with consequent blocking of migration of lung schistosomula and more deposition
of schistosomal antigens with more stimulation of the immune response. So, this type of antigen may be useful
for the composition of a vaccine against schistosomiasis.
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INTRODUCTION

Helminth parasites of the genus Schistosoma are the
causative agents of schistosomiasis, a major medical and
vetermary problem in the tropics. It affects approximately
200 million of individuals m >70 countries with an
estimated 280,000 deaths per year and 500-600 million are
at risk (WHO, 2002). The digenetic blood fluke,
Schistosoma mansoni is one of the major causative
agents. Parasite eggs are trapped in the liver and intestine
where they induce granuloma formation and fibrosis, the
main cause of morbidity and mortality mn schistosomiasis
(Boros, 1989). Chemotherapy 1s an important control
strategy against this parasitic disease (Harder, 2002),
however, it has not reduced the endemicity (Bergquist,
1995) and rapid reinfection demands frequent treatment

{(Ismail et al, 1999). Therefore, prophylactic vaccination
would have a major impact on the control of this infection
(Bergquist, 2002). Variant levels of protection against
challenge infection with Schistosoma mansoni were
described by immunization with either non-living larval
schistosomes or soluble membrane-free schistosome
extracts (James ef al, 1985), Paramyosin (Sm97) a
non-surface parasite antigen (Pearce et al, 1988),
glutathione-S-transferase (P26, 28) and GP18 (Sher et al.,
1989), purified adult worm antigen (Smithers ef al., 1989),
heavily wradiated cercariae or schistosomula (Strand,
1995) and antioxidant enzymes (LoVerde et al., 2004).
During the last decades, schistosome research with recent
genomic information has changed significantly and
the publication of the S. mansoni transcriptomes
(Verjovski-Almeida et al, 2003) together with the advent
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of entire S. mansoni genome sequencing, all boosted by
advances m biomformatics, have markedly changed the
schistosome vaccine research field. Recombinant protein
form (22.6 kDa) antigen (Pacifico et al., 2006), stomatin
and recombinant stomatin like protein 2, Sm Stol.P-2
(Farias et af., 2010) and the chimeric antigen Sm-TSP-2/5B
(Pearson et al., 2012) have been described. However,
there 1s still no effective vaccine with 100% protection
level against schistosomiasis

In the present study using the partially purified
Scluble Egg Antigen (SEA) of S, mansoni for
unmunization, the role of the lung, bemng the major site of
parasite elimination in normal mice (Dean and Mangold,
1992) in inducing resistance against challenge infection
was studied by histological and immunohistochemical

methods.
MATERIALS AND METHODS

Animals and parasite maintenance: Fifty laboratory-bred
Swiss albino mice, 6-8 weeks old were experimentally
mfected with 200 cercariae/mouse by tail immersion
technique. All procedures in the present study including
euthanasia procedure were conducted 1n accordance with
the National Institute of Health Guide for the Care and
Use of Laboratory Amimals, Institute for Laboratory
Animal Research (NTH Publications No. 80-23; 1996) and
the Ethical Guidelines of the Experimental Ammal Care
Center (College of Pharmacy, King Saud University, Saudi
Arabia).

Preparation of SEA: Viable S. mansoni eggs were
obtained from livers by potassium hydroxide digestion
technique (Doenhoff et al, 1981). Crude SEA was
prepared from viable eggs (Dunne ef af, 1981) and
fractionated by gel chromatography using sephadex G 200
(Gravey et al, 1977). Three peaks were obtained, the
second peak of 23 mg mL™' protein content and
100-137 k Daltons molecular weight, proved to be more
protective was used for immunization.

Immunization of mice, challenge infections,
histopathological and immunohistochemical studies:
Immuization of 30 mice was done by mtradermal imjection
twice weekly for 4 weeks (0.1 mL antigen with 5x10° CFU
of BCG/mouse). In unimmunized age-matched control
group (30 mice), phosphate buffered saline with BCG was
admimistered using the same immunization protocol.
About 1 week after the last day of immunization, both
groups were challenged with 150 S. mansoni cercariae/
mouse and sacrificed at days 5, 7,9, 12, 18 and 25 post-
challenge (5 mice/group/day). Identical samples from
each lung were collected, fixed in 10% formol saline,

processed to paraffin wax, sectioned (4 p thickness) and
subjected for: Hematoxilin-Eosin (HE) staimng for
detection of schistosomula and pulmonary cellular
reactions using the light microscope (10xobjective).
Schistosomula found in 20 sections of lung/mouse
(prepared at mtervals of at least 30 p apart in depth) were
counted and the mean numbers at each time point
were determined and compared. Inflammatory lung
foci, presumed to result from parasite destruction
(Von Lichtenberg et al, 1977) were counted and
statistically compared in the same manner (Kirkwood,
1989). Immunohistochemical staining by the Indirect
Immunoperoxidase (IIP) test (Kiernan, 1981) for detection
of schistosomular antigens in lung tissues using purified
hyperimmune rabbit’s serum against schistosomular
antigen and peroxidase-comjugated anti-rabbit IgG
(Sigma).

Preparation of schistosomular antigen: S. mansori
cercariae (Bgyptian strain), liberated from mfected
Biompholaria alexandrina snails were transformed to
schistosomula by the method of Clegg and Smithers
(1972). Obtained schistosomula were resuspended in
Earle’s lactalbumm contaimng 1% fetal calf serum at a
concentration of 5x10° mL.™" and disrupted ultrasonically
until no mtact parasite remained. The homogenate was
stored at -20°C until use. Protein concentration was
estimated by the method of Lowry ef al. (1951) and found
to be 25 mg mL. ",

Preparation of hyperimmune rabbit’s serum against
schistosomular antigen: Anti-schistosomular antiserum
was prepared in New Zealand white rabbit according to
the method of Hassan et al. (1992). Seven biweekly doses,
each of 0.5 mL schistosomular antigen plus 0.5 mL
complete Freund’s adjuvant were imjected at 2
inframuscular and subcutaneous sites on the rabbit’s
back. About 1 week after the last mjection, the rabbit was
bled and the serum was separated. Gamma globulin
fraction was separated according to Hudson and Hay
(1980) by ammonium sulphate and caprylic acid. The
antiserum was also purified as described by Hassan ef al.
(1995) using protein-A sepharose chromatography.

RESULTS AND DISCUSSION

Results of the present study showed that there was
a striking difference in clearance of both schistosomula
and inflammatory foci between the control and immunized
mice (Table 1). On the 5th and 7th post-challenge days,
fewer worms were detected in the lungs of immunized mice
in comparison to those detected in the lungs of control
mice with insignificant difference (p=0.05). This may be
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Table 1: Histological scoring of schistosomula and inflammatory foci in the lungs of mice immunized with partially purified SEA versus unimrmmunized control.

All challenged with normal cercariae

No. of lung schistosomula’+SD

No. of inflammatory foci"+SD

Days

post-challenge Control Immunized p-value™ Control Immunized p-value™
5 14.4+1.7 11.8+1.5 p=0.050 0 0 0

7 18.4+1.7 164+1.6 p=0.050 0 12.8+2.1 p<0.001
9 10.2+1.8 20.8+1.1 p<0.001 4.6+0.9 20.2+3.2 p<0.001
12 4.8+0.8 16.8+1.2 p<0.001 10.4+1.1 31.6t22 p<0.001
18 2.0+0.7 11.2+0.8 p<0.001 5.2+0.8 42.8+3.5 p<0.001
25 0.8+0.4 T7.6+0.4 p<0.001 1.8+0.8 533+28 p<0.001

“Number counted in 20 lung sections/mouse. Number of mice sacrificed per time interval = 5, “p=0.05: insignificant; p<0.001: highly significant

due to the partial immune parasite killing m the skin
(Von Lichtenberg et al., 1985). On day 9, the number of
challenge worms in immunized mice reached its peak and
clearance occurred slowly. On the same day, fewer worms
were detected in control mice (p<0.001) and clearance
occurred rapidly. On day 9, the number of challenge
worms in immumzed mice reached its peak clearance
occured slowly compared to control mice which
contained less worms (p<0.001) and clearance
occurred rapidly. By day 25, most worms in control mice
had migrated from the lungs while most of those in
immunized mice remained in the lungs. This indicates that
the rate of elinination of sclistosomula was much slower
from the lungs of immunized mice than from those of
control mice. By day 25, most worms m control mice had
migrated from the lungs while most ones in immunized
mice were retained m the lungs. So, the rate of elimination
of schistosomula from the lungs of immunized mice was
much slower than from control mice. This pattern of
schistosomula clearance in immunized mice was similar to
that reported by Wilson and Coulson and Dean and
Mangold (1992) wusing attenuated cercariae as a
vaceine.

The inflammatory foci resulted from challenge worms
appeared earlier in immunized mice (day 7) and were more
nmumerous on subsequent days with a highly significant
difference (p<0.001) in comparison with the control
group. This, most probably, indicates increased challenge
parasite disintegration n immunized mice on the
assumption that inflammatory lung foci represent parasite
destruction (Von Lichtenberg and Byram, 1980) or the
product of non-specific responses to tissue damage
caused by the parasites (Crabtree and Wilson, 1986).

The method used in the present study for counting
lung schistosmula and inflammatory foci, 1.e, the
histologic estimates within 20 sections/mouse taken at
30 p mtervals may provide marginally reliable or objective
method for estimating results in control versus immunized
mice. The known method for counting schistosomula by
mincing and incubation (Smithers and Gammage, 1980)
was not performed being reported to be more tedious and
having 30% failure of schistosomula emergence from
tissue smips (Dean et al., 1984).
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Fig. 1. Lung section from normal umnfected unimmumzed
mouse showing thin blood vessel wall and the
thin mteralveolar septa with absence of cellular
infiltration (H&E, X1 50)
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Fig. 2: Lung section from control ummmunized mouse,
12 days post-infection, showmg mild diffuse
mononuclear cellular infiltration (H&E, X150)

The pulmoenary cellular reaction (Fig. 1-6) was quite
different in both groups (Table 2). In immunized mice,
perivascular cellular infiltrations were evident as early as
day 7 and from day 9 onwards, mononuclear cellular
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Fig. 3: Lung section from mmmumzed mouse, 7 days post-
challenge with normal cercariae showing moderate
peri-vascular mononuclear cellular infiltration
(H&E, X150)

Fig. 4: Lung section from immunized mouse, 12 days
post-challenge infection showing moderate
mononuclear cellular mfiltration, perivascular and
in the alveolar septa with one schistosomulum
(arrow) entrapped within focal cellular aggregation
(H&E, X150)

Table 2: Pulmonary cellular reactions in mice immunized with partially
purified SEA versus unimrnunized control. All challenged with
normal cercariae

Pulmonary cellular reactions”

Control mice Trrmunized mice

Days

post- Alveolar Alveolar
challenge Perivascular septa Foci  Perivascular septa Foci
5 - - - + - -

7 - - ++ + +

9 + + + ++ ++ ++
12 + ++ Tt T T bt
18 - ++ + ++ ++++ -+
25 - + + ++ 4+ ++++

- = Absent; + = Mild; ++ = Moderate; +++ = Marked; ++++ = Intense

Fig. 5: Lung section from immunized mouse, 12 days
post-challenge  infection showing marked
perivascular focal mononuclear infiltration (H&E,
X300)
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Fig. 6: Lung section from immumized mouse, 18 days
post-challenge infection showing marked diffuse
mononuclear cellular infiltration with enlargement
of the interstetium (H&E, X150)

wnfiltrations and mflammatory foci were mcreasing
throughout the alveoli. By contrast, the reacton was
evident on days 12 and 18 in control mice and the number
and size of the foci were significantly (p<t0.001) less. In
other words, the cellular reaction 1in mmmunized mice was
of greater magnitude and rapid in appearance (anamnestic
response). Such inflammatory reactions inimmunized mice
seem to delay or to block schistosomula migration by
impeding their movement, destroying the vascular
pathway (Crabtree and Wilson, 1986) or deflecting the
parasites into the alveoli, trachea and gastrointestinal
tract (Dean and Mangold, 1992).

The mononuclear cellular composition (lymphocytes
and macrophages) of mfiltrations and foci suggests a
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Table 3: Schistosomal antigen deposition in the lungs of mice immunized with partially purified 8EA versus unimmunized control. All challenged with

normal cercariag

Schistosomal antigen deposition”

Tntravascular Perivascular Blood vessels Alveolar septa Inflammatory cells Foci

Cont. Imm. Cont. Imm. Cont. Imm. Cont. Imm Cont Imm. Cont. Imm
Days 'mice ’mnice mice mice mice mice mice mice mice .mice mice mice
5 ++ + + + + + - - - - -
7 ++ ++ ++ ++ ++ ++ ++ ++ - ++ - +
9 ++ ++ ++ ++ ++ ++ ++ +++ + ++ + ++
12 ++ + ++ + ++ + +++ -+ + -+ + -+
18 ++ + ++ + ++ + ++ -+ ++ -+ + -+
25 ++ + ++ + ++ + ++ +++ + +++ + +++

!Control; “Immunized; "- =No antigen, negative reaction; + = Little antigen, weak reaction; ++ = Moderate antigen, moderate reaction; +++ = Marked antigen,

strong reaction; ++++ = Excess antigen, intense reaction

Fig. 7. Lung section from control wmmmunized mouse,
7 days post challenge infection showing antigen
deposition intravascular (++), perivascular (++)
and in the alveolar septa (++) (Immunoperoxidase,

X150)

Delayed Type Hypersensitivity (DTH) response and
implies that the induced protective lung phase in
mmmunized mice 18 T-cell dependent. Hermandez ef al.
(1997) declared that granulomatous inflammation is
strictly dependent on CD4+ T helper (Th) cells specific for
Schistosome Hgg Antigens (SEA). Williams et af. (2001,
2005) mdicated that the egg-induced mmmunopathology
15 mediated by CD4+ T helper cells sensitized to
schistosome egg antigens. Cass ef al. (2007) reported that
they were able to identify the S. mansoni egg secretome,
a complex array of 188 proteins in addition to 32 novel Egg
Secreting Proteins (ESP). They added that ESP profoundly
influence the Thl/Th2-cytokine environment and serve as
the focus of the host immuncinflammatory response.
Deposition of schistosomular antigens mn lung
tissues (Table 3) was detected as early as day 7 in both

Fig. 8 Lung section from control unimmunized mouse,
9 days post-infection showing antigen deposition
in the interalevolar septa (++) and bronchioles
(+++) (Immunoperoxidase, X150)

control and immunized mice (Fig. 7-12). These antigens
represent excretory-secretory products of lung stages.

However, the level of deposited antigens was
steadily increasing by time in the immunized group and
this might indicate more parasites sequestration m the
lungs and more production of antigens. Also, it might be
due to dead or disintegrated parasites within the
inflammatory foci. The cellular infiltrates also showed
positive reaction due to diffusion of schistosomular
antigens into their cytoplasm. Obviously, on days 18 and
25, circulating antigens from extra-pulmonary (hepatic)
stages might share in the positivity of the reaction. These
results might mdicate that antigen deposition m lung
tissue of immunized mice was markedly augmented and
this will be consequently recogmzed by a subset of
T-cells, release of more lymphokines and attraction of
more macrophages at the site of antigens, 1.e., exaggerated
T-cell response will result (Wakelin, 1984).
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Fig. 9 Lung section from control unimmunized mouse,
12 days post-infection showing antigen
deposition intravascular (++), perivascular (++),
alveolar septa (+++), bronchioles (+++) and
mflammatory cells (Immunoperoxidase, X100)

Fig. 10: Lung section from immunized mouse 12 days
post-challenge  infection showmg antigen
deposition intravascular (+), blood vessel (+),
intraveolar septa (+++), in the bronchioles (+++),
in the inflammatory cells and foci (+++)
(Immunoperoxidase, X150)

Fig. 11: Lung section from immunized mouse, 18 days

post-challenge  infection showing antigen
deposition in  the interalveolar  septa,
mflammatory  cells and  foer  (+—++)

(ITmmunoperoxidase, 2{100)

Fig. 12: Lung section from immunized mouse, 25 days
post-challenge infection showing antigen
deposition in the interaveolar septa (++t),
inflammatory cells (+++) and foci (+++)
(Immunoperoxidase, X100)

CONCLUSION

Results of the present research indicate that in mice
immunized with SEA fraction of molecular weight
100-137 k Daltons, the process of lung resistance 1s
markedly augmented by significant secuestration of lung
stages, significant increase in inflammatory foci,
anamnestic immune response of DTH and mncreased
deposition of antigens in lung tissues. In other words,
this SEA fraction by stimulating a controlled inflammation
i lung tissues with consequent blocking in
schistosomula migration and therefore may be a good
candidate antigen for the composition of a wvaccine
against schistosomiasis.
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