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Introduction

Schistosomiasis is a major public health problem that affects mainly

developing countries. There are 200 million people worldwide infected with

schistosomes resulting in more than 250,000 deaths per year (Pacifico et al.,

2006). Approximately 85% of the 200 million people infected with

schistosomiasis inhabit sub-Saharan Africa (Mungadi & Malami, 2007). It is

one of the most important human diseases causing damage for economy and

man power in the area where it prevails (Pyrrho et al., 2004).

In Egypt, it is one of the major public health problems (El-Khoby et

al., 2000). In 1998 El-Khoby et al., reported that at mid 1996 about six

million Egyptians infected with a prevalence rate of 11.9% and 5.5% for

Schistosoma mansoni and Schistosoma haematobium respectively. It was

estimated by the ministry of health in 2002 to be below 5% although some

independent researchers were still insisting prevalence was higher in hot

villages (Hanna et al., 2005).

In human, the nature of the disease is largely immunological and only

indirectly due to the parasitic worm itself. The pathological lesions emanate

from inflammatory reactions to the large number of parasite eggs which are

retained in host tissues rather than excreted with the faeces or urine to infect

the snail (Yang, 2008).

Its pathology is to create a granulomatous reaction towards the egg

that failed to be excreted by the host. The resulting fibrosis can cause

hepatomegally in the liver (Moawad, 2003).
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Even though schistosomicidal agents and other control measures,

including public hygiene and snail control exist, development of an

efficacious vaccine still remains the most potentially powerful method for

control of schistosomiasis (Siddiqui et al., 2005).

All of the informations available indicated that early-irradiated stages

are required for the induction of resistance. There is some evidence that

cercariae lose some of its potency in induction of resistance immediately

after artificial conversion to skin-stage schistosomula (Sher & Benno, 1982).

Therefore, schistosomula were considered as the first important source of

antigens.

The radiation attenuated vaccine (RA) has enabled the dissection of

different immune responses as putative effector mechanisms. Priming of

protective response by radiation attenuated larvae is a highly co-ordinated

series of events starting in skin, draining lymph nodes and lungs, leading to

the development of various effector responses, ranging from Thı-associated 

cell-mediated activity, to anti-parasitic antibodies, all of which contribute to

elimination of challenge larvae to varying extents (Hewitson et al., 2005).

The action of the irradiation may not kill the parasite out right, but to

incapacitate them to allow the host immune response to kill them (as the

effect of the schistosomicides), where the tegumental damage caused would

expose epitopes on the worm surface that are normally not exposed and

causes functional impairment of the parasite (EL-Sayed & Allam 1997 and

Tran et al., 2006).
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Radiation-attenuated (RA) schistosomes penetrate the host via the

skin where they stimulate intense inflammatory reactions and also induce the

secretion of regulatory interleukin 10 (IL-10) (Hogg et al., 2003). This IL-10

suppresses the accessory cell activity of both macrophages and dendritic

cells by inhibiting production of pro-inflammatory mediators like tumour

necrosis factor alpha (TNF-α), which has been identified as a potential 

mediator of granuloma formation (Davies et al., 2004). The authers

demonstrated that signaling by TNF and its receptors could influence

granuloma formation and limit hepatocellular damage in response to

schistosome eggs.
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AIM OF THE WORK

Current strategies for the control of shchistosomiasis are based

primarily on chemotherapy but successful vaccination against infection has

been also demonstrated in several host parasite models. The present study

was designed to asses the immunogenic effects of the vaccination with

autogenic targets in the form of schistosomula attenuated by different doses

of γ-radiation (15, 20, 25 Kilorad) in mice challenged with S. mansoni

cercariae as regard parasitological, histological, biochemical and

immunological aspects.
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Basic Parasitology

(a) Species:

Schistosomes belong to the Phylum Platyhelminthes, Family

Schistosomatidae, are a group of digenetic, dioecious trematodes requiring

definitive and intermediate hosts to complete their life cycles. Three species

are important agents of human disease: S. mansoni, S. haematobium and S.

japonicum. While S. intercalatum, S. mekongi and S. malayensis are of

less epidemiologic importance than the other three species (Ghaffar et al.,

1991 and Capron, 1991).

(b) Systemic position of human schistosomes:

According to (Belding, 1965; Schmidt & Roberts, 1985; Marquardt et

al., 2000 and Arora & Arora, 2005), it may be summarized as follow:

Kingdom : Animal (Limnaeus, 1758).

Phylum : Platyhelminthes (Gegenbaur, 1859).

Class : Trematoda (Rubdolphi, 1808).

Subclass : Digenea (Carus, 1863&Necvan bende, 1858).

Superorder : Anepitheliocyctidia

Order : Strigla

Superfamily : Schistosomatoidea (Stiles&Hanssal, 1926).

Family : Schistosomatidae (Looss, 1899).

Genus : Schistosoma (Weinland, 1858).

Species : haematobium (Bilharz, 1852).

: mansoni (Sambon, 1907).

: japonicum (Katsurada, 1904).

: mekongi (Greer et al., 1988).

: malayensis (Greer et al., 1988).
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Other species which may parasitize man (Beaver et al., 1984)

- S. bovis.

- S. mattheei.

- S. intercalatum.

- S. margrebowiei.

- S. rodhaini.

Schistosoma mansoni was discovered by Sambon in (1907) and

named Afrobilharia mansoni, then was named by Silva in (1908)

Schistosomum americanum da Silva and since that it has been

rediscribed by several investigators (Faust et al., 1970).
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Table (1) Chief differential characteristics of Schistosoma species

Coutesy of R.F. Sturrech Department of Medical London School of Hygiene and Tropical

Medicine Reproduced with permission from Jordan P. Webbe G & Sturrock F.F.(eds) Human

Schistosomiasis Wallingford ; CAB Internationa, 1993

Item S. mansoni S.heamatobium S. japonicum S. intercalatum S. mekongi

Location of adult in host

Length of posterior gut

Caecum

Mesenteric

veins

Very long

Vesical

plexus

Short

Mesenteric

veins

Medium

Mesenteric

veins

Short

Mesenteric

veins

Medium

Male

Length (mm)

Width (mm)

No. of testes

Tubercles

6-13

1.10

4-13 (6-9)

Coarse

10-15

0.90

4-5

Fine

20-30

0.55

6-7

Absent

11-14

0.3-0.4

2-7(4-5)

Fine

15

0.41

6-7

Absent

Female

Length (mm)

Width (mm)

Ovary position in body

Uterus position in body

Length

Number of eggs

10-20

0.16

Front third

Front half

Very short

1-2

16-26

0.25

Rear third

Front two-third

Long

10-50

10-30

0.30

Middle

Front half

Short

50-200

10-14

0.15-0.18

rear half

Front two-thirds

Long

50-200

12

0.23

Rear half

Front half

Short

10

Mature egg

Shape

Size (µm)

Spine

Normally passed in

Eggs / female / day

Ovoid

61x140

Lateral

(prominent)

Faeces

100-300

Ovoid

62x150

Terminal

(prominent)

Urine

200-300

Round

60x100

Lateral

(reduced)

Faeces

350

Ovoid

61x176

Terminal

(prominent)

Faeces (and urine)

150-400

Round

57x6

Lateral

(reduced)

Faeces

Intermediate host snail Biomphalaria Bulinus Oncomelania Bulinus Tricula
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http://websmed.portoalegre.rs.gov.br/escolas/obino/revista/platelmintos/caramujo.gif

Fig (1) Morphology and Life cycle of S. mansoni
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(c) Morphology and life cycle: (Fig. 1)

c1) Adult:

Faust et al. (1970) reported that S. mansoni is a bisexual trematode.

The male measures 6-14X1 mm. Its body is composed of two parts an

anterior is more or less cylindrical part carrying a subterminal oral sucker

and a pedunculated ventral sucker a short distantce behined the oral, and a

posterior flattened part. It is grey or white with coarse integumentary

tuberculation. The intestine bifurcates anterior to the ventral sucker into 2

caeca which reunite in the posterior part of the body occupying the posterior

two thirds. It possesses 3-13 testes usually 6-8 situated dorsal and postreior

to the ventral sucker. Curved part forming the gynaecophoric canal

extending the entire length of the body from the ventral sucker in which the

slender female is held during copulation and migration in blood vessels.

The female is cylindrical and long measuring 12-16 x 0.16mm.with

pointed ends. The tegument is smooth except for minute papillae on the

anterior and posterior extremities. The oral and ventral suckers are equal and

near the anterior end. The intestine is often reddish black in color due to

ingested red blood corpuscles. The productive organs consist of an elongated

ovary found at the anterior half of the body.

The oviduct passing from the broad posterior pole of the ovary is

jointed by the vitelline duct at the ootype which is surrounded by Mehlis´

glands. The short uterus occupies the anterior third of the body and usually

contains only one to four eggs at a time (Belding, 1965).
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Schistosomal surface:

Schistosomes are complex multicellular eukaryotes and the surface of

the adult worm is particularly important in any consideration of the host-

parasite relationship, since the worms have co-evolved with their

mammalian host such that they are able to survive for 5-10 years in the

vascular system in immune competent hosts (Van Hellemond et al., 2006)

The surface of the adult worms includes an external surface termed

the tegument which provides a physical barrier that protects internal cells

and organ systems from external environment which include various

immune effectors, digestive enzymes and potentially toxic concentrations of

protons and oxygen, and an internal surface (Thompson & Geary, 2004).

The tegument of S. mansoni worm is the site of interaction between

the parasite and the host and it is involved in the uptake of many nutrients

also plays a cruciale role in the evasion of the actions of the host immune

system. So, the integrity of the tegumntal membrane is essential for the

success of this evasion (Brouwers et al., 1999; Braschi et al., 2006 and

Sprong et al., 2006).

Surface topography by electron microscope (E.M):

1– External surface:

The surface topography of adult schistosome has been visualized in a

number of scanning electron microscope (SEM) studies done by McClaren

(1980), Mansoury (1997), El-Assal et al. (2002) and Roberts and Janovy

(2005) generally the studies identifying many elevated areas, which were

designated as tubercles covered with hairs. With the development of
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transmmission electron microscope (TEM), the tubercles became bosses and

the hairs became spines Davies (2004) and Tallima & El-Ridi (2005).

(a) Male worm

The dorsal surface of the male worm of S. mansoni bears numerous

and large bosses each of which is invested with pointed spines. About 50-

250 spines have been counted per tubercle. The spines are directed towards

the apex of the tubercle, which is usually spinless. The tubercles are limited

to the region behined the ventral sucker while they become fewer at the

posterior end, and at the lateral margins of the dorsal surface. The surface

between the tubercles has a characteristic pitted apperance, and bears ciliated

sensory organelles. They are thought to anchor the worms in position by

catching against the walls of the blood vessels (McClaren, 1980). The neck

region, between the oral and ventral suckers is highly pitted and seems to

bear longitudinally arranged rows of sensory structures (Machado-Sliva et

al., 1997).

The ventral surface of the male is characterized by the oral and ventral

sucker and the gynaecophoric canal. The upper and lower lips of the oral

sucker are covered with pits through which project sharp spines, directed

inwards towards the mouth. Roberts and Janvoy (2005) have suggested that

the spiny oral sucker might serve to grasp at host tissues. The peripheral rim

of the sucker is also pitted, but spine free and bears numeraous non ciliated

sensory papillae (Jose et al., 1998).

The extremity of the ventral sucker showed two spiny regions and

porous spinless, with some sensorial papillae distributed between the two
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rows of spines. Just behind the ventral sucker, the body increase in width

and folds ventrally to form the gynaecophoric canal (Jose et al., 1998).

At the anterior enterance to the gynaecophoric canal, the venteral

surface is pitted and shows an abundance of sensory structres. The ventral

surface inside the canal brears many short, blunt-looking spines and has a

ridged and pitted appearanes. The apparently blunted spines within the canal

might be required to hold the female in position without damaging her

surface, while the anteriorly-directed needle-like spines at the posterior

extremity would prevent her from slipping out backwards (Neves et al.,

2004).

(b) Female worm

The surface of female worms is more uniform in appearance and is

free of bosses. There is a covering of anteriorly directed spines on the

posterior part of the body. The posterior tip bears few sensory bulbs and free

of spines (Neves et al., 2004 and Roberts & Janovy, 2005).

2- Internal surface:

Schistosome worm possess gastrodermis and protonephridial systems,

both of which are sites for exchange of molecules between parasite and host

(Sklly & Shoemaker, 2001).

The gastrodermis is both secretory and absorptive in function. A wide

range of enzymes involved in digestion and processing of nutrient are

localizes in the gastrodermis epithelium, including several papain-like

cystine proteases, esterases, acid phosphatases and glucose-6-phosphatase

and haemoglobinases are also secreted by the gut epithelial cell of S.
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mansoni, which are the papain like cystein proteases.This enzyme breakes

down haemoglobin from the hostۥs erythrocytes into pigment that give a

browen appearance to the parasite (Roberts & Janvory, 2005).

c2) Egg: (Fig.1)

The egg is non-operculated, about 150 x 60µ and have lateral spine.

Pellegrino and Coelh (1978) classified schistosomal eggs according to their

evolutive and morphological aspects as follows:

a- Viable and dead

• Viable eggs may be immature or mature.

- Immature eggs: Show a developing embryo and according to the size of

this embryo, it is graded to 1st, 2nd, 3rd and 4th stage.

The 1st stage: Has a small embryo (about 1/3 to transverse egg diameter) and

resemble the uterine egg.

The 2nd stage: When the embryo is already slightly larger than half to the

transverse egg diameter.

The 3rd stage: When the size of embryo corresponds to 2/3 of the

longitudinal diameter of the egg.

The 4th stage: the embryo occupies partically the whole of the egg shell.

- Mature egg: has a fully developed miracidum.

• Dead eggs: Death of the embryo or miracidium may occur at any

stage of development.

i) When it occurs during immature stages, they are classified as

semitransparent, granular and darkened egg with retracted embryo.

1- Semitransparent eggs: Shows a clear longitudinal half, whereas the other

half on the spine side is dark.

2- Granular eggs: Contain small granules of fatty nature.
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3- Darkened eggs: Appear entirely dark within the egg shell.

4- The embryo can retract showing a clear and irregular out line.

ii) When death occurs after maturation is completed, eggs are classified as

recently dead with disintegrating miracidium, roughly-granulated egg, and

calcified egg with retracted miracidium. Calcified eggs are highly refractive

and often have glassy appearance.

b- Shells: The egg shells may result either from the hatching of miracidium

or from the elimination or absorbtion of the egg content.

c- Parasitic nodules: Are rounded fibrotic structures containing eggs and /or

shells.

c3) Miracidium:

Excreted eggs hatch after they have come into contact with a suitable

aquatic environment, temperature (10-30 ºC) and low osmotic pressures. The

miracidium becomes active and emerges through the egg shell by its own

activity and osmotic effect (Allison et al., 1974). Miracidia swim actively

and they remain infective to their snail intermediate host which is B.

alexandrina for 8-12 hours.

Although B. alexandrina was far known to be the only species acting

as intermediate host of S. mansoni in Egypt, Fouad et al. (1996) reported the

infestation of irrigation and drainage systems at Giza, Qalyoubiya and Kafr

el Shiekh governorates with B. glabrata (the snail host of S. mansoni in the

new world). These snails were collected from natural water courses in Egypt

proved to be susceptible to a local strain of S. mansoni. The same authers

reported that the periodic total cercarial production was higher in B.

glabrata than in B. alexandrina.
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When penetration is completed, ciliated surface of the larva

disappears and within few days development of a mother sporocyst takes

place. On day 8th it appears to have grown into non-motile convoluted tube

coiled into globular shape. Germ balls develop into daughter sporocysts

which break out of the snail and cercariae are produced (Webbe, 1982).

c4) Cercariae: (Fig.1)

Cercariae are non-feeding organisms swim to the surface of the water

and slowly sink toward the bottom, continuing to live in this way for 1 to 3

days if they come into contact with skin of the final host (human). They

adhere to the skin of the difinitive host by means of both its muscular

suckers and the mucoid secreations of the postacetabular glands which leads

to depolmerization and softening of the dermis and then facilitates its

penetration (Purnell 1966 and Bogitsh &Cheng 1998).

They require only half an hour or less to penetrate completely the

epidermis with aid of powerful proteolytic secretions of the cephalic gland

that degrade the keratinized layer, and by aid of the anterior spines (Schmidit

& Roberts, 2000).

The entry of schistosome cercariae into the skin of the mammalian

host has been described as having three phases: attachment, creeping over

the surface of the skin to locate a site of entry and penetration into the

epidermis. In S. mansoni, attachment to the host is reported to be stimulated

in response to L-arginine. It is one of the acetabular gland secretions of

cercariae that serve as an intraspecific signal guiding other cercariae to the

penetration site. The early penetrating cercariae prepar the way for others
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following in their wake. After penetration the skin they lose their tails to

form schistosomula (Igram et al., 2003).

c5) Schistosomule:

The name schistosomule was used by Faust and Meleny (1924) for the

schistosome larva in the host skin, to distinguish it from the penetrating

cercaria and from the young worm in which it will develop.

Clegg (1965) defined the schistosomular state by 4 characters:

Loss of tail, complete evacuation of acetabular glands (as the spaces

occupied by acetabular glands were clear), loss of the precise cercarial

surface (flaccid, less definite shape) and ingestion of culture fluid (by

peristalsis down oesophagus into gut sacs), accordingly the auther stated that

schistosomules would grow and develop in culture, but cercariae would not.

Ross et al. (2002) defined the schistosomula as worm-like in

appearance and lacking the cercarial glycocalyx, being adapted to the serum

and saline but unable to survive in water for even a brief period with shed a

surface glycolx that protects the organisms from osmotic shock. This

biochemistry alternation in the surface allows schistosomula to escape the

host’s immune system following a stay of one to two days in the

subcutaneous tissues.

Migration of schistosomules:

Stirewalt et al. (1967) stated that the cercariae cut off their tails in

succession to penetration and in the course of 24-48 hours, penetrate down

the cutaneous capillary beds, and enter the peripheral lymphatics or venous

circulation. They are carried to the right heart and lungs, where they

accumulate by the 2nd and 3rd days. The route of migration was studied by
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Wilks (1967). He examined the organs between lungs and liver of mice after

infection with S. mansoni cercariae and began to kill mice on the 5th day

post-infection. The lungs contained schistosomules until the 23rd day, and

the peak was between 7th and 10th day, the pleural cavites contained them

between the 6th and 28th day post inection.

Lawson and Wilson (1980) found that, the migrating schistosomulum

was in a semiquiescent metabolic state, although it possessed the ability to

take nutrients and undergo morphological changes. It was suggested that

growth was initiated 10 days after infection in the most advanced

schistosomulum.

Recovery of schistosomula:

Two techniques were used to recover migrating schistosomula from

the lungs of S. mansoni infected rodents:

a) Re-incubation of the lung fragments for a further 2 hours after the initial

3 hours incubation period was found to enhance the yield of living

schistosomula (Perez et al., 1975).

b) Perfusion of the lungs prior to their removal, maceration and incubation

in medium (James and Taylor., 1976).

Mangold & Knopf (1978) used Earle’s salt solution. Their results

were better than Perez et al. (1975); who used Hankr’s balanced salt solution

since great numbers of schistosomules were recovered.

c) Step gradients of polyvinyle pyrolidine-coated colloidal silica particles

were used to isolate and purify early developmental stages of S. mansoni

(cercariae, skin stage and 5-days old schistosomula). Five days-old
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schistosomula were effectively purified from contaminating lung tissue

(Lazidin et al., 1982).

From the previously mentioned data, it has been cleared that the life

cycle of Schistosoma is complex one involving alternating parasitic and

free-living stages: the egg, miracidium, first stage (mother) sporocyst,

second stage (daughter) sporocyst, cercaria, schistosomulum and adult

schistosome (Webbe, 1982).

Worm couples of the species S. mansoni inhibit the pericolonic

venules within the portal venous system and feed on blood. It has been

estimated that the average life span of S. mansoni worm is 3.5 years

(Goddard & Jordan, 1980). Parija (2004) reported that although adult can

survive for 20 years, they live only for 5-6 years in man. There is a

confirmed report of viable S. mansoni eggs being discovered 37 years after

a subject had left the endemic area (Chabasse et al., 1985).

An adult S. mansoni female worm produces 100-300 eggs per day

and S. haematobium produces 20-300 eggs per adult female per day

(Sturrock, 1993). It is assumed that approximately 50% of the eggs pass

through the colon, the walls of the bladder or the genitourinary apparatus

and are excreted by faeces or urine. The remaining 50% of eggs are trapped

within the tissues of these organs (Davis, 1996).
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Pathogenesis of schistosomiasis

The majority of patients in endemic areas are commonly

asymptomatic or mildly symptomatic with intestinal schistosomiasis

(Strickland & Abdel-Wahab, 1991). Only 5-10% of infected individuals

develop sever clinical symptoms, usually associated with heavy infestation

(Richter, 2003).

1-Cercarial Dermatitis (Swimmer’s itch):

All human strain may cause cercarial dermatitis (Davis, 1996).

Cercariae of non human schistosomes cause sever intensely pruritic

dermatitis in the reinfected host (Baird & Wear, 1987).

Symptoms of schistosomiasis include dermatitis due to penetration of

the skin by the cercariea (Fukuyama et al., 1983). Infected individuals

exposed to S. mansoni cercariae experience itching within an hour of water

contact. It is caused by allergic response to the foregin protein released by

the cercariae (Mahmoud, 1996). It is often symptomless, but a

maculopapular eruption may arise at the site of penetration if the patient’s

immune system has been sensetized by earlier experiences of cercarial

penetration. In migrant or tourists who become infected, skin reaction may

develop within few hours after penetration (Zuidema 1981; Doherty et al.,

1996 and Ross et al., 2002).

2- Acute Schistosomiasis Syndrome:

This syndrome may be seen in a small proportion of infected

individuals and sometimes called Katayama fever which is common in

infection with S. japonicum, and less common with S. mansoni (Peters &
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Pasvol, 2002). It consists of fever, edema, pruritus, nausea, vomiting,

lymphadenopathy, diarrhea/dysentry, abdominal pain, malaise/general

fatigue, gastrointestinal bleeding, seizures, myelopathy, cough with or

without hemoptysis, palpitation, dyspnea and weight loss. High deposition

of ova leads to high antigenaemia which provoke circulating immune

complex. The condition can be fatal if not treated earlier (Parija, 2004).

Schistosomular pneumonitis has been reported in up to 70% of the

infected persons (Ross et al., 2002). It occurs during migration of the

schistosomula in the lungs. It is associated with cough, fever, may be

haemoptysis and high eosinipholia, which may reach 50% of total leucocytic

count (Brown & Neva, 1994).

During acute illness, there is a measurable level of tumour necrosis

factor (TNF-α) in the plasma, and peripheral-blood mononuclear cells 

(PBMNCs) produce large quantities of TNF- α, interleukin-1 (IL-1) and Il-6 

(Dejesus, 2002). This cytokine production produced after stimulation with

parasite antigen reflects a dominant Th1 rather than Th2. In the progression

of the disease, the developing egg-antigen induced Th2 response down

regulates the production and effector functions of these proinflammatory

mediators (Montenegro et al., 2006).

3- Chronic Schistosomiasis Syndrome:

Chronic schistosomiasis is classified into: mild intestinal,

hepatointestinal, and severe hepatosplenic form of the disease. Patients with

mild intestinal form constitute > 90% of the infected population. They

usually carry a light worm burden and may be asymptomatic or have
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abdominal pain, transient diarrhea and bloody stools (Andrade & Van Mark,

1984).

Intestinal schistosomiasis caused by retention of eggs in the gut wall

and formation of granuloma in the intestinal wall induce focal enteritis,

inflammation, hyperplasia, ulceration, microabsecess formation, polyposis

and scarring fibrosis (Bia & Barry, 1986 and Ross et al., 2002). Abdominal

pain and mucosal diarrhoea with dysenteric form accompained by the

passage of eggs along with bloody stool are the most common clinical

symptoms (Warren 1973, Secor et al., 1996 and Parija, 2004). Intestinal

schistosomiasis also may be seen in infections by S. intercalatum, S.

mekongi and S. malayensi with milder clinical symptoms (Davis, 1996).

Less than 10% of the intestinal persons develop hepatosplenic disease,

which is manifested by hepatosplenomegaly, portal vein obstruction, portal

hypertention, ascites and oesophageal varices which ruptures and causes

repeated episodes of haematemsis. A marked enlargement of the spleen may

reach the level of the umbilicus and even at times expand to fill most of the

abdomen (Warren, 1984 and Decock, 1986).

4- Egg Associated Pathology:

The eggs initially deposited by adult female worms in the host tissues

induce no reaction until the eggs embryonates, with full maturation of the

miracidium, on the 6th day that it begins to induce granulomatous reaction

(Smithers & Terry, 1976).

As a result of egg deposition, many of the eggs trapped in the liver,

lungs and the intestine tissue became areas of intense granulomatous

reactions often referred to as Schistosoma granulomas Warren, (1987) and
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Abou-El-Nour et al. (2005). This granuloma is a protective immunologic

mechanism against schistosome eggs (Colley, 1981). Schistosome eggs emit

other substances in the form of inert, toxic and non-antigenic insoluble

destructive materials which is more destructive than the antigenic secretions

(Dunne & Doenhoff, 1983). These secretions are known as soluble egg

antigens (SEA) which play a major role in the elicitation of granulomatous

hypersensitivity around the egg (Dunne & Kamel, 1981). Also, the

granuloma may be initiated by antigens secreted by the miracidium through

the microscopic pores within the rigid egg shell (Boros, 1989).

The SEA stimulates endothelial cell proliferation in vitro. This

endothelial cell proliferation in vivo may lead to neovascularization of the

periportal fibrotic tissue which appear to maintain total hepatic blood flow

and normal hepatic function (Freedman & Ottesen, 1988).

The evolutionary role of the egg granuloma in the host-parasite

relationship is not yet well defined. Some evidence indicates that the lesion

may protect the host, either by shielding tissue against toxic egg products, or

by interfering with the migration patterns of secondary infection (Doenhoff

et al., 1986).

In advanced cases, portosystemic shunting allows ova to emobilize in

the lungs and other organs (Cosnett & Van Dellen, 1986). Schistosoma eggs

also directly invade ectopic sites such as brain tissue and cause the onset of

cerebral schistosomiasis. Infected areas of the brain become dilated because

of obestruction of arteries by eggs in the brain causing changes in the

functions. Individuals experience seizures, among other central nervous

symptoms as headache and nausea (Fiore et al., 2002 and Hayashi, 2003).
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Histopathological Effects of Schistosomiasis on Liver:

Hepatic fibrosis is a constant finding in chronic S. mansoni infection.

It may present with either periportal fibrosis (PF) or isolated granuloma (IG)

within the liver. The fibrosis induces morphological, functional and

haemodynamic changes (Tapalaga et al., 1986). It is responsible for lesions

that can alter the hemodynamic of the portal venous circulation, lung arterial

and venous system (Delgado et al., 2002 and Silva et al., 2004).

Formation of the granuloma started with the egg deposition in the

central veins or blood sinusoids. The host`s immune system cannot

completely eliminate the parasite but the body reduces the damage by

walling off the parasite behind a capsoule of inflammatory cells. The

metabolites continuously secreted by the alive miracidium attraced the T-

lymphocytes around the deposited egg and initiated the accumulation of

other inflammatory cells as eosinophils, neutrophils and macrophages, As

the egg was trapped in the center and the granulomatous reaction was

partially formed, the immunity process started (Rashed et al., 1997).

Said (2005) noticed many histopathological changes in liver of mice

infected with S. mansoni. These changes included development of cellular

granulomas, cloudy swelling in hepaticytes and hepatic degeneration

associated with focal areas of hepatic necrosis. Hyperplasia and

pigmentation of kupffer cells were also detected.

The cloudy swelling in hepatocytes caused due to persistent sinusoidal

congesion that leads to stasis of blood and consequently to hypoxia. The

later raise in the hydrostatic pressure which in turn results in entry of fluid

into the liver cells (Kumar et al., 2005).
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Morbidity and Mortality:

Infection with S. mansoni causes severe morbidity and mortality in

several regions of the developing world, but in most persons the infection is

relatively begins as an asymptomatic or dysenteric form. In contrast some

persons develop a severe hepatosplenic schistosomiasis (Secor et al., 1996).

Helmy et al. (2005) stated that progressive hepatic fibrosis was

associated with a significant morbidity and mortality due to granulomatous

hypersensitivity to parasite eggs.

Morbidity of schistosomiasis correlates well with the worm burden as

calculated by fecal and urinary egg counts. The disease significantly disrupts

the nutritional status and growth from middle childhood to adolescence.

Prevalence of infection in endemic communities demonstrates a negative

binomial distribution, with most infected individuals having low worm

burdens and only a small percentage with heavy infestation (Vennervald et

al., 2003). The authers also reported that mortality is related to complication

of fibro-occlusive disease secondary to the immune of schistosome eggs and

end organ damage.

Factors Affecting Morbidity of Schistosomiasis:

Field studies in endemic areas, combined with animal experiments,

have led to the view that host genetics, infection intensity, in utero

sensetization of schistosome antigen and co-infection status all influence the

development of immature response and so, disease severity (joshi et al.,

2008).
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1- Genetics

Different forms of the disease seem to be correlated to variable

susceptibility of the host to the parasite which could depends on the host's

genetic formation (Cabello et al., 1991).

Several studies have been carried out to uncover possible association

between the clinical forms of schistosomiasis and the human leukocyte

antigen (HLA) (Hafez et al., 1991and Dausset & Svejgaraad, 1997).

Vennervald et al. (2003) reported a genetic link between (HLA) and

occurence of end-stage liver disease in S. japonicum and S. mansoni

infection. Dessein, (2007) found that severe hepatic fibrosis as identified by

ultrasound was more likely to occur in certain families.

2- Sex:

Both sexes are equally susceptible. Because of different local and

cultural work and social practices, either sex may be more exposed to

infection (Olds et al., 1996).

3- Age:

People of all ages are susceptible. Surveys in endemic areas have

demonstrated that severity and prevalence of infection takes several years to

peak in children and that both decrease with age. Most manifestations of the

disease occured in the second decade of life with a relation to peak egg

output (Olds et al., 1996).
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4-Role of auto-immunity:

Sabry (1994) suggested a possible auto-immune mechanism, which

would terminate in a picture of focal necrosis. Awadalla et al. (1994)

reported that auto-immune mechanism can share with a significant role in

the pathogenesis of hepatic fibrosis and can act as an index of activity and

grading of schistosoma hepatic fibrosis when estimated quantitatively.

5- Malnutrition:

Capron and Camus (1978) reported that malnutrition associated

diseases might play an imprtant role in the susceptibility in schistosome

infection. Fibrosis developing in animals put on a protein deficint diet was

accentuated (Sabry, 1994).

6- Role of mixed hepatitis and schistosomiasis:

As schistosomiasis patients have evidence of immunosuppression

(Ellner et al., 1980), they may be vulnerable to liver injury with chronic

hepatitis B virus infection (Bassily et al., 1979). The prevalence of hepatitis

B virus antigenaemia in Egypt was found to be higher in S. mansoni

infected patients (Ata et al., 1977 and El-Raziky et al., 1979). The study of

Khalil et al., (1994) showed that all bilharzial patients have a statistically

high significant difference in the percentage of positivity of HBS Ag than the

control group.

In cases with decompensated liver disease coexistent hepatitis B or

hepatitis C often is present (Pereiro et al., 1995 and Davis, 1996). Liver

failure occurs if only other infections or toxic causes of hepatitis are present

(Parja, 2004).
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7- Repeated infections:

El-Badrawy et al. (1991) proved experimentally that repetition of

infection with S. mansoni increased liver fibrosis. They added that the

increase in intensity of infection led to significant tendency of the liver for

fibrosis and sublethal degenerative changes.

Antigenicity in Schistosomiasis

Studying the antigenic structure of the different stages of

schistosomes is important for better understanding of the

immunopathogensis and immunoprotection. In schistosomiasis, rapid

development of recombinant DNA technology has aided the studies on

identification and purification of the Schistosoma proteins cloning and

characterization of genes that encode Schistosoma proteins have been

successfully achieved in various studies. The genes have been shown to

encode female-specific proteins (Chen et al., 1992), structural proteins

(Richter et al., 1993), tegumental protein antigens (Abath et al., 1994), egg

shell proteins (Saber at al., 1999), various enzymes (Katerina et al., 2002)

and other antigens (Akram et al., 2002).

With recent advances in recombinant DNA methods, Zliang et al.

(2000) reported that it is now possible to identify Schistosoma genes that

encoded antigens of insert and evaluate its diagnostic potential. Once an

antigen has been demonstrated to have diagnostic potentials, the epitopes

important for diagnosis can be identified and synthesized and eventually

used to facilitate diagnosis.
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Principally, four main groups of schistosomal antigens have been detected:

1) Adult worm antigens:-

Many antigens were shown to be shared with schistosomular and adult

worm antigens. These might appear on the surface or present as components

of the parenchyma or muscles and might be discharged into the host's body

fluids as metabolic products of the worm (Dissous et al., 1987).

The internal antigens include structural proteins as Sm 22, Sm 25,

paramyosin and tetraspanin that can be found within the muscles (Braschi &

Wilson, 2006) and antigens with enzymatic activity as glutathione S.

transferase GST and triose phosphate isomerase which behave as proteolytic

enzymes (Don et al., 2008).

Dissous (1984) concluded that the immunologic response to

schistosomular surface antigens appears as a possible marker for

schistosomal infection, and there was no direct correlation between the

amount of antigen isolated and the age of the patients, the antibody response

to schistosomula peacked in the 11-20 years old age group and then

decreased in the older age group.

Ferru et al. (1997) analyzed the immune response in three distinct

mouse strains by using the multiple antigen peptide (MAP). This study

demonstrated that this antigen induced T and B cell response including

production of potentially protective interferon gamma (IFN-γ) irrespective to 

the major histocompatibility complex (MHC) background.
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The shedding of antigens from surface of Schistosoma developmental

stages is a method for evasion of specific antibody defence mechanism (Cox

& Wakelin, 1998).

Schistosomes can also acquire a surface layer of the host antigen, so

the host can not distinguish them from self antigen (Maizels & Bundy 1993

and Loukas et al., 2001).

2) Circulating Antigens:-

During their life cycle, schistosomes secrete or otherwise excrete a

number of immunogenic molecules (Warren, 1993). Example of these

molecules, are adult worm haemoglobinases which proved to be highly

immunogenic (Ruppel et al., 1989). Degradation of haemoglobin by these

haemoglobinases was shown to be essential for the metabolism of

schistosomes and it had been hypothesized to be mediated by certain

proteases. Schistosomal infected mice treated by protease inhibitor, showed

a significant reduction in worm burden, number of eggs produced per female

worm and hepatomegaly (Wasilewski et al., 1996).

3) Egg Antigens:-

These were first reported by Boros and Warren (1970) they found that

these antigens were present in the fluid remaining after miracidial hatching

and in the supernatant fluid obtained by ultra centrifugation of the viable S.

mansoni eggs homogenized in saline as soluble egg antigens (SEA). These

SEA are mainly proteins, glycoproteins and lipid component (Pelly et al.,

1976). The same authers have been identified three major serological S.

mansoni egg antigens called (MSA1, MSA2, and MSA3 respectively).
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Hirsh et al. (1997) and Zheng et al. (2008) described the

characterization of two S. mansoni egg antigens of molecular weight (MW)

44.7 and 56.8 KDa, which were recognized by human monoclonal

antibodies, these two antigens induced protection against challenge infection

(i.e. vaccination of mice with these antigens induced 43% reduction in worm

burden) and proliferation of peripheral blood mononuclear cells from

schistosomiasis patient.

Meyer et al. (2007) and Reis et al. (2007) found that SEA components

in homogenates of Schistosoma eggs were mainly proteins, glycoproteins

and lipids and they play a major role in the elicitation of pronounced CD+ T-

helper cell response, so play a major role in the pathology.

4) Cercarial and Schistosomular Antigens:-

The surface membranes of cercariae and newly transformed

schistosomula have been considered as the major targets of protective host

mechanisms responsible for resistance to challenge infection by

schistosomes. Young schistosomula are susceptible to wide variety of

cytotoxicity mechanisms involving specific antibodies and effector cells

(Capron et al., 1982).

Using attenuated irradiated cercarial vaccine, both cell mediated and

humoral immune mechanisms can be seen to develop and contribute to

protection in given model systems ranging from rodents to non-human

primates, and by manipulation of these two arms of immunity, the

optimization of resistance to level above 80% is feasible (Coulson & Wilson

1997).
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Protective Immunity Against Schistosomiasis:

The immune interactions between schistosomes and their hosts are

very complex, many potential host effector mechanisms have to be identified

non specific immune response may be important in schistosomiasis

(Smithers & Doenhoff, 1982 and Forrester & Pearce, 2006).

Stirewalt (1966) concluded that the degree of susceptibility of a host

to Schistosoma infection is dependent on several factors which include

effectiveness of skin barrier, percentage of penetrating cercariae, worm

burden, the degree of maturity of worms, distribution of adult schistosomes

in tissue and the malnutrition associated diseases.

I - Innate Immunity:

Innate or natural immunity refers to any inborn resistance that is

present the first time a pathogen encountered; it does not need prior

exposure to the pathogen. The components of innate system are

characterized by being continuously expressed through out life so they do

not vary during an individual life time (Parslow & Bainton, 1997).

The innate immune system plays a vital role in the initiation and

regulation of immune responses, including adaptive immune responses.

Specialized cells of the innate immune system evolved to recognize and bind

to common molecular patterns found only in microorganisms (Osman,

2008).
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Mechanism of Innate Immunity in Schistosomiasis

1- Skin Barrier:

Human skin appears to be a critical site in which the initial events in

host and parasite interaction occur and where the immune response is

commenced. Clegg and Smithers (1970) found that the first defensive barrier

of the host to schistosome infection is the skin, they attributed the death of

the cercaria during skin penetration to exhaustion of some reservoir material,

and another possibility is that a toxic substance may be present in the

epidermis. Mahmoud (1996) reported that during the first 30 hours after

exposure, an extensive infiltration of neutrophils and lymphocytes occurs

which by day 2 is augmented by influx of eosinophils. The infiltrating cells

kill the penetration cercariae.

Mc Kerrow et al. (1991) proved that cercarial penetration through the

basement membrane and the intercellular ground substance of the skin is

achieved by a combination of muscular activity of the larva and the release

of a variety of lytic enzymes at the site of skin contact.

2- Cercarial Factors in Natural Immunity:

After penetration of the skin the cercaria may be faced by the second

line of defense which is cercaricidal factor present in normal serum of

certain animals that kills cercariae without formation of membrane or

precipitates and cause resistance or low susceptibility to infection with

Schistosoma (James et al. 1983).
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3- Cellular Mechanism:

There is another mechanism for defense which is cellular mechanism

by which the abnormal hosts prevent the migration and schistosomiasis

development. It is non specific inflammatory response and not cell mediated

response (Lichtenberg et al., 1962). Garken et al. (1990) demonstrated an

evidence for the participation of mast cells in the innate resistance of mice to

S. mansoni.

4- Effect of Suscptible Animal's Sex:

In S. mansoni infection a higher prevelance rate was demonstrated in

males of both mice and hamster than females (El-Hawy et al., 1990).

However, Olds et al. (1996) reported that both sexes are equally susceptible,

depending on different local and cultural work and social practices.

II- Concomitant immunity:

Concomitant immunity is a situation in which the host is resistant to

reinfection but can not at the same time ride itself of established parasitic

infection (Bradly & Callough, 1973).

In schistosomiasis it is explained by stage specificity, the adult worms

from the initial infection stimulate an effector mechanism which kill

invading schistosomula but fail to recognize the adult stages (Smithers &

Terry, 1976), so they represent the major source of antigenic stimuli. They

are totally unaffected by the cytotoxic response that it elicit, and

schistosomlua, which rapidly loose their susceptibility to immune attack,
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appear during reinfection to be the privileged target of effector pathway, a

phenomenon known as concomitant immunity (Dessein et al., 1981).

The involvement of various immunologic components in concomitant

immunity in infected mice is suggested by several observations, mice

genetically deficient in macrophage function show poor level of immunity

despite normal granuloma formation in the liver (James & Cheever, 1985).

The explanation of this phenomenon is that the protective immunity is

directed against different life cycle stage (schistosmulum) than that which

induces (adult worm) (Paul, 1993).

III- Acquired Immunity:

The immune response normally includes both humoral immunity and

cell-mediated immunity. The immune system is constantly creating new

cells and molecules, and eliminating those that are too old or not being of

great use. Metadynamics is the name given to this continous production,

recruitment and death of immune cells and molecules (Osman, 2008).

Invasion and development of schistosomes are associated with distinct

immunopathological phases which are mediated by humoral and cell

mediated immune response (Hussein et al., 2005).

IIIa- Humoral Immune Responses:

The involvement of antibodies in protective immunity was

demonstrated early by passive transferring resistance to naïve mice using

serum of vaccinated mice (Perlowagora & Szumlewicz, 1964). The

protective capacity is restricted to sera obtained from vaccinated mice
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(Mangold & Dean, 1986) and they are equally effective by administration

intravenous, intraperitoneal or subcutaneous injection (Delgado & Mclaren,

1990). This serum may be administered one hour before (McClaren &

Smithers, 1988) or several days after challenge, depending on whether the

skin or lung stage (Richter et al., 1993).

The successful transfer of resistance prompted further analysis of the

humoral immune response in vaccinated mice. Parasite-specific antibodies

are detected as early as two weeks post vaccination and their level peak at

weeks 5-6, then gradually decline (Bickle et al., 1983). They are still

detectable 15 weeks after vaccination (Richter et al., 1995).

Antibodies titers are enhanced after challenge infection with naïve

cercariae (Lewis et al., 1987) or by repeated vaccination with irradiated

cercariae (Richter et al., 1993).

High titers of IgA antibodies against SEA and soluble worm antigens

protein (SWAP) have been reported in bilharzial patients who were not

reinfected after therapeutic cure using praziquantel. Study by Poulain-

Godefroy et al. (1996) demonstrated that IgA antibody might participate in

the protective immune response against schistosomiasis and that IgA

antibodies towards schistosome increased after egg deposition.

Abd El-Aal et al. (2005) reported that S.mansoni infected animals

developed significant IgG and IgA antibody responses, which increasesd

after egg deposition. These results suggest a relationship between egg

depositon and the induction of the IgA antibody response towards

schistosomiasis.
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Ross et al. (2000) reported that immunity to reinfection was more

closly related to the IgE/IgG4 balance than to absolute level of each isotope.

Also, Murray (2005) reported that antibodies play an essential role in

various effector or regulatory mechanisms according to their isotypes. IgG

antibody is imprtant to antiparasitic immunity as an opsonin and by

activating complement on the surface of the parasite.

IIIb-Cellular immune responses:

In general, the effect of antibody and complement alone, without

added cells, is weak, requiring very high concentrations of both components.

Furthermore, cytotoxic T lymphocytes are ineffective in killing

schistosomula. In contrast, the schistosomulum is highly susceptible to

killing by a range of antibody dependent cell mediated cytotoxicity reactions

(ADCC), and also by activated macrophages. Effective ADCC reactions are

mediated by macrophages, platelets, eosinophils and possibly neutrophils

(Butterworth, 1993).
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• Role of Lymphocytes in Immunology of Schistosomiasis

Cell mediated immunity (CMI) is mediated by T lymphocytes.

Athymic mice fail to develop resistance following exposure to irradiated

cercariae, indicating that T cells are essential for induction of protective

immunity in this model (Phillips et al., 1991). Proliferative responses of

lymphocytes to schistosomal antigen peak during the first two weeks after

vaccination, waning after the fourth week (James et al., 1981).

Mature lymphocytes can be divided on the basis of expression of

CD4 or CD8 membrane glycoprotein antigens on their surface into CD4+ or

CD 8+ T cells (Stites et al., 1987).

• CD4 helper cells (Th):

They assist antigenic activation of B cells and initiate the function of

killer T cells (Philip and epstein, 1986). CD4 T cells (T helper lymphocytes)

can be subdivided into distinct sub populations Th1 and Th2 based on their

functional capabilities and the profile of cytokines they produce (Mosmann

& Coffman, 1989).

• CD8 T-suppressor cells (Ts):

They act as inhibitors for antibody production as well as cell

mediated immunity and play an imprtant role in the immune response

regulation as it can block the induction and activity of Th cells (Smith &

Clegg 1985).
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In general, immunity in schistosomiasis appears to be dependent on

CD4 and not CD8 T lymphocytes (Mc CLaren, 1989 and Vignali et al.,

1989). In human and mice, the cellular response to infection with the

parasite S. mansoni was considered predominantly type 2 hypersensitivity

(Araujo et al., 1996). Type 1 hypersensitivity response occurred early in

infection; those responses were superadded later by type 2 response (Pearce

& Sher, 1991). In infected mice prior to egg lying a generalized type 1

hypersensitivity response dominate and was associated with an expansion

in the frequency of Th1 and type I CD 8 + cells after the onset of egg laying

there was a dramatic reduction in CD4 cells and expansion in the frequency

of IL-4 producing Th2 cells (i.e. type 2 cytokine environment) (Fallon et al.,

1998 and Anderson et al., 2007).

Abdel Rahman et al. (1993) reported that there was no significant

alternation in CMI in early non complicated schistosomal infection of

Egyptian patient, but with the advance of the disease and development of

granuloma in hepatosplenic patients, there was a significant reduction in

pan T lymphocytes, CD4 cells as well as CD4/CD8 ratio in comparison to

healthy controls.

T-cell subsets have distinct effects on the induction of immunity,as

demonstrated by depletion studies. Depletion of CD4+ T cells decreases the

level of resistance. In fact resistance to challenge falls below that observed

in athymic mice, if mice one depleted of CD4+ T cell before vaccination

(Phillips et al., 1991). In contrast, depletion of CD8+ T cells reduces

morbidity and enhances resistance to a level higher than that observed in

non depleted control mice (Vignali et al., 1989 and Phillips et al., 1991).
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Cytokines produced by Th1 cells predominate in one vaccinated mice and

dissipate in multiple vaccinated mice with a concurrent increase in

cytokines produced by Th2 cells (Richter et al., 1993).

Th1 and Th2 cells can be distinguished from each other by their

cytokine production (Mosmann & Coffman, 1989). Th1 cells produce

interleukin (IL-2), Interferon-γ (IFN-γ) and tumour necrosis factor (TNF-α) 

and are important in the induction of cell-mediated immunity. Th2 cells, on

the other hand, produce IL-4, IL-5, IL-6, IL-10 and IL-13 which are

important in the stimulation of humoral response and also in

immunoregulation (Willson et al., 1994).

T lymphocytes and immunoregulatory cytokines may be important in

the host response to S. mansoni granuloma formation and fibrosis. Chronic

parasite egg-induced granuloma formation can lead to fibrosis, which is

immunologically characterized by the dominant Th2 response (Helmy et

al., 2005). Also, El-Kady et al. (2005) stated that S. mansoni infection is

characterized by a strong T-helper type 2 (Th2)-cell associated immune

response.

It is worth mentioning that a cross regulation exists between Th1 and

Th2 cells, which determines the outcome of the immune response, the Th1

product, IFN-γ, downregulates Th2 responses where as the Th2 products,    

IL-10 and to a lesser extent IL-4, downregulate Th1 responses (Cox &

Wakelin, 1998).
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• Role of Cytokines in Immunology of Schistosomiasis

Interleukin-2 (IL-2):

It is a key factor in generation of granulomatous inflammation of

schistosome infection (Kerishina, 1991). Cheever et al. (1992) were able to

demonstrate that in vivo treatment of infected mice with anti-IL-2 antibodies

significantly diminished the size of circumoval granuloma in the liver,

resulting in a decrease of hepatic fibrosis to half that occuring in untreated

mice.

• Interleukin-4 (IL-4) and Interleukin-5 (IL-5):

Interleukin-4 and IL-5 are important for the generation, expansion and

maintenance of Schistosoma egg granuloma (Henderson et al., 1992). In

vivo treatment of egg injected mice with anti-IL-4 antibodies dramatically

diminished the size of egg granuloma in the lungs (Wynn et al., 1993).

• Interleukin-10 (IL-10):

It is pleiotropic cytokine acting on a variety of immune cells. IL-10

was first characterized as a cytokine synthesis inhibitory factor (CSIF) able

to inhibit cytokine synthesis by Th1 clones activated in the presence of

antigen presenting cells. However, in the absence of monocytes, IL-10

directly inhibits the growth of T cells triggered by immobilized anti-CD3

monoclonal antibody. This proliferation inhibition was found to be a result

of specific inhibition of IL-2 production by the responding T-cells. In vitro,

IL-10 is a very powerful inhibitor of monokines (including TNF-α, IL-1, IL-

6 and IL-8) produced by LPS-activated monocytes and Macrophages.
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In addition to IL-10 results in limited cell proliferation of B

lymphocytes but most importantly, in very high immunoglobulin production,

a result of the transformation of B cells into plasma cells. Finally, natural

killer (NK) cells appear to be another target for anti-inflammatory

properities of IL-10 (Thomson & Lotze 2003).

The regulation of egg-antigen induced T-cell proliferation in these

individuals for whom T-cell proliferation is positively correlated with

disease severity seems to be under control of IL-10 (King et al., 2006).

According to Fiorentino et al. (1991), Il-10 was found to play a major

role in downregulation of granuloma formation as well as cell mediated

responses to Schistosoma infection. It reduces granuloma formation when

administered in vivo and controls the growth and differentiation of a wide

variety of immune cells and regulates immune responses by several

mechanisms. It suppresses the accessory cell activity of both machrophages

and dendritic cells by inhibiting production of pro-inflammatory mediators

like IFN-γ, TNF-α, IL-2, IL-3, IL-6 and IL-12 (Royer et al., 2001). IL-10 

can affect T cell effector function by inhibiting T cell cytokine production

and proliferation (Hesse et al., 2004).

Sadler et al. (2003) stated that worm infection of mice increased the

frequency of IL-10 producing B cells compared with that in uninfected

mice. They also stated that immunomodulatory mechanism induced by S.

mansoni worms was dependent on an IL-10 producing B cell population,

which could protect against allergic hypersensitivity. Mangan et al. (2004)

proved that it regulates not only the intensty of hepatic inflammation, but

also granuloma organization and cohesiveness. Araujio et al. (2004)
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recorded that IL-10 is a crucial agent in down-modulation of immune

responses and immunopathology that defines the transition from acute to

chronic disease.

Hess et al. (2004) indicated that IL-10 reduces immunopathology in

many persistent infections. They also showed that IL-10 is generated by

both the innate and adaptive immune response following infection with

both sources regulating the development of type-2 immunity, immune

mediated pathology, and survival of the infected host. Importantly, most of

the CD4 + T cell-produced IL-10 which was confined to a subset of T cells

expressing CD25.

In 2004, Magalhaes et al. and Dejesus et al. evaluated the cytokines

associated with early events of hepatic fibrosis in schistosomiasis. Hepatic

fibrosis was classified by ultrasonography in 94 patients. Immunological

evaluation was performed by measurement of secreted cytokines (IL-5, IL-

10, IL-13, IFN-γ, TNF-α and transforming growth factors-beta) in

peripheral blood mononuclear cells (PBMC) stimulated by S. mansoni

antigens. Significantly higher levels of IL-5, IL-10 and IL-13 were found in

supernatents of SEA-stimulated PBMC from subjects with degree III

hepatic fibrosis as compared to patients with degree I or II fibrosis and

significant increases in IL-5 and IL-13 levels were also observed in some of

the subjects who remained untreated for one year following initial

assessment and developed more serious fibrosis during this period. These

data sugestes the role of type 2 cytokines in early stages of hepatic fibrosis

in human schistosomiasis (Alves et al., 2006).
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IL-10 is known to has an important action on the control of the T

helper cell (Th) type 1 responses during human S. mansoni infection,

shifting the immune response from Th0 in egg-negative individuals from an

endemic area to a Th2 polarization in chronic infected individuals (Silveira

et al., 2004). As well as it was indicated that increased TNF-alpha

producing production relative to that of IL-10 is associated with developing

bladder-wall morbidity with S. mansoni (Wamachi et al., 2004).

Abath et al. (2006) observed that studies in mice indicated that

schistosome egg-induced granuloma formation and hepatic fibrosis depend

on cytokine regulation, with IL-10 which has central role. There is no clear

consensus about the pattern of cytokine production and regulation that

cause a minority of chronically exposed patients to develop severe

hepatosplenic disease, which is characterized by periportal fibrosis and

portal hypertention. Hepatosplenic disease and the progression of hepatic

fibrosis are associated with production of profibrotic type 2 cytokines in the

early stages of infection with S. mansoni.

• Interleukin-12(IL-12):

It is produced by T cells and macrophages. It is a potent regulator of

cell mediated immnue response through controlling both production of

TNF-α and differentiation of Th1 cells (Wynn et al., 1998). It plays a role in 

preventing granulomatous reaction, hence decreasing worm burden and

increasing resistance to infection (Abdel-Aaty et al., 1999). Bungiro et al.

(1999) reported that a vaccine consisting of Il-12, alum and adult worm

antigens is capable of protecting rats from cercarial challenge.
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• Tumour Necrosis Factor – alpha (TNF-α): 

Tumor necrosis factor-alpha (TNF-α) is a pleiotropic inflammatory 

cytokine. It was first isolated by Carswell et al., in 1975 in an attempt to

identify tumor necrosis factors responsible for necrosis of the sarcoma.

Most organs of the body appear to be affected by TNF- α, and the cytokine 

serves a variety of functions, it possesses both growth stimulating

properties and growth inhibitory processes and appears to have self-

regulating properties as well (Murray et al., 1997).

Tracey and Cerami (1995) suggest two beneficial functions of TNF-

α which have lead to its continued expression first, the low levels of the 

cytokine may aid in maintaining homeostasis by regulating the body’ s

circulating rhythm. Furthermore, low levels of it promote the remodeling or

replacement of injured and senescent tissue by stimulating fibroblat growth.

Also, it acts as a key mediary in the local inflammatory immune response.

According to Dejesus et al. (2002) thirty-one patients with acute

schistosomiasis were evaluated clinically and immunologically. Cytokine

levels were determined in peripheral blood mononuclear cell (PBMC)

supernatents. Levels of total and antigen-specific IgE, tumour necrosis

factor alpha were measured. All patients had liver damage, pulmonary

involvement, pericarditis and eosinophilia. Serum TNF-alpha levels were

evaluated in 87% of the patients and were associated with abdominal pain.

Davies et al. (2004) noticed that CD4 (+) T cell responses and

macrophage activation are essential components of schistosome egg-

induced granuloma formation. They implicated tumour necrosis factor

EG1200354



46

(TNF) as a potential mediator of macrophage recruitment and activation

during schistosome infection. They were demonstrated that signalling by

TNF and its receptors can influence granuloma formation, but is ultimately

dispensalbe for granuloma formation in this system. They added that the

activity of TNF is independent of TNF receptors (TNFR1 and TNFR2) and

it also plays an unexpected role in maintaining adult schistosome viability

in the portal system.

• Role of Eosinophils:

The prominence of eosinophils in both the periphreal blood of

helminth-infected host and in the tissues responses to these parasites

suggested that eosinophiles might play a role in the host defense

mechanism against worm infections. This hypothesis was supported by a

pioneer observation of Butterworth et al. (1975), that schistosomula of S.

mansoni can be killed in vitro by a combination of antibodies from infected

patients and eosinophils.

Eosinophils were proved to be involved in delayed type

hypersensitivity (DTH) reactions (Rand et al., 1983) and to be able to kill

helminthes directly or through their degranulation releasing granule

proteins (Gleich et al., 1993). These granules were shown to be stimulated

by the production of IL-5 in combination with granulocyte-macrophage

colony stimulating factor (GM-CSF) a mixture secreted by lymphocytes

and known as eosinophil stimulation promoter (ESP). Also, the major

involvement of eosinophils in anti-SEA cellular response closely correlated

with participation of Th2 lymphoid cells that produce significant amount of

IL-5 (Secor et al., 1990).
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Antibody dependent cell mediated cytotoxicity (ADCC) by

eosinophils against schistosome larvae can be enhanced by a variety of

mediators such as mast cells produced chemotactic factors and cytokines

such as tumour necrosis factor (TNF), colony stimulating factor (CSF) and

interleukins-5 (IL-5) (Mazza et al., 1991).

• Role of Basophils and Mast Cells:

Following schistosomal infection, basophils increase in number in

the blood and tissues. Basophils might be a major source of IL-4 at early

stages of T helper 2 cell response suggesting that they promote the

developmet of Th2 lymphocytes (Pennock & Grencis, 2006).

Mast cells share many characteristics with basophils including the

cell surface expression of the high affinity Fc receptors for IgE, the release

of mediator upon activation and IL-4 production (De Souza et al, 2007).

• Role of Macrophages:

Macrophages are important in mediating bothe non-specific and

specific immunity, their infitration and phagocytic activities during the

inflammatory reaction constitute the first line of defence against invasion

by T lymphocyte-released soluble factors upon interaction with specific

antigens, activated macrophages can secret many cytotoxic mediators

which are responsible for parasite death via diffusion into schistosomulum

through the surface tegument (Pearce & James, 1986 and Anthony et al.,

2007).
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Macrophage-mediated killing appears to operate through two distinct

mechanisms. One of them is specific and involves anti-parasite IgE, and

more particularly IgE antibodies in the form of immune complex (Dessaint

& Capron, 1989). The other mechanism is non-specific and anti-body-

independent and is mediated by macrophages that have been activated by

IFN- γ released from Th1 cells (Ellner & Mahmoud, 1979). So, it was 

accepted to be macrophage activating factor (Philip & Epstein, 1986).

James et al. (1987) demonstrated that mice with defects in

macrophage function, failed to develop significant vaccine-induced

resistance either following exposure to irradiated cercariae or immunization

by killed larvae plus BCG adjuvant. This failure of response correlated with

genetic predisposition of the mice towards an impaired production of IL-12

and up regulation of Th2 cytokines (IL-4 and IL-10) that down regulated the

cytotoxic potential of IFN treated macrophages (Oswald et al., 1998).

Macrophages produce tumour necrosis factor (TNF) which

synergises with nitric oxide (NO) in damaging of target cells (Cox &

Wakelin, 1998). Coulson et al. (1998) demonstrated that although NO from

activated macrophage can mediate cytotoxic killing of newly transformed

schistosomula in vitro. However, once migrating schistosomula enter the

blood stream, they will be protected against the cytotoxic action of NO.

Some studies showed that macrophages from granulomas of

Schistosoma eggs contribute to host resistance to helminth infections

through secretion of chitinase and chitinase-like proteins that target the

glycan chitin frequently expressed by helminthes but not by mammals (Nair

et al., 2006).
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Vaccination against Schistosomiasis

Medical workers have long helped the body’s immune system prepare

for future attacks through vaccination. Vaccines consists of killed or

modified microbes, components of microbes, or microbial DNA that trick

the body into thinking an infection has occurred. In immunized person, the

immune system attackes the harmless vaccine and prepares for subsequent

invasions. Vaccines remaine one of the best way to prevent infectious

diseases and have an excellent safety record (Lombard et al., 2007).

The rationale for vaccination as a route to control schistosomiasis has

been well debated in recent years (Vanderwerf & Davlas 2003). Eventhough

schistosomicidal agents and other control measures, including public

hygiene and snail control exist the development of an efficacious vaccine

still remains the most potentially powerful method for control of

schistosomiasis (Siddiqui et al., 2005). A need for this vaccine control has

become a medical priority in many endemic countries, reinforced by the

recent emergence of schistosome strains resistant to chemotherapy

(Boulanger et al., 1999). Vaccine induces partial resistance and/or affects

fecundity and egg viability, which would be of value in controlling infection

intensity and hence disease severity (Capron, 1998).

Although no vaccine against human schistosomiasis is yet available,

several developments over the past two decades, some achievements has

been developed in the area of experimental vaccination, first was the

demonstration of a strong and specific immunity against various

Schistosoma species in mice, rats, rhesus monkeys and baboons following

immunization with heavily irradiated cercariae or schistosomula (Santos et
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al., 1999). The second development was the demonstration of protection

following immunization with crude or purified antigenic extracts of various

life cycle stages (Wynn & Hoffmann 2000). The third and most important

development has been the application of technique in modern molecular

biology to the identification, cloning and expression in E. coli or in yeast of

genes encoding Schistosoma antigens that might be use in a vaccine (Saber

et al., 1997).

Nabih and Maghraby (2003) stated that an acceptable vaccine against

schistosomiasis should be defined and stimulate protective immunity

without leading to immunopathological or immunosuppressive

consequences. It is believed that a successful vaccine should stimulate

different aspects of immune system including specific T cells as well as

antibody isotopes (Wilson et al., 1999).

• Vaccine Targets:

Several forms of vaccines targets against schistosomiasis have been

reported:-

1-Anti-infection Vaccine:

The anti-infection approach can be defined as induction of parasite-

eleminating immune response that acts against penetrating cercariae, lung-

stage schistosomules, pre-adult or fully mature male and female worms

(Bergquist, 1990). This type would target protective immune responses

against these stages to reduce their number before they were able to mature

into egg-laying adult worms (Taylor, 1994 and Vercruysse & Claerebout

2003).
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Immune attack against a developing or mature schistosome could be

mediated through: damage to the tegument or to the syncytial gut lining,

neutralization of schistosomular penetration, interference of orientation and

migration, interference with digestion and interference with the repair of

molecules including enzymes (Kassim et., 1992).

Knopf et al. (1984) demonstrated many different ways which are

capable of inducing a protective immune response either live or killed 4-

week stage worms:

 Immunity induced by live-attenuated schistosomes:

Resistance to reinfection can be induced by exposure to normal

cercariae and the subsequent development of an adult egg laying infection,

or by exposure to radiation attenuated cercariae or larval stage where they

die at some point during their migratory pathway before maturity is reached

(Smithers & Miller, 1980).

 Immunity induced by non-living preparations:

In this type of vaccination crude preparations of killed parasites or

parasite fractions as tegumental membranes surved a useful purpose in the

identification of candidate immunogens (Pearce et al., 1988 and Moser et al.,

1991).

2) Anti-Fecundity Vaccine:

This would work to prevent adult parasite from producing eggs

(Smithers & Doenhoff, 1982). The anti-fecundity immunity can be ascribed

to an antibody-mediated unpairing of male and female worms rather than

antibody mediated effects on oviposition. IgA antibodies have been
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identified as one of the factors affecting egg laying and viability (Capron et

al., 1994).

3) Anti-pathology Vaccine:

Most attempts at immunological attack on the schistosome had

centered a vaccine to prevent infection, but egg deposition is the primary

stimulus of pathology in humans and female reproductive cycle and egg-

granuloma formation are important targets for immunization strategies (Sher

et al., 1992). Anti pathology vaccination was aimed not at the parasite but at

the host. It would redirect the host immune response such that it would fail

to stimulate production of the harmful fibrous lesions leading to disease

(Vercruysse & Claerebout 2003).

Immunoglobulins are known to be capable of entering the egg through

pores in the shell. If intra ovular antibody initiates destruction of embryo or

inhibits its maturation, the production of immunopathologic antigens would

be inhibited. Blocking of pores by antigen-antibody complexes may kill eggs

through accumulation of metabolites (Von Lichtenberg et al., 1973 and

Hirata et al., 1986).

The egg granuloma is a complex and constantly immunologic entity,

which is largely controlled by CD4+ T cells (Mathew & Boros, 1986). The

deposition of egg by adult worm pairs provides the major stimulus for

induction of Th2 type immune response (Grzych et al., 1991), and the Th2

related cytokines IL-4 and IL-5 inhibits hepatic pathology and eosinophilia

respectively (Cheever et al., 1994).
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It has been observed that divertion of the anti-egg immune response

away from Th2 reactivity and toward more Th1 like activity would result in

the abrogation of the disease developing this vaccine model which favors

induction of Th1 type immunity, partially inhibits granuloma formation and

dramatically reduce the tissue fibrosis (Wynn et al., 1995).

• Vaccine candidates:

Dunne et al. (1995) suggested that an acceptable defined vaccine

against schistosomiasis should activate cells for antigen presentation and

generate high levels of B and T memory cells, include several epitopes to

overcome variations in host reactivity or parasite diversity, use antigens that

persist after adminstration to ensure maximum levels of stimulation of the

immune response, be chemically defined and stimulate protective immunity

without leading to immuno-pathological or immuno-suppressive

consequence. WHO also suggested that the requirement for candidate

Schistosoma vaccine is a 40% or more reduced worm burden after challenge

(Bergquist, 1995).

 Anti-oxidant enzyme vaccine:

Anti-oxidant enzyme vaccine candidates which offers an advance over

existing vaccine strategies that all seem to target the larval developmental

stages in that they target adult worms and thus may have theraputic as well

as prophylactic value ( LoVerede et al.,2004).

 Molecular vaccines:

Nowaday, most vaccine research programs are designed to identify

the minimal subset of antigens and their epitopes that could form the basis of
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a defined antigen molecular vaccine. Advances in molecular biology have

led to identification and characterization of an array of protective

schistosome antigens, interestingly all of such antigens are situated on the

tegument, however, their exposure on the parasite surface, in most instances

is transient and non-essential (Sher et al., 1989 and Bergquist, 1990).

Since the immunopathology of schistosomiasis plays a key role in

chronic infection, thus any vaccine approach must not sensitize for

granulomatous hypersensitivity on subsequent exposure to schistosomes and

a molecular vaccine approach provides a way of ensuring that

immunopathologic antigens are not included.

The following molecular vaccines have been tried:

 Purified surface antigens:

Vaccination with surface antigen with MW of 155.000 Kda and

53.000 gave similar partial protection against challenge in some mice (Smith

& Clegg, 1985).

Tetraspanin (TSP) is an integral membrane protein eleciting protective

immunity when was used to vaccinate mice. Its recombinant form seems to

be an effective vaccine antigen against S. mansoni (Tran et al., 2006).

• Triose phosphate isomerase (TPI):

It is a potential vaccine with glycolytic enzyme activity. In vivo

studies showed that it is potent inducer of IL-2 and IFN-gamma from Th1

cells (Reynolds et al., 1994).
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• Recombinant form of S. mansoni antigen (rSm 14):

This antigen (Sm 14) is a fatty acid binding protein molecule with

three dimentional structure consisting of barrel-shaped structure with 10

parallel strands joined by short loops (Tendler et al., 1996).

• Sm / Sj23 antigen:

The schistosome integral membrane protein Sm/Sj23 was initially

shown to induce protection in mice as a synthetic peptide vaccine and

further, as a plasmid DNA vaccine to induce protection in mice, sheep and

water buffalo (Zhu et al., 2004).

• Recombinant Sm-26 and Sm-28 GST antigen:

These antigens are adult surface antigens with Glutathion S-

transferase enzyme-like activity. They have definite antigenic properties in

man and are now being exploited as vaccine candidates (Wu et al., 2004 and

Preyavichyapugdee et al., 2008).

Much work has been done in laboratory animals and cattles with the

28 GST as a candidate vaccine antigen. Immunization with it reduces both

worm burden and female worm fecundity (Capron et al., 1994). It is derived

from S. bovis and when it was injected into goats, the mean worm burden

was significantly reduced by 48% so its capacity to prevent growth

impairment made it a possible valuable tool in the development of vaccine-

based control programsin endemic areas (Boulanger et al., 1994).
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• Native paramyosin –vaccine:

It is a myofibrils protein which was first discovered by Pearce et al.

(1988). It was first identified as a structural component of invertebrate

muscle. Analysis of crude, native, adult schistosome worm preparations

identified a highly immunogenic protein which was later identified as

paramyosin. Early vaccination/challenge studies with native paramyosin

produced encouraging levels of protective efficacy against schistosomes,

which led to the question as to how a sub-tegumental (muscular) protein

could provide a target for vaccine-mediated immunological attack. Immuno-

localisation studies of schistosomes confirmed the presence of paramyosin

with the post-acetabular glands of cercariae and on the tegumental surface of

lung schistosomula (Gobert & Mc Manus, 2005 and Dvorak et al., 2008).

Aposin-1 (SPO-1) implicated in immune evasion. It is hypothesized to be an

anti-inflammatory protein secreted by cercaria during skin invasion (Aslam

et al, 2008). Chen et al. (2000) reported 25-35% reduction in worm load in

pigs previously vaccinated by recombinant paramyosin antigen.
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Radiation Induced Vaccines

The potency of radiation induced vaccines affected by the mode of

used radiation:

• UV-radiation

Moloney et al. (1987) found that single immunization of fisher rats

with 100 UV- attenuated S. japonicum cercariae induced 52-88% resistance.

Dean and Mangold (1993) studied the infection of mice vaccinated

with irradiated attenuated cercariae of S. mansoni and S. haematobium

which had exposed for 3 minutes to UV- light (wave length 254, intensity

110 mw/cm2), homologous infection induced 50-60 % protection was

observed with heterologous challenge.

Mohamed (1998) studied the ultrastructural changes of S. mansoni

worms developed from ultraviolet irradiated cercariae. The tegumen of S.

mansoni worms showed a variety of changes. Edema and damage of the

tubercles had occurred on the dorsal surface of some males. Parts of some

female tegument were devoid of soines and surface lesions were present.

Controlled exposure of cercariae to UV- radiadtion prior to

inuculation markedly reduces the number of developing worms in mice. The

challenge of mice vaccinated with UV- irradiated cercariae produced some

marked degree of protection against subsequent Schistosoma infection

(Robert & Vienira, 1978 and Sayed El-Ahl et al., 2000) induced elevation of

IFN-γ level (Zhu et al., 2005).
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• Cesium-137

Stek et al. (1984) stated that cesium-137, becoming a more readily

available ionizing gamma radiation source for laboratory use, was shown to

effectively attenuate S. mansoni cercariae for vaccine production. In parallel

comparison studies with the murine model, cesium-137 attenuated cercariae

consistently afforded better protection than did the cobalt-60 prepared

vaccine, dose response data indicate that the optimal total irradiation with

cesium-137 was between 45-50 Krad.

• X-Radiation

Vaccination against schestosomiasis with highly X-irradiation S.

mansoni cercariae was studied in mice. The optimum dose of X- radiation to

attenuated cercariae was found to be in range 24-48 Krad. The frequency of

the lesions caused by migrating schistosomula in the lung of the immunized

host depends on radiation dose. Cercariae exposed to 24 Krad resulted in a

comparable worm reduction. In general, immunization was strong in mice

vaccinated with the highly than with the low X- irradiated cercariae (Hsu et

al., 1981).

• Gamma-Radiation

A wide range of gamma-irradiation doses ranged from 2-100 Krad has

been used in the preparation of irradiated vaccines. In some studies, low

doses were clearly found to be more effective than higher doses. In others,

maximal resistance was obtained only with higher doses (Minard et al.,

2003).
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Villela et al. (1961) showed that mice exposed to cercariae of S.

mansoni which were irradiated from a cobalt-60 source appeared to be

strongly resistant to subsequent challenge with normal cercariae.

Ghandour and Webbe (1975) studied the effect of gamma radiation on

cercariae of S. mansoni. They reported that, gamma radiation (6000r)

inhibited the migration and maturation of S. mansoni schistosomula to the

adult stage. The studies were made on the rate of irradiated cercariae of S.

mansoni, during their migration as schistosomula in the definitive host, by

recovery of schistosomula from the skin and lungs and adult worms from the

liver of infected mice.

X-rays and gamma rays have similar electromagnetic radiation

properties, but gamma rays generally have considerably shorter wave

lengths, higher frequencies and higher energies than X-rays. Gamma rays

from different sources vary in their energies. Although cesium-137 has the

same energy of gamma radiation (0.7 Mev), more tissue injury has been

found to occur with cesium-137 radiotherapy (Smithers & Miller, 1980).

Coulson (1997) recorded that immunization of mice with gamma or

ultraviolet (UV) irradiated cercariae of S. mansoni lead to highly protection

up to 60-70%. The effect of the vaccine on challenge infection results in

lower adult worm burden and implication the number of pathological

reactions to eggs. El-Sabag (2004) reported that cercariae attenuated by

gamma radiation in a dose of 40 Krad reduced worm burden in mice by

94.4%.
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• Radiation-attenuated Schistosome Larval Vaccine:

Protective immunity to schistosomiasis mansoni has been achieved in

a number of laboratory hosts using irradiated attenuated cercarial vaccine

(Wilson & Coulson 1989). The use of ionizing radiation in the production of

irradiated vaccine against various parasitic give comparable levels of

protection as determined by survival of parasite in mice (Ruppel et al.,

1990).

Resistance to reinfection in all experimental animals can be induced

either by expousure to normal cercariae, or another interesting approach

which is radiation attenuated cercariae where the larval schistosomula die at

some point during their migratory pathway before maturation (Minard et al.,

1978 and Smithers & Miller, 1980).

The irradiated dose used to attenuate the cercariae has a profound

effect on their lymphostimulatory capacity, because it affects their migratory

pattern. Longer-lived 20 kilorad irradiated cercariae stimulate extensive

proliferation in draining lymph nodes, 50 kilorad irradiated cercariae induce

modest responses, and non-protective 80 kilorad irradiated parasites that fail

to leave the skin penetration site induce only a transient increase cell number

(Constant et al., 1990) therefor, optimally attenuated parasites deliver

themselves to site where antigenic processing in intense; and while

persisting there for a prolonged period, they release antigenic material, thus

priming lymphocytes required for successful vaccination.

The attenuation of S. mansoni cercariae by radiation can be done by

majority of sources. Some studies employed ultra violt irradiation (Ruppel et

al., 1990, Kamaiya et al., 1993, Dean et al., 1996, El Ridi et al., 1997 and

EG1200354



61

Makled et al., 1998), X-ray (Hsű et al., 1981) or cobalt-60 (Stek et al., 1981) 

and gamma irradiation (Soisson & Strand, 1993 and Yole et al., 1996).

• Mode of action of radiation attenuated-vaccine:

Although the mechanism of acquired resistance is through having an

immunological base, it is not understood how optimally attenuated parasites

elicit protective response. One possibility is that vaccination of mice with

irradiated cercariae produced antibody response to the several schistosomula

surface antigens (Dalton et al., 1987). Aitken et al. (1987) suggested that

vaccination with attenuated vaccine established populations of sensitized

cells in the lungs which trigger the mechanism of resistance when the

challenged schistosomulae migrate through the pulmonary capillary beds.

While, Mountford et al. (1988) suggested that the persistence of radiation

attenuated parasites in the skin and draining lymphocytes, together with the

prolonged release of antigens, are major factors in the induction of

resistance.

In mice vaccinated with radiation-attenuated cercariae of S. mansoni,

the developing schistosomula appear to be the target of immune response

either during migration through the skin (Ward & Mclaren, 1988), or the

lung (Menson & Wilson, 1989). The maximal levels of resistance occur only

when attenuated parasites persist in the host for a period of 1-2 weeks

(Bickle et al., 1992). Also, multiple exposures to attenuated S. mansoni

cercariae slightly increase the level of resistance to challenge infection

(Caulada et al., 1991).

Wales and Kusel (1992) reported that irradiation modifies the

expression of schistosomular antigens quantitively temporally. However,
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both biochemical and morphological observation have failed to demonstrate

difference between normal and irradiated parasites.

Mice that have been vaccinated by a single exposure to attenuated

cercariae have protective immunity which is IFN-γ dependant (Smithies et 

al., 1992). In addition, treatment with IL-12 a cytokine that stimulate

production of IFN-γ, Th1 and antibody responses, at the time of vaccination

enhances the level of protection against challenge infection (Mountford et

al., 1996).

Gamma irradiation of cercariae appears to have no effect on the

subsequent surface antigenicity of schistosomula, their ultra structure, or

their ability to stimulate the proliferation of human mononuclear cells. But

they cause constrictions which exerts a delayed effect on the neuromuscular

coordination of the parasite, without causing its death (Capron et al., 1992).

While Allen and Maizels (1996) added that the major difference between

irradiated and normal larvae is in its pattern of migration through the human

host. Optimally irradiated cercariae show constrictions of the body at

random points leading to retarded movement. So this altered movement

pattern that has been proposed as the key factor for the induction of

protection.

Coulson and Wilson (1997) suggested that by using irradiated

cercarial vaccine, both cell mediated and humoral immune mechanisms can

be seen to develop and contribute to protection in given model systems that

ranging form rodents to non-human primates, and by manipulation of these

two arms of immunity, the optimization of resistance to level above 80% is

feasible.
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In a previous study Coulson and Wilson (1998) stated that vaccinated

mice exhibit a profound delayed type hypersensitivity (DTH) reaction to

soluble schistosomal antigens in vivo, starting 10 days after exposure to

irradiated cercaria and peaking one week later. Decreased DTH reactivity

coincides with reduced level of resistance in athymic mice, P/N mice, or in

mice depleted of CD4+ or IL-2 receptor bearing cells.

Wales et al. (1993) and Mountford et al. (1995) suggested that

radiation induce a pronounced modification of the complex carbohydrate

network, which constitutes the glycocalyx, expressed at the surface of

cercariae and schistosomula. Radiolysis, therfore, seems to induce degrading

changes in carbohydrate polymers that could make antigenic determinants in

the glycocalyx itself more accessible to antibody binding, or may expose

epitopes normally hidden in the underlying membrane, as a result, new

antigenic determinants could be presented to helper T- lymphocytes, and

therefor stimulating potent protective immunity.

• Vaccination with Attenuated Cercariae:

The studies of Dean et al. (1981) have indicated that injection of mice

with irradiated cercariae or irradiated lung schistosomula induced significant

resistance to challenge infection with S. mansoni while irradiated 3 or 4

weeks old worms induced little or no resistance to challenge infection. It has

been known that irradiated cercariae or schistosomula induce significant

resistance in mice and rats. The comparison of schistosomula worm stages

as target of immune response, in mice vaccinated with irradiated cercariae,

indicated that the susceptibility of various stages to immune attach might

roughly parallel to their potency as inducers of immunity.
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Dean et al. (1984) examined the comparison of S. mansoni migration

pattern in normal and irradiated cercariae immunized mice. The results

indicated that most of the normal elimination of schistosomula in

unimmunized mice and the additional elimination in immunized mice occur

after arrival of schistosomula in the lungs and before their development into

adult worms, migration from the skin to the lungs is delayed for several days

in immunized mice and migration of schistosomula from the lungs to the

liver is also delayed in immunized mice. It is killed and cleared in the liver.

Obviously this type of immunity is not associated with the adult stage of the

parasite nor with egg induced pathology, but is induced by the radiation-

damaged schistosomula during curtailed migratory pathway so that the target

of the vaccine immunity is the schistosomula (McClaren et al., 1985).

It has been noted that 20 Krad gamma–irradiation attenuated parasites

undergo only the normal developmental changes associated with the lung –

stage of migration. No ultrastructural evidence was found to suggest why

schistosomula fail to migrate further and instead burst into the alveoli

(Mastin et al., 1985). While, optimally irradiating cercariae with 40 Krad of

gamma radiation, the larvae become attenuated and when injected into the

mice can induce up to 70% protection against a challenge with normal

parasite (Bergquist, 1995).

Both in vitro and vivo studies with irradiated cercariae had shown that

the target antigens are located on the surface membrane of young

schistosomula stage, which is formed as soon as the cercariae penetrate the

skin (Butterworth et al., 1992). While Hanna et al. (1995) reported that

vaccination with attenuated cercariae was associated with a state of immuno-

EG1200354



65

regulation with an inhibitory effect on cell mediated immunity resulting in

the formation of small fibro-cellular granulomas. Vaccination with radiation-

attenuated cercariae can alter the expression of granulomatous reactions to

the parasit`s eggs, diminish liver cell damage so can give good and strong

protection against challenge infection.

To identify candidate vaccine antigens relevant to the vaccine model,

Richter et al. (1993) examined parasite antigens recognized by antibodies

from mice vaccinated with irradiated cercariae of S. mansoni. They found

that the number of vaccination did not alter antibody specificity but modified

the relative antibody titers against particular antigens (Saber et al., 1997).

EL Gawish and Moawad (2003) revealed that vaccination of mice

with irradiated cercarial of S. mansoni alone or plus IL-12 results in a

significant level of protection against challenge infection as evidenced by

the presence of abnormal and often sterile adult worms besides the reduction

in worm burden and ova count which may explain the efficiency of

immunization against parasitic infection. Also, El-Sabag (2004) reported

that using irradiated cercariae as a vaccine was an effective and brings a

satisfactory reduction in the prevalence of the disease.

Zhu et al. (2005) reported that vaccination with ultraviolet-attenuated

cercariae induced protective immunity against challenge infection in

experimental animal models. They also found that attenuated cercariae

elicited predominantly a Th1 response in mice at early stage wherease

normal cercariae stimulated primarily Th2-dependent responses.
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• Vaccination with Attenuated Schistosomula:

Irradiated schistosomula may provide potent immunogens, presented

in disrupted and / or abnormal conformations, which are able to induce

protective immunity. Therefore, such an attenuation method may strike an

ideal balance, producing antigens that depart sufficiently from the normal

conformation to induce potent immunity (Wale & Kussel, 1992).

Single intramuscular injections of 500 S. mansoni schistosomula

exposed to radiation in the range 2.3-160 Krad, resulted in 20-50 %

protection of mice against S. mansoni challenge infection. Vaccination with

40 Krad irradiated schistosomula, resulted in reduced worm following lethal

challenge. However, percutaneously applied, gamma irradiated-

schistosomules were found to be more effective in stimulating resistance

(60%) than intramuscularly injected gamma-irradiated schistosomula (40%)

Bickle et al. (1979).

Cynomolgus monkeys were immunized intramuscularly for 7 days

with reconstituted cryopreserved schistosomula, which were attenuated with

50 Krad γ–radiation. The reduction of faecal egg load was 55-60% in the 

immunized group as compared with the control. The reductions in the tissue

egg burdens for the liver, lung and intestine were slightly greater than 60%.

These results demonstrated that highly irradiated schistosomula may be

successfully cryopreserved and effectively used as a field applicable vaccine

schistosomiasis (Stek et al., 1981).

Protection against S. mansoni cercarial challenge was evaluated by

Lewis et al. (1984) in mice immunized with a vaccine composed of 10-Krad
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irradiated, cryopreserved schistosomules. They found that the level of

resistance induced in NMRI mice increased with the number of

schistosomules injected up to 83% reduction in challenge in worm burden

was observed when 5000 schistosomules were injected per mouse. Intra

muscular route, multiple immunizations up to 3 at 4 weeks interval, did not

increase the resistance induced by a single immunization.

Immunization of baboons with 50 Krad gamma-irradiated

cryopreserved Puerto Rican strain schistosomula of S. mansoni resulted in a

55% reduction in worm burden (Damian et al., 1985). James et al. (1986)

vaccinated three groups of five baboons using three doses of 10,000 viable

cryopreserved schistosomula attenuated with 10, 20 or 60 Krad Co 60

irradiation. Animals were vaccinated at four-week interval, challenge after

six week with 2.000 cercariae and perfused at 10 weeks afer challenge. The

results from perfusion indicated reduction in worm burdens in the 10, 20 and

60 Krad vaccinated groups of 18 %, 23% and 20% respectively, and none of

which was statistically significant.

Attenuated schistosomula that reached to the lungs has an improtant

role in vaccination success, as they stimulate the recruitment of schistosome-

specific CD4+ t cells to the pulmonary parenchyma and airways (Aitken et

al., 1988).

Baboon developed high levels (> 80%) of protection against challenge

infection following immunization with S. haematobium cercariae irradiated

with 20 Krad. Baboons were immunized with schistosomula irradiated with

either 20 or 60 Krad, with variations in the timinig and number of larvae

comprising each vaccination. Those immunized 2or 3 times with
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schistosomula irradiated with 20 Krad were significantly more protected

(85-90%)against challenge infection than baboons similarly immunized with

larvae receiving 60 Krad giving 50% protection (Coulson & Mountfored,

1989).

Experiments were conducted in guinea-pigs to elucidate the

parameters affecting the development of protectve immunity against S.

japonicum induced by cryopreserved, irradiated schistosomula vaccine such

as the number of immunizations, route of injection and the use of adjuvants,

resulted in an average worm reduction of 65%, only a little lower than that

of non-cryopreserved, irradiated vaccine (Bickle & James, 1990).

Vaccination of mice with irradiated schistosomula or cercariae caused

a remarkable increase in lymphocytes proliferation response to S. mansoni

antigen (Mountford & Harrop, 1998).

The UV-irradiated and gamma-irradiated schistosomula of S.

mansoni induce high levels of resistance to challenge infection in

experimental hosts. It was observed that both types of irradiation severly

inhibited protein synthesis by the parasite larvea. Schistosomula were treated

with the metabolic inhibitor actinomycine to stimulate this effect of

irradiation. The ability of these drug-treated larvae to induce immunity was

tested in animal protection experiments. Inhibition of protein synthesis may

help to generate the enhanced immunogenicity of irradiated schistosomula.

Irradiated schistosomula may be such potent immunogens because they

express antigens in disrupted, abnormal conformations and inhibition of

protein synthesis may both directly create such modified antigens, and also
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ensure that they persist and accumulate for presentation to the host immune

system (Eveland et al., 2004).

Radiation-attenuated (RA) schistosomes penetrate the host via the

skin where they stimulate intense inflammatory reactions and the release of

pro-inflammatory IL-12, important for Th1 immune responses which are

partially host protective. However, RA larvae also induce the secretion of

regulatory IL-10 (Jenkins & Mountford 2005).

Protection against S. mansoni cercarial challenge was evaluated in

mice immunized with a vaccine composed of 10 Krad irradiated,

cryopreserved schistosomules. The level of resistance induced in C57B1/6

or NMRI mice increased with the number of schistosomules injected. Up to

83% reduction in challenge worm burden was achieved. The intramuscular

injection of the vaccine was superior to subcutaneous one. Multiple

immunization (up to 3 at 4-weeks intervals), did not increase the resistance

induced by a single immunization. A high level of protection developed in as

littles as 2 weeks and was maintained through at least 12 weeks post

immunization. The vaccine irradiated with 10 Krad from either a 60-cobalt

or 137-cesium source induced equivalent levels of resistance, and no

differences were found in the immunogenicity of vaccines composed of

organisms irradiated as cercariae or as 1 to 3 hours-old schistosomules.

These findings are basic to the development of a cryopreserved, live vaccine

against schistosomiasis of human or domestic animals (Reid et al., 2006).
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Material and Methods

Materials:

I- Experimental animals:

One hundred and fifty healthy laboratory-bred male Swiss albino

mice, 2-4 weeks aged and 20-25 gm weight were used during the

experiment. The mice were purchased from Ministry of Agriculture breeding

house. They were bred for the period of the experiment on standard diet with

free accessibility to water and maintained under convenentional conditions

at the animal house in the National Center for Radiation Research and

Technology (NCRRT), Cairo, Egypt. They were acclimatized to the

laboratory facility for a week prior to initiation of the experiment.

II- Parasite:

An Egyptian strain of S. mansoni cercariae was obtained from the

Schistosome Biological Supply Program (SBSP) at Theodor Bilharz

Research Institute (TBRI) Giza, Egypt. This strain has been passed through

outbreed golden hamsters and B. alexandrina, cared for maintenance at

SBSP/TBRI.

Schistosomules were obtained 14 days post-infection by perfusion

technique using citrated saline of hamster`s lung previously infected with

4000 cercariae according to Smithers & Terry (1969) and Mangold & Knoph

(1987).
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III- Attenuation of the Parasite:

S. mansoni schistosomules were attenuated by irradiation. This was

carried out at the (NCRRT) Cairo, Egypt using indian cobalt-60 gamma

chamber 4000 A irradiator. They were exposed to different doses of gamma

radiation 15 Krad at 0.7125/h, 20 Krad at 0.9125/h and 25 Krad at 1.125/h.

IV- Experimental groups:

The enrolled mice were categorized into 5 main groups (30/each):

Group A: Included 30 mice that were subgrouped as follow:

- Subgroup A1 (vaccinated/challenged): Included 15 mice each

was vaccinated by subcutaneous (S.C) injection with 500 schistosomules

attenuated with 15 Krad irradiation given in one minute in gamma cell

(Bickle et al., 1979). Each mouse was challenged after 4 weeks post

vaccination by S.C. injection under the loose skin of abdominal wall with

100 S. mansoni cercariae /mouse (Peters & Warren, 1969 and El-Fakahany

et al., 1995).

- Subgroup A2 (vaccinated/non challenged): Included 15 mice each

was vaccinated by S.C. injection with 500 schistosomules irradiated with 15

Krad and served as vaccinated control for this group.

Group B: Included 30 mice that were subgrouped as follow:

- Subgroup B1 (vaccinated/challenged): Included 15 mice. Each was

vaccinated by S.C. injection with 500 schistosomules irradiated with 20

Krad given in one and half minute in gamma cell. Each mouse was

challenged after 4 weeks by S.C. injection with 100 S. mansoni cercariae

/mouse.
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- Subgroup B2 (vaccinated/non challenged): Included 15 mice each

was vaccinated by S.C. injection with 500 schistosomules irradiated with 20

Krad and served as vaccinated control for this group.

Group C: Included 30 mice that were subgrouped as follow:

- Subgroup C1 (vaccinated/challenged): Included 15 mice. Each was

vaccinated by S.C injection with 500 schistosomules irradiated with 25 Krad

given in two minutes in gamma cell. Each mouse was challenged after 4

weeks by S.C. injection with 100 S. mansoni cercariae /mouse.

- Subgroup C2 (vaccinated/non challenged): Included 15 mice

vaccinated by S.C. injection with 500 schistosomules irradiated with 25

Krad and served as vaccinated control for this group.

Group D: Included 30 mice infected by S.C. injection with 100 S. mansoni

cercariae /mouse served as infected control.

Group E: Naive group formed of 30 non-infected mice.

Sacrifaction of all mice was done 8 weeks post challenge and

assessement of different subjected parameters (parasitological,

histopathological, biochemical and immunological).
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Methods:

Samples collection:

Mice were sacrificed by decapitation (no use of anaethetics to avoid

hepatic shift of the worms and cause paralysis of worm muscles thus

separating the couple). Just after sacrifaction, blood samples were

withdrawn through heart puncture and were collected in clean plastic

centrifuge tubes and left to coagulate at room temperature. Sera were

separated by centrifugation at 3000 rpm for 10 min and then stored in

Ependorff tubes at -20 ºC until used for biochemical and immunological

analysis.

Every mouse of the studied groups except the naïve one was

processed for assessment of the following:

I. Parasitological parameters:

(a) Determination of worm burden and % of reduction was done through

hepatic perfusion technique according to Pellegrino & Coelh (1978):

Mice were subsequently fixed to a somewhat inclined dissecting

board leading to a plastic pan in which the perfusate was collected. Skin

dissected and their bodies were washed with tap water to remove adherent

hairs. The abdominal muscles and peritoneal cavity were opened to expose

the internal organs. The cut was extended through the thorax to expose the

internal organs. Ribs were removed to avoid hindrance of hand movement.

The needle connected to the automatic pipetting machine was then inserted

through the inferior vena cava.
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The angle of the needle was changed in different directions to allow

proper washing. If the needle was in its proper direction, the liver was found

to blench and expand to about twice its normal size.

Worms coming out with the perfusate in the plastic pan were collected

and then transferred to conical flasks. Addition of more saline helps in

clearing the worms from the bloody perfusate and the following have been

done:

The collected worms whether males, females, couples and immature

were counted by direct visualization or under a microscope and the total

worm burden was recorded according to (Duvall & Dewitte, 1967 and

Wilson & Coulson, 1986).

Protection measurement was determined by counting the relative

worm burden of vaccinated/challenged (VC) and naïve/challenged (NC)

groups. The percentage protection (P) was calculated as follows:

P= (NC-VC)/NCx100

(b) Morphological examination of the recovered worms was done through (i)

staining of some worms by Acetocarmin staine and (ii) immediate

processing of some worms for scanninig electron microscope (SEM).

(i) Staining of the worms:

According to Gray (1954), S. mansoni worms delivered from the

naïve/challenged (NC) and vaccinated/challenged (VC) mice groups were

stained after fixation in 10% formalin and storage in 70% alcohol.

Acetocarmine stain was used to study any probable morphological changes

in the structure of the recovered S. mansoni worms.
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* Stock formula:

- Water 100cc. -Carmine 2 gm

- Potassium alum 6gm -Acetic acid 25 cc

* Preparation of stock solution:

The carmine and alum were boiled in water for one hour and then cooled.

The acid was added, left for ten days and then filtered.

Working solution:

99 parts water + 1part stock solution

Procedure for staining the worms:

1- The worms were taken from the preservative, washed well with distilled

water and immersed in the staining solution and left in the stain for at

least 24 hours till inner structure of the worms were stained. It was

noteworthy to refer that using dilute stain for longer time gave more

satisfactory result than using more concentrated stain.

2- The stained worms were washed well in distilled water (3 washes) to

remove excess stain.

3- Gradual dehydration of the worms was performed in ascending grades of

alcohol, 30 minutes in each concentration, starting by 50% then by 70%,

80%, 90% and finally by double change in absolute alcohol.

4- Clearing of the stained specimens was performed by using xylol for few

seconds only to avoid excess dryness of the worm.

5- Mounting was taken by Canada balsam.

6- The slides with the mounted worms were left to dry either inside hot air

drier, or on worm plate then examined.
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(ii) Scanning electron microscope (SEM) for the worm:

According to Bicker et al. (1983) and Fallon et al. (1996)

Preocedure steps:

Immediately after recovery, the worms were dried, fixed in 4%

gluteraldehyde and 0.2 M Na-Cocadylate (v/v). The ion sputtering technique

was used where the worms were coated with gold to provide good

conductivity for the specimen surface and to increase the number of

secondary electron emitted from the specimen surface.

The worms were examined by scanninig electron microscope of

JEOL-JSM-5400E for investigating the worm surface at high magnification

tend to X200000 and resolution is 4 nm., with energetic electron beam

(30keV) which causes emission of secondary electron from the worm

surface. The image of the worm surface is displayed a TV screen. This was

done at NCRRT, Cairo, Egypt.

(C) Tissue bounding ova pattern

a- Oogram Pattern (Pellegrino et al., 1962):

The oogram in a part of small intestine provides a simple criterion for

assessement the stages of ova maturation in experimental infection by S.

mansoni.

Materials:

Petri dishes-Forceps- Scissors- Saline- Filter paper -Microscope Microscopic

slides - Scissors -Cover slips (1cm x 1cm) - Counter

Procedure:

1- After liver perfusion was done the small intestine was separated and

transferred into a petridish containing saline. Five to ten centimeters of
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the middle part of the small intestine was opened length wise with a pair

of scissors and rainsed inside the Petridish.

2- Three parts of 1cm length were cut off, each part dried on a filter paper

and pressed between a slide and a cover slip.

3- Each part was examined microscopically. Different developmental stages

of egg were noticed and classified according to Pellegrino& Coehl,

(1978) and 100 eggs from each mouse examined were calculated.

b- Ova count per gram tissue (liver and intestine)

According to Cheever, (1968) and Kamel et al. (1978), one cm from

the left lobe of the liver tissue was taken from each mouse to find out the

number of eggs/gm tissue using KOH.

Materials:

• 5% KOH solution (5gm KOH in 100c.c distilled water)

• Saline Eppndorf micro-pipette

• Test tubes Counter

• Sensetive balance Counting slides

• Filter paper Incubator

Procedure:

Each piece of liver tissue was dried on filter paper, weighted then

placed separately in a volume of 5%KOH solution, 3-10 times the volume of

the tissue to be digested. They were incubated at 37°C for 24 hours until the

tissues were hydrolyzed. The digest was well shaken and three sample were

pipetted by Eppendorf pipette (100ul), placed on a counting slide to be

examined under the low power of the microscope and the average number of
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ova per gram tissue was calculated. The number of eggs per gram of liver

was calculated by multiplying the average number of counted sample by

total amount of KOH and divided by the weight of liver in gram. The

percentage of resistance was calculated according to (Wilson et al., 1986 and

Aitkin et al., 1988) equation.

The percentage of resistance = C-V X100
C

Where C= mean number of egg burden in unimmunized mice.

V= mean number of egg in immunized mice.

II. Histopathological parameters:

The liver of each mice in all groups were preserved in 10% buffered

formalin. Then, processed into paraffin blocks, serially cut at 4μm thickness 

and stained with Haematoxylin and Eosin (H&E) stain and Masson

trichrome (MT).

H & E staining procedure:

1. The paraffin section was dewaxed in xylene (3-5 minutes).

2. The sections were hydrated through descending series of alcohol (100%-

90%-70%-distilled water) 3 minutes /change

3. The sections were stained with Haematoxylin (1minute).

4. The slides were washed in tap water (5 minutes).

5. The counter stain with Eosin was added (5-10 minutes).

6. Then rinsed rapidly in 90% alcohol.

7. The sides were dehydrated in 95% alcohol (1-2 minutes), followed by

absolute alcohol, 2 changes, 2-3 min. each.

8. Clear in 2 changes of xylene.(2-3 minutes each).
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9. Mount in Canada balsam and cover.

Thus the nuclei take a blue color and the cytoplasm stains red.

* Sections stained with Haematoxylin and Eosin and examined for:

(i) Number of egg granulomas per low (10x10) power field. For each

specimen, five fields were examined and the mean number was calculated.

(ii) Diameter (D) of hepatic granuloma: For this purpose, granulomas with

single eggs in their centres and particulary the lesions with great diameter

were chosen. With an ocular micrometer, two perpendicular measurements

were done for each granuloma, using a 10X magnification, and choosing the

lesion greatest diameter. These values, obtained in terms of ocular units were

used for calculation of the mean granuloma diameter as follows:

Mean D in ocular units = sum of two D/2.

D in μm = mean D in ocular units x value of ocular unit in μm.  

(iii) Granuloma predominant cell type: Fifteen granuloma in each specimen

were examined to determine the predominant cell types whether

lymphocytes, macrophages, eosinophils or fibroblasts. Measurements were

done according to Von Lichtenberg (1962) and Drury & Wallington (1980)

using an ocular micrometer. The percent reduction in granuloma diameter

relative to the infected controls was calculated as follows:

% reduction = mean diameter of control-mean diameter of test X 100
mean diameter of control

Sections stained with Massons trichrom stain were used to classify the 

granulomas as cellular, fibrocellular or fibrous according to the amount of

collagens, stained bluish green, represented in the granulomas. For each

apecimen 10 granulomas were examined and the percentage of each type of

granuloma was determined.
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Collagen content was morphologically evaluated in 15 μm thick 

sections stained with Sirius red.

III. Biochemical Parameters:

Determination of Serum Aspartate Amino Transaminase (AST)

(Wroblewski et al., 1956 and Henry & Frankle 1960):

Principle:

Aspartate amino transaminase catalyses the reaction between alpha-

ketoglutaric acid and L-aspartate giving glutamate and oxaloacetate.

Oxaloacetate, in presence of malate dehydrogenase (MDH), reacts with

NADH giving malate and NAD. The rate of NADH consumption,

determined photometrically, is directly proportional to AST activity.

Reagent:

         - L- aspartate 200 mmol ⁄ l                  - Alpha- ketogltarate 12 mmol ⁄ l     

         - TRIS buffer 80 mmol ⁄ l                   - NADH 0.18 mmol ⁄ l  

         - MDH 600 U ⁄ l                                 - LDH 900 U ⁄ l 

Procedure:

Preparation of working solution:

1- Aspartate, ketoglutarate and buffer were dissolved in NDH, MDH and

LDH.

2- 100 µl of samples were mixed with 1000 µl of reagent and were left to

stand for 1 minute at 37 °C.

The extintion was measured per minutes during 3 minutes at wavelength

340nm (∆E / min). 

Calculation: ∆E/min x 1746 = U/l AST 
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Determination of Serum Alanine Amino Transaminases (ALT)

(Wroblewski et al., 1956 and Henry & Frankle 1960):

Principle:

Alanine amino transaminase catalyses reaction between alpha-

ketoglutaric acid and L- alanine, giving L-glutamic acid and pyruvic acid.

Pyruvic acid, in presence of lactate dehydrogenase (LDH), reacts with

NADH giving lactic acid and NAD. The rate of NADH consumption,

determined photometrically, is directly proportional to ALT activity.

Reagent:

- L-alanine 500mmol / l                        - alpha-ketoglutaric15mmol ⁄ l   

- TRIS buffer pH 7.5 100 mmol ⁄ l       - NADH 0.18 mmol ⁄ l   

- LDH 1200 U ⁄ l  

Procedure:

Preparation of working solution:

1- L- alanine, TRIS buffer pH 7.5 and LDH were dissolved in NDH and acid

alpha – ketoglutaric.

2- 100 µl of samples were mixed with 1000 µl of reagent and were left to

stand for 1 minute at 37 °C.

The extinction was measured per minutes during 3 minutes at wavelength

340nm (∆E / min). 

Calculation:

 ∆E / min x 1746 = U/l ALT 

Determunation of serum alkaline phosphatase (ALP): Scand (1974):

Principle:

Alkaline phosphatase catalyzes the hydrolysis, in alkaline medium, of

p-nitrophenil phosphate in p-nitrophenol and phosphate.The increase in
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absorbance at 405 nm is proprtional to the phosphatase concentration in the

sample.

Reagents:

Diethanolamine buffer pH 9.80 1 mol/L

Magnesium chloride 0.5 mmol/L

P-nitrophenil phosphate 10 mmol/L

Procedure:

1- Preparing working reagent Diethanolamine buffer pH 9.80 1 mol/L;

Magnesium chloride 0.5mmol/L was dissolved with nitrophenilphosphate 10

mmol/L.

2- 20 µl of the samples were mixed with 1000 µl of the working reagent.

3- The solution was left to stand for 1 minute at 37 °C, and the extinction

was measured every minute during 3 minutes at wavelength 405 nm.

Calculation:

∆E / min x 2750 = U/l alkaline phosphatase. 

Gamma-glutamyl Transferase (-GT) Szaz &Tietz, (1969) and Young,

(2001):

Principle:

Gamma-glutamyl transferase ( -GT) catalyses the transfer of -

glutamyl group from -glutamyl-p-nitroanilide to acceptor glycylglycine,

according to the following reaction:

-L-Glutamyl-3-carboxy-4-nitronilide + Glycylglycine → -L-Glutamyl

glycylycine+2-Nitro-5-aminobenzoic acid

Reagents:

Glycilglycine 50 mmol/l; tris buffer 185 mmol/l.
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L- gamma- glutamyl – 3- carboxy- 4- nitoanilide 2.9 mmol/l.

Preparation:

100 ul of samples were mixed with 1000 цl of working reagent this 

were left to stand for 1 minute at 37 °C and exitinction was measured per

minute during 3 minutes.

Calculation:

∆E/min x 1159=U/L of     -GT

IV. Immunological Parameters:

(i) Mouse Interleukin 10 (10-IL):

According to Mosmann, (1994), the BioSource Mouse Interleukin-10

(IL-10) Enzyme Linked-Immuno-Sorbent Assay (ELISA) was used for the

in vitro quantitative determination of mIL-10 in mouse serum, buffered

solution, or cell culture medium. The assay will recognize both natural and

recombinant mIL-10.

Principle:

The BioSource International, Inc mIL-10 Kit is a solid phase

sandwich ELISA. A monoclonal antibody specific for mIL-10 had been

coated onto the wells of the microtiter strips provided. Samples, including

standards of known mIL-10 content, control specimens, and unknowns, are

pipetted into these wells.

Materials:

1- mIL-10 Standard, recombinant mIL-10.

2- Standard Diluent Buffer. Contains 15mM sodium azide; 25mL per bottle.
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3- mIL-10 High and low controls recombinant Ms IL-10 in tissue culture

matrix, lyophilized.

4- mIL-10 antibody- coated Wells, 96 wells per plate.

5- mIL-10 Biotin conjugate, (Biotin-labeled anti-IL-10). Contains 15 mM

sodium azide; 11 mL per bottle.

6- Sterptavidin-Peroxidase (HRP), (100x) concentrate. Contains 3.3 mM

thymol; 0.125mL per vial.

7- Sterptavidin-Peroxidase (HRP) Diluent. Contains 3.3 mM thymol;

0.25mL per bottle.

8- Wash Buffer Concentrate (25x); 100mL per bottle.

9- Stabilized chromogen, tereamethylbenzidine (TMB); 25mL per bottle.

10- Stop Solution; 25 mL per bottle, Plate cover and adhesive strips.

Procedure:

1-100 μL of Standard Diluent Buffer were added to zero wells. Wells 

reserved for chromogen blank were left empty.

2- 100 μL of standards, samples or controls were added to the appropriate 

mocrotiter wells. The sides of plates were tapped gently to mix.

3- The plate was covered with plate cover and incubated for 1 hour at 37 ºC.

4- The solution was aspirated thoroughly from wells and the liquid

discarded. Wells were washed 4 times.

5- 100 μL of biotinylated anti- IL-10 (Biotin Congugate) solution were 

pipetted into each well except the chromogen blank(s). The side of the

plate was tapped gently to mix.

6- The plate was covered with plate cover and incubated for 1 hour at room

temperature.
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7- The solution was aspirated thoroughly from wells and the liquid was

discarded. Wells were washed 4 times.

8- 100 μL Strepavidin-HRP Working Solution were added to each well 

except the chromogen blank(s).

9- The plate was covered with the plate cover and incubated for 30 minutes

at room temperature.

10- The solution was aspirated thoroughly from wells and the liquid was

discarded. Wells were washed 4 times.

11- 100 μL of stabilized chromogem was added to each well. The liquid in 

the wells began to turn blue.

12- The plate was incubated for 30 minutes at room temperature and in the

dark.

13- 100 μL of stop solution were added to each well. The side of plate was 

tapped gently to mix. The solution in the wells changed from blue to

yellow.

14- The absorbance of the plate was read within 2 hours after the stop

solution was added at 450 nm.

15- The absorbance of the standards was plotted on graph paper against the

standard concentration. (Optimally, the background absorbance may be

sustracted from all datd points, including standards, unknowns and

controls, prior to plotting). The best smooth curve was drowen through

these points to construct the standard curve.

16- The mIL-10 concentrations was read for unknown samples and controls

from the standard curve plotted.
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(ii) Mouse Tumour Necrosis Factor-α (MsTNF-α): 

According to Roselaar (1998), the BioSource Mouse Tumour

Necrosis Factor-α (MsTNF-α) Enzyme Linked-Immuno-Sorbent Assay 

(ELISA) is to be used for the in vitro quantitative determination of MsTNF-

α in mouse serum, plasma,buffered solution, or cell culture medium.The 

assay will recognize both natural and recombinant MsTNF- α.  

Principle of the Assay:

The BioSource Ms TNF-α Kit is a solid phase sandwich ELISA. A 

polyclonal antibody specific for MsTNF-α has been coated onto the wells of 

the microtiter strips provided. Samples, including standards of known

MsTNF-α. Content, control specimens, and unknowns, are pipetted into 

these wells, followed by the addition of a biotinylated monoclonal second

antibody.

Materials:

MsTNF-α Standard, recombinant MsTNF-α refer to vial label for 

quantity and reconstitution volume.

Standard Dilution Buffer: Contains 15mM sodium azide; 25mL per bottle.

Incubation Buffer: Contains 15mM sodium azide; 12mL per bottle.

MsTNF- α high and low controls recombinant MsTNF-α lyophilized.  

Label for reconstitution volume and range.

 Ms TNF- α antibody-coated wells 96 wells per plate. 

Ms TNF-α Biotin Conjugate, (Biotin-labeled anti-TNF-α). Contains 15 mM 

sodium azide; 6 mL per bottle.

EG1200354



87

Sterptavidin-Peroxidase (HRP), 100x concentrate. Contains 3.3 mM thymol;

0.125mL per vial.

Sterptavidin-Peroxidase (HRP) diluent contains 3.3 mM thymol; 0.25mL per

bottle.

Wash Buffer Concentrate (25x); 100mL per bottle.

Stabilized Chromogen and Terea Methyl Benzidine (TMB) 25mL per bottle.

Stop Solution; 25 mL per bottle.

Plate Cover and adhesive strips.

Assay procedure:

1. For the standard curve, 100 μL of standards were added to the 

appropriate microtiter wells and 100 μL of standard diluent buffer to zero 

wells.

2. Wells that reserved for chromogen blank were left empty.Sera samples

required a 2-fold dilution in incubation buffer. For these samples 50 μL 

of incubation buffer were added to each well, followed by 50 μL of 

sample. The side of the plate was tapped to mix.

3. 100 μL of each buffered solution and each control were added to the 

appropriate microtiter wells.

4. 50 μL of biotinylated anti-TNF-α (Biotin Congugate) solution were 

pipetted into each well except the chromogen blank(s). The side of the

plate was tapped to mix.

5. The plate was covered with plate cover and incubated for 90 minutes at

room temperature.

6. The solution was aspirated thoroughly from wells and the liquid

discarded. Wells were washed 4 times.

EG1200354



88

7. 100 μL Strepavidin-HRP working solution were added to each well 

except the chromogen blank(s).

8. The plate was covered with the plate cover and was incubated for 30

minutes at room temperature.

9. The solution was aspirated from wells and the liquid was discarded. The

wells were washed 4 times.

10. 100 μL of stabilized chromogem were added to each well. Liquids in the 

wells bigan turning blue.

11. The plate was incubated for 30 minutes at room temperature and in the

dark. The incubation time for chromogen substrate is often determined by

the microtiter plate reader use.

12. 100 μL of stop solution were added to each well. The side of plate was 

tapped gently to mix. The solution in the wells changed from blue to

yellow.

13. The absorbance was read for each well at 450 nm having blanked the

plate reader against a chromogen blank composed of 100 μL each of 

stabilized chromogen and stop solution. The plate was read within 30

minutes after stop solution was added.

14. Against the standard concentration, (from all data points, including

standards, unknowns optimally, the background absorbance may be

sustracted and controls, prior to plotting). The best smooth curve was

drown through these points to construct the standard. On graph paper the

absorbance of the standards curve was plotted. The four parameter

alogorithim provides the best curve fit.

15. The MsTNF-α concentrations were read for unknown samples and 

controls from the standard curve plotted.
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Statistical analysis:

Results were expressed as mean±standard error of mean. Comparison

between groups was carried out using studentۥs t-test (Dowine and Heath,

1974). Probability values of P<0.05 was considered as significant.
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Results

The present work was designed to study the effect of vaccination on

eliciting the protective immunity in three groups (30 mice each) immunized

with irradiated schistosomules at different doses of γ-radiation  (15, 20 and 

25 Krad) from Cobalt source for parasitological, histopathological,

biochemical and immunological studies.

The represented groups A, B and C were subdivided into two

subgroups (15 mice), one of them was immunized and challenged and the

other one was immunized without challenge to study the biochemical and

immunological changes in both subgroups.

The same changes also were studied in group D infected with 100 S.

mansoni cercariae “infected control” and naïve none infected “normal

control group E”.

I. Parasitological Parameter Results:

(a) Effect of vaccination on worm burden:

The perfusion results obtained from the control infected group and the

three groups vaccinated with schistosomules attenuated with different doses

of γ-radiation (15, 20 and 25 Krad) on worm burden in mice challenged with 

S. mansoni cercariae are showen in table (2) graph (1).

The mean values±S.D. of male, female, couple worms for group A

(15 Krad) were (7.66± 3.15), (4.53±2.35) and (3.44±2.05) respectively while

in group B (20 Krad) were (2.93±1.18), (2.00±1.07) and (0.93±0.83)

respectively. Regarding the mean values±S.D. of male, female and couple

worms for group C (25 Krad) they were (5.40±3.55), (2.86±1.95) and
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(2.00±1.67) respectively. In group D (control group) the mean values±S.D.

of male, female and couple worms were (8.73 ±4.53), (11.40 ±3.46) and

(6.06±3.53).

The mean±S.D. of the total worms in the three studied groups A, B

and C were (14.20± 6.20), (6.40±3.22) and (10.0±8.54) respectively. While

in the control group C were (25.20±6.90)

A recorded difference in the worm burden in group (A) compared to

control group with the P value <0.05. While there was high significant

difference in group (B) compared to control group as the P< 0.001. On

comparing the total worm burden in group (C) to the control group (D), it

showed significant difference with the P<0.01.

The recorded percentage of reduction in the male worm burden were

(12.2%, 66.4% and 38.14%) in the three groups A, B and C respectively,

while the percentage of reduction in female worm burden were (60.2%,

82.4% and 47.9%) respectively. Also the percentage of reduction in couple

worm burden were (43.2%, 84.6%, 66.9%) respectively. The highest

reduction in male, female, couple and total worms were in group (B)

followed by group (C) and lowest percentage of reduction in group (A).

The data in this table also showed that in the control infected group

(D) there was no abnormal worms while in vaccinated groups A (15 Krad),

B (20 Krad) and C (25 Krad) the mean ± S.D. of abnormal worms were

(0.33 ± 0.35), (0.66 ± 0.95) and (0.53 ± 0.50) respectively.
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Table (2): Effect of vaccination with schistosomules attenuated with 15, 20

and 25 Krad of γ-radiation on worm burden in mice challenged with S.

mansoni cercariae.

Male Female Couple Abnormal Total

Group Mean±S.D.

% of reduction

Mean±S.D.

% of reduction

Mean±S.D.

% of reduction

Mean±S.D.

% of reduction

Mean±S.D.

% of reduction

Control

D

8.73±4.53

-

11.40±3.46

-

6.06±3.53

-

0

-

25.20±6.90

-

A 7.66±3.15

12.2 %

4.53±2.35

60.2 %

3.44±2.05

43.2 %

0.33±0.35

-

*

14.20±6.20

43.6 %

B 2.93±1.18

66.4 %

2.00±1.07

82.4 %

0.93±0.83

84.6 %

0.66±0.95

-

***

6.40±3.22

74 .6 %

C 5.40±3.55

38.14 %

2.86±1.95

47.9 %

2.00±1.67

66.9 %

0.53±0.50

-

**

10.0±8.54

60.3 %

* Significant difference from the infected group P<0.05.

** Significant difference from the infected group P<0.01.

*** Highly significant difference from the infected group P<0.001.
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Graph (1)
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(b) Morphological changes:

(i) Staining the worm

Fig (2): Anterior third of S. mansoni adult female worm recovered from

infected control mouse showing well developed ovary, uterus and intestine

with well developed vitelline glands. (x 51.2)
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Fig (3): Anterior third of normal adult S. mansoni male worm recovered

from infected control mouse showing well developed suckers, well

developed testes and normal tuberculation. (x 51.2)

Fig (4): Anterior part of adult S. mansoni male worm showing well

developed oral and ventral suckers. (x 51.2)
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Fig (5): S. mansoni female worm recovered from vaccinated mice showing

stuntedness moderately developed ovary, empty intestine and absence of

vitelline gland. (x51.2)

Fig (6): of S. mansoni male worm recovered from vaccinated mice showing

stuntedness, marked distruction of suckers, absence of testes and loss of

tuberculations. (x51.2)
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(II) Scanninig electrone microscope of S. mansoni

Fig (7): SEM of S. mansoni couple recovered from an infected control

mouse. (x50)

Fig (8): SEM of S. mansoni recovered from an infected control mouse

showing normal architecture of oral and ventral suckers. (x500)
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Fig (9): SEM of S. mansoni worm recovered from an infected control

mouse showing numerous hairy spines on its outer surface. (x750)
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Fig (10): SEM of S. msnsoni male recovered from 15 Krad vaccinated

mouse showing stuntedness, widening of gyneacophoric canal and

deformation in the suckers. (x75)

Fig (11): SEM of S. mansoni recovered from 15 Krad vaccinated mouse

showing surface tegumental disruption with loss in spines. (x350)
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Fig (12): SEM of S. mansoni recovered from 20 Krad vaccinated mouse

showing severe degree of surface tegumental disruption and marked loss in

spines accompanied with surface sloughing off. (x1,500)

Fig (13): SEM of S. mansoni male recovered from 20 Krad vaccinated

mouse showing severe degree of surface tegumental disruption with loss in

spines, deformation in the oral and ventral suckers and widening in the

gynaecophoric canal. (x150)
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Fig (14): SEM of S. mansoni worm recovered from 20 Krad vaccinated

mice showing marked stuntedness. (x75)

Fig (15): SEM of male recovered from 25 Krad vaccinated mouse showing

stuntedness, widening of the gyneacophoric canal and loss of spines. (x75)

EG1200354



102

Fig (16): SEM of S. mansoni worm recovered from 25 Krad vaccinated

mouse showing retracted oral sucker. (x200)

Fig (17): SEM showing a spine separated from immunized mice. It is

pointed and detached from its base. (x 1,500)
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(c) Tissue bound ova pattern:

a- Oogram pattern: Table (3) and (4) graph (2):

The distribution of immature stages, mature and dead stages of tissue

bound ova pattern were showen in tables (3 and 4) graph (2) Fig (18-21).

The results revealed an increase in the immature ova in the vaccinated

groups A, B and C as they were 66.5%, 70.2% and 71.1% while in the

control group it was 61.3%. On the other hand, there was marked decrease in

the mature ova in the groups A, B and C as they were 24.1%, 13.2% and

17.2% respectively, while the control was 35.1%. The percentages of dead

ova in three groups were 8.9%, 16.5 % and 12.7% as compared to control

group (3.5%).

This table showed that the group B (20Krad) gave highest percentage

of dead egg and low percentage of mature egg compared to the other tested

groups (A) and (C), while group (C) (25 krad) gave better result than group

(A) (15 Krad).
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Table (3): Distribution of immature, mature and dead stages in control

and the groups vaccinated with schistosomules attenuated with 15, 20

and 25 Krad of γ- radiation challenged with S. mansoni cercariae.

Group

Immature stages Mature % Dead %

Stage 1 % Stage 2 % Stage 3 % Stage 4 %

Control D 26.6 % 16.2 % 7.4 % 11.1% 35.1 % 3.5%

Group A 21.6 % 19.8 % 14.5 % 10.9 % 24.1 % 8.9 %

Group B 23.9 % 20.8 % 15.3 % 10.2 % 13.2 % 16.5 %

Group C 24.3 % 21.3 % 15.4 % 9.1 % 17.2 % 12.7 %

EG1200354



105

Table (4): Percent distribution of tissue bound ova pattern in vaccinated

groups A, B and C versus control infected group.

Group Immature Mature Dead

Control D 61.3 % 35.1 % 3.5 %

Group A 66.8 % 24.1 % 8.9 %

Group B 70.2 % 13.2 % 16.5 %

Group C 70.1 % 17.2 % 12.7 %
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Graph (2)

62.3

35.1

3.5

65

24.1

8.9

71.8

13.2
16.5

71

17.2
12.7

0

10

20

30

40

50

60

70

80

90

100

D
is

tr
ib

u
ti

o
n

%

C ontrol G roup A G roup B G roup C

Immature Mature D ead

EG1200354



107

Fig (18): Tissue bound ova pattern in the small intestine recovered from

infected control mouse showing different developmental stages of living ova

(first, second, third and mature stages).

Fig (19): Tissue bound ova pattern in the small intestine recovered from

group A (15Krad) muose showing living ova at different developmental

stages (second, third, fourth and mature), while very few eggs are dead.

EG1200354



108

Fig (20): Tissue bound ova pattern in the small intestine recovered from

group B (20 Krad) muose, showing death of most of the ova, broken shells

while very few eggs are living.

Fig (21): Tissue bound ova pattern in the small intestine recovered from

group C (25 Krad) muose, showing large number of dead eggs, broken shells

while few eggs are living.
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b- Egg count /gm liver and intestine: table (5) graph (3):

As regard the egg count/gm liver in groups A (15Krad), B (20Krad)

and C (25Krad), the mean±S.D. were (763±785), (155±142) and (223±215)

respectively while the control group was (1752±725). This represented

significant difference between the group (A) and the control group D as the

P values were <0.05.While there were high significant difference between

groups (B) and (C) P<0.001.

There was highest reduction in group B in the liver egg count

compared with the group A and group C. The percentage of reduction in the

three groups A, B and C was (56.4%, 91.1% and 87.2%) respectively.

Regarding the egg count/gm intestine tissue, the mean±S.D. in the

groups A, B and C were (1233±1238), (268±213) and (416±392)

respectively while in the control group were (3715±1882). There was

statistically significant difference between the group (A) and the control

group (D) with P< 0.05. And significant difference between the groups (B)

and (C) compared to the control group (D) with the P values were <0.01.

The percentage of reduction in the egg count/gm intestine for groupA

(15krad), B (20Krad) and C (25krad) were (66.8%, 92.7% and 88.8%)

respectively showing the highest reduction in group B.This also showed that

the reduction in the group C was higher than in the group A.
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Table (5): Effect of vaccination with schistosomules attenuated with 15,

20 and 25 Krad of γ-radiation on egg count / gm tissue in mice 

challenged with S. mansoni cercariae compared with control mice

group.

Egg count/gm tissue Control

Mean±S.D.

Group A1

Mean±S.D.

Group B1

Mean±S.D.

Group C1

Mean±S.D.

Egg count/gm liver tissue

% of reduction 1752±725

-

*

763±785

56.4 %

***

155±142

91.1 %

***

223±215

87.2 %

Egg count/gm intestine tissue

% of reduction 3715±1882

-

*

1233±1238

66.8 %

**

268±213

92.7 %

**

416±392

88.8 %

* Significant difference from the infected group P<0.05.

** Significant difference from the infected group P<0.01.

*** Highly significant difference from the infected group P<0
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Graph (3): Comparison between all studied groups as regard

egg count / gm liver and intestine
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II. Histopathological results:

In (table 6), Fig (22-35) the mean±S.D. of the of granuloma

size/mouse in the control group were (405±8.2) and that in the vaccinated

groups A, B and C were (320±7.5), (125±3.2) and (225±4.9) respectively

showing high significant difference between all the vaccinated groups and

the control infected group P<0.001.

Regarding the number of the granuloma, mean±S.D. in the control

infected group (D) was (15.2±3.2) while in group (A) vaccinated with

(15Krad) irradiated schistosomules was (11.5±2.9) showing no significant

difference compared to the control group (D) as P>0.05. There were high

significant difference between groups B (6.5±1.3) and C (8.7±2.2) as

P<0.001.

The Mean ±S.D. of collagen content in the control infected group (D)

was (35.9±6.9). On comparing this group with the vaccinated groups A, B

and C, they showed no significant difference in group (A) (31.5±6.8), While

there were high significant difference in group B (11.6±6.3) and C

(19.2±7.4) P <0.001.

Predominance of smaller cellular granulomas was detected in group B

(20 Krad) 65% while in group A (15 Krad) and in group C (25 krad) were

48% and 60% respectively compared to the control infected group D 45%.

The fibrocellular infiltration was more dense in group A (15 krad) 52% and

in group C (25 Krad) was 40% while group B (20 krad) showed less

fibrocellular infiltration 35% compared to control infected group D 55%.
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Portal tract infiltration was moderate in group A (15 Krad), no or

minimal in group B (20 Krad) and mild in group C (25 Krad), while sever

infiltration was observed in control group D.

The liver parenchyma was degenerated and necrosed in control group

D and vaccinated group A (15 Krad) while it was intact in both vaccinated

group B (20 Krad) and vaccinated group C (25 Krad) as shown in the same

table.
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Table (6): Criterria of granulomatous lesions and associated histopathological

changes in the studied groups.

Group

Mean ± S.D.

Granuloma

number

Mean±S.D.

Granuloma

diameter

Mean ±S.D.

Collagen

content

Type of

infiltration

Portal tract

infiltration

Liver

parenchyma

Cellular Fibro

Cellular

Control

D 15.2 ±3.2 405 ± 8.2 35.9±6.9 45% 55%

+++

Severe

Areas of

degeneration

and necrosis

Group

A

n.s.

11.5 ±2.9

**

320 ± 7.5

n.s.

31.5±6.8 48% 52%

++

Moderate

Areas of

degeneration

and necrosis

Group

B

**

6.5± 1.3

**

125± 3.2

**

11.6±5.3 65% 35%

No

or

minimal

Intact

Group

C

**

8.7 ±2.2

**

225 ± 4.9

**

19.2±6.1 60% 40%

+

Mild Intact

** High significant different from infected control group P< 0.001

n. s. no significant difference from control infected group
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Fig (22): Liver section of an infected control group (D) mouse stained with

H&E showing fibrocellular granuloma of large size formed of schistosomal

ovum surronded by chronic inflammatory cellular infiltrate. (x200)

Fig (23): Liver section of an infected control group (D) mouse stained with

H&E showing multiple granulomas with fibrocellular infiltration. (x200)
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Fig (24): Liver section of an infected control mouse group D stained with

H&E showing schistosomal worms in dilated portal vein and diffuse cellular

and bile duct infiltrate. (x200)

Fig (25): Liver section of an infected control group (D) mouse stained with

Masson`s trichrom showing multiple cellular and fibrocellular granulomas. (x200)
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Fig (26): Liver section of an infected control group (D) mouse stained with

Siruis red showing severe deposition of collagen. (x200)
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Fig (27): Liver section of a mouse vaccinated by 15 Krad irradiated

schistosomules group (A) showing large size granuloma with contracted

schistosomal ovum and fibrocellular infiltration. (x200)

Fig (28): Liver section of a mouse vaccinated by 15 Krad irradiated

schistosomules group (A) stained with Masson`s trichrom showing multiple

granulomas mainly fibrocellular. (x200)
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Fig (29): Liver section of mouse vaccinated by 15 Krad irradiated

schistosomules group (A) stained with Siruis red showing marked collagen

deposition. (x200)

EG1200354



120

Fig (30): Liver section of a mouse vaccinated by 20 Krad irradiated

schistosomules group (B) stained with H&E showing aggregation of few

inflammatory cells and small granuloma around dilated portal vein. (x200)

Fig (31): Liver section of a mouse vaccinated by 20 Krad irradiated

schistosomules stained with Masson`s trichrom showing few small

granulomas with less inflammatory cellular infiltrate. (x200)
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Fig (32): Liver section of mouse vaccinated by 20 Krad irradiated

schistosomules group (B) stained with Siruis red showing minimal collagen

deposition. (x200)
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Fig (33): Liver section of mouse vaccinated by 25 Krad irradiated schistosomules

group (C) stained with H&E showing medium size mild inflammatory cellular

granuloma with contracted schistosomal ovum. (x200)

Fig (34): Liver section of a mouse vaccinated by 25 Krad group irradiated

schistosomules group (C) stained with Masson`s trichrom showing multiple

granuloma with cellular infiltration. (x200)
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Fig (35): Liver section of mouse vaccinated by 25 Krad irradiated

schistosomules group (C) stained with Siruis red showing moderate collagen

deposition around granuloma. (x200)
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III. Biochemical Parameter Results:

Studying the effect of immunization with schistosomules attenuated

with three different doses of γ-radiation 15, 20 and 25 Krad on liver 

enzymes level in mice challenged with100 S. mansoni cercarae and without

challenge were demonstrated in table (7).

Aspartate transaminase (AST): graph (4):

As regard AST enzyme, the mean±S.D. in naïve group E was

(17.5±0.6) and in the control infected group D it was (53.4±2.5) giving high

significant difference with P< 0.001. While in the subgroups A1 (15 Krad),

B1 (20 krad) and C1 (25 krad) were (42.4±2.8), (28.1±1.3) and (34.6±2.5)

respectively. Statistically high significant difference between the three

subgroups and control infected group (D) as the P value was <0.001.

The mean±S.D in vaccinated without challenge subgroups A2 (15

krad), B2 (20 krad) and C2 (25 krad) were (27.5±5.1), (22.7±3.1) and

(19.9±1.4) respectively. On comparing these subgroups with naïve group E

they showed high significant difference as P < 0.001.

Alanin transaminase (ALT): graph (5)

Table (7) showed that the mean ± S.D. in ALT naïve group (E) was

(22.84±0.8) and in the control infected group (D) was (65.2±10.4) with high

significant difference P< 0.001. While in the vaccinated and challenged

subgroups A1, B1, and C1 were (53.8±6.1), (37.0±3.5) and (41.8±5.2)

respectively. This showed significant difference in subgroups A1 (15 Krad)
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and C1 (25 Krad) with P <0.05 and high significant difference with P< 0.001

compared to the control infected group.

On comparing vaccinated/non challenged subgroups A2, B2 and C2 with

the naïve group (E), the mean±S.D were (31.8±2.4), (29.7±1.5) and (25.1±0.8)

respectively. The subgroup A2 showed high significant difference as P <0.001,

subgroup B2 showed significant difference P<0.05 while subgroup B2 showed

no significant difference compared to the naïve group (E).

Gamma-Glutamyl-Transferase (γ-GT): graph (6):     

The data in table (7) revealed that mean±S.D. of serum γ-GT in the 

naïve mice group (E) was (6.2±0.5) and in the control infected group (D)

was (18.8±1.6), while in the vaccinated challenged subgroups A1, B1, and C1

were (16.1±1.2), (12.4±0.8) and (14.5±0.9) respectively. On other hand, the

mean±S.D. in vaccinated/non challenged subgroups A2, B2 and C2 were

(9.4±0.7), (7.5±0.5) and (7.1±0.4) respectively. These results showed high

significant difference between all the vaccinated/challenged subgroups A1,

B1, and C1 and the control infected group (D) with P<0.001. On comparing

vaccinated/non challenged subgroups A2, B2 and C2 with naive group E,

group A2 showed high significant difference P<0.001, group B2 gave

significant difference P<0.05 while group C2 showed no significant

difference.

Alkaline phosphatase (ALP): graph (7):

The study of the ALP level in all groups revealed that the mean± S.D.

in the naïve group (E) was (134.1±13.6) and control infected group (D) was

(407.2±40.9), while in the immunized/challenged subgroup A1 was
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(347.3±36.8) showing significant difference with P<0.05 and in the

subgroups B1, and C1 (216.7±21.0) and (277.8±25.1) respectively showing

high significant difference P<0.001. As regard vaccinated/non challenged

subgroup A2 (176.0±16.4), it showed high significant difference between it

and the naïve group (E) P<0.001. The vaccinated/non challenged subgroup

B2 the mean± S.D. was (155.7±14.8) showing significant difference with

P<0.05, while subgroup C2 (146.8±14.6) showed no significant difference as

compared with the naïve one.
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Table (7): Liver enzymes in control and mice groups vaccinated with 15, 20
and 25 Krad of γ- radiation attenuated schistosomules challenged by S.
mansoni

# Significant different from infected group P< 0.05 * Significant different from normal group P< 0.05

## Significant different from infected group P<0.001 **High significant different from normal group P<0.001

n.s. no significant different

Group Control Group A (15 Krad) Group B (20 Krad) Group C (25 Krad)

Liver

Enzyyms

U/L

Normal E

Mean ± S.D.

Infected D

Mean ± S.D.

Subgroup A1

Mean±S.D.

Subgroup A2

Mean±S.D.

Subgroup B1

Mean±S.D.

Subgroup B2

Mean±S.D.

Subgroup C1

Mean±S.D.

Subgroup C

Mean±S.D.

AST 17.5 ± o.6

**

53.4 ± 2.5

# #

42.4 ± 2.8

**

27.5 ± 5.1

# #

28.1 ± 1.3

**

22.7 ± 3.1

# #

34.6 ± 2.5

**

19.9 ± 1.4

ALT 22.8 ± 0.8

**

65.2±10.4

#

53.8 ± 6.1

**

31.8 ± 2.4

# #

37.0 ± 3.5

*

29.7 ± 1.5

#

41.8 ± 5.2

n.s.

25.1 ± 0.8

γ-GT 6.2 ± 0.5

**

18.8 ± 1.6

# #

16.1 ± 1.2

**

9.4 ± 0.7

# #

12.4 ± 0.8

*

7.5 ± 0.5

# #

14.5 ± 0.9

n.s.

7.1 ± 0.4

ALP 134.1 ± 13.6

**

407.2 ± 40.9

#

347.3 ± 36.8

* *

176.0 ± 16.4

# #

216.7 ± 21.0

*

155.7 ± 14.8

# #

277.8 ± 25.1

n.s.

146.8 ± 14.6
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Graph (4): Comparison between all studied groups asGraph (4): Comparison between all studied groups as
regard AST mean valuesregard AST mean values
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Graph (5): Comparison between all studied groups as regard
ALT mean values
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Graph (6): Comparison between all studied groups as regard
γ-GT mean values 
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Graph (7): Comparison between all studied groups as regard
ALP mean values
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IV. Immunological parameter results:

(i) Interleukin – 10 (IL-10): Table (8) graph (8):

The present study revealed that IL-10 in sera of mice in naive group

(E) was (85.6±11.9) and in control infected group D was (803.0±76.1),

while in vaccinated/challenged subgroups A1, B1, and C1 were (471±61.9),

(219.1±42.6) and (298.7±50.6) respectively. There was high significant

difference between all subgroups and the control infected group with

P<0.001. On comparing subgroups A2, B2 and C2 with the naïve group (E),

the resukts show high significant difference P< 0.001.
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Table (8): Assesment of IL-10 in pg/ml in studied groups with and without challenge

with S. mansoni cercariae vaccinated with schistosomules attenuated with different

doses of γ-radiation (mean±S.D)

Group Control Group A (15 Krad) Group B (20 Krad) Group C (25 Krad)

Item

Normal

group E

Infected

group D

Subgroup A1

Mean ±S.D.

Subgroup A2

Mean ±S.D.

SubgroupB1

Mean ±S.D.

Subgroup B2

Mean ±S.D.

Subgoup C

Mean ±S.D.

IL-10 85.6±11.9

**

803.±76.1

##

471.8±61.9

**

178.6±33.2

# #

219.1±42.6

**

140.6±29.1

# #

298.7±50.6

** High significant different from normal group E P< 0.001.

## High significant different from infected control group D P< 0.001.
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Graph (8): Comparison between all studied groups as regard
IL10 mean values

85.6

803

471.8

178.6

219.1

140.6

298.7

131.8

0

100

200

300

400

500

600

700

800

900

IL
-1

0
m

e
a

n

Normal C ontrol S ubgroup

A1

S ubgroup

A2

S ubgroup

B 1

S ubgroup

B 2

S ubgroup

C 1

S ubgroup

C 2

EG1200354



135

(ii)Tumour necrosis factor-alpha (TNF-α): table (9) graph (9):

 TNF-α level obtained from sera of all studying groups was 

compratively showen in table (8). The mean±S.D.in in control infected

group D was (63.9±4.7) and in naïve group E (18.5±1.6). While in

vaccinated/challenged subgroups A1, B1, and C1 were (40.9±3.5), (33.4±3.2)

and (37.8±3.4) respectively. And in vaccinated/non challenged subgroups

A2, B2 and C2, the mean± S.D. were (28.6±2.4), (23.1±2.2) and (20.1±1.8)

Our data recorded high significant difference P<0.001 between

subgroups A1, B1 and C1 compared to the control infected group (D). Also,

there was high significant difference between sugbroups A2 and B2 as P

<0.001 As regard subgroup C2 there was no significant difference as P> 0.05

as compared to the naïve group (E).
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Table (9): Assesment of TNF-α in pg/ml in mice with and without challenge with 

S. mansoni cercariae after vaccination with schistosomules attenuated with

different doses of γ radiation (mean ±S.D). 

** High significant different from normal group E P< 0.001.

## High significant different from control infected group D P< 0.001.

n.s. no significant difference from normal group.

Group

Item

Control Group A (15 Krad) Group B (20 Krad) Group C (25 Krad)

Normal

GroupE

Infected

Group D

Subgroup A

Mean ±S.D.

Subgroup A2

Mean±S.D.

Subgrou B1

Mean±S.D.

Subgroup B2

Mean±S.D.

Subgoup C1

Mean±S.D.

Subgroup C2

Mean±S.D.

TNF-α 18.5±1.6

**

63.9.±4.7

# #

40.9±3.5

**

28.6±2.4

# #

33.4±3.2

**

23.1±2.2

# #

37.8±3.4

n.s.

20.1±1.8
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Graph (9): Comparison between all studied groups as regard

TNF-α mean values 
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Discussion

There has been a major effort to develop immunization procedures for

protecting populations at risk against schistosome infection, and a number of

candidate vaccine antigens have been identified (Bergquist et al., 1994).

However, none of the subunit vaccines have been proven to provide

sufficient immunity in experimental models to warrant consideration for

clinical use (Bergquist & Colley, 1998). Vaccination strategy in

schistosomiasis is either anti-pathology or anti-infection vaccination.

The anti-pathology vaccination approach is by induction of a disease-

inhibiting immune response that acts against the egg and egg-induced

pathology. This inhibiting immune response could be achieved by inhibition

of egg production by female schistosoms (anti-fecundity immunity),

inhibition of egg maturation (anti-emberyonation immunity), destruction of

miracidia inside eggs (anti-miracidial immunity), or inhibition of production

of immunopathologic antigens from the mature eggs entrapped in tissues.

Anti-immunopathology responses that may inhibit disease include all those

postulated to inhibit either directly or indirectly the induction or expression

of Th cell-dependent granulomatous inflammation (Warren, 1982).

Anti-infection in all experimental animals can be induced consistently

in two ways: by exposure to normal cercariae and subsequent development

of an adult egg laying infection, or by exposure to radiation attenuated

cercariae or larvae where they die at some point during their migratory

pathway before maturity is reached (Smithers & Miller, 1980 and De Jesus

et al., 2000).
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Attempts to immunize experimental animals against schistosomes

with dead antigenic preparations have generally met with limited success.

However autoclaved-killed cercarial vaccine was tried by (Eissa et al., 2003)

and gave high degree of protection. In contrast, vaccination with radiation-

attenuated premature Schistosoma produced high levels of resistance in

variety of host/schistosome models (Bickle et al., 1979 and Osman, 2008).

This study was focused on S. mansoni parasites being the easiest

species to manipulate and the aquatic intermediate snail, Biomphlaria

alexandrina is the easiest to maintain under laboratory conditions. Also, in

schistosome infected mice, S. mansoni parasites takes 6 weeks to reach

maturity unlike S. haematobium that needs 11 weeks (Kelly, 1997).

All the information available indicated that early irradiated stages are

required for the induction of resistance. There is evidence that cercariae

loose some of its potency in induction of resistance immediately after

artificial convertion to skin-stage schistosomula and was considered as the

first important source of antigens in the body (Sher & Benno, 1982). So

schistosomula was chosen in this study as there was a complex set of

polypeptides exposed on the surface of the newly transformed schistosomula

and were considered as an important target of protective immunity. Most

attention has been focused on molecules released from or exposed at

schistosomular surface (Simposon & Cioli, 1987).

Wales et al. (1993) and Mountford et al. (1995) reported that

schistosomula were covered with complex carbohydrate network, which

constitutes the glycocalyx surrounding the parasite tegument. This

carbohydrate network interferes with the development of high degree of

EG1200354



140

resistance. Gamma radiation seems to induce degrading changes in

carbohydrate polymers that could make antigenic determinants in glycocalyx

itself more accessible to antibody binding, or may expose epitopes normally

hidden in the underlying membrane.

According to Charmy et al. (1997) gamma radiation gave no any

obvious qualitative difference rather than quantitative differences in the

plypeptide pattern between normal and irradiated schistosimula.

In the present study anti-infection immunization strategy was tried.

Male albino mice were immunized with 500 schistosomulea attenuated with

different doses of gamma radiation. This was done according to previous

studies which indicated that vaccination with 500-2000 schistosomulea

resulted in somewhat more consistent protection than with fewer

schistosomula (Bickle et al., 1979).

Mice were chosen in this study as a final host, as the obtained data on

resistence suggested that mice could be considered as a high responder as

measured by worm burden.

The effectiveness of vaccination varies with the route of injection. In

this study, vaccination and infection were carried out using S.C. injection as

described by Peters & Warren, (1969) and El-Fakahany et al. (1995).

Schistosomules were attenuated by 15, 20 and 25 Krad gamma

radiation. This was documented by Bickle et al. (1979) and Fred et al.

(1984), as they reported that 20 krad gamma irradiated schistosomules

resulted in better protection than those exposed to either higher or lower
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radiation doses without causing the pathological symptoms of

schistosomiasis.

Mice injected with life gamma–irradiated schistosomules developed

levels of protection nearly equivalent to the levels of protection induced with

irradiated cryopresserved schistosomules (James et al., 1981).

Concerning the time for challenge 8 weeks post vaccination. Smith &

Clegg, (1979) reported that resistance to reinfection reached maximum when

applied 8 weeks post initial infection, it starts from 6th week reached its

maximum on 8th week.

In this study, comparable levels of protection in relation to control

ones were obtained by using attenuated schistosomules where the degree of

protection was assessed through:

I. Parasitological parameters: (a) total worm burden and determination of

% of protection (b) morphological changes by staining and scanning

electron microscopical study of adult worms recovered from the

investigated groups (vaccinated and none) (c) oogram pattern and

viability of ova (d) ova count/gm liver and intestine).

II. Histopathological parameters: through studying of liver tissues

(granuloma number, size, types and collagen contents).

III. Biochemical parameters: through liver enzymes determination (AST,

ALT, γ-GT and alkaline phosphatase). 

IV. Immunological parameters: through IL-10 and TNF- α determination. 
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I. Parasitological parameters:

a. Worm burden:

Statistically, in this study highly significant difference in the total

worm burden in group B (20 Krad) with P< 0.001, while group C (25 Krad)

gave high significant difference in the total number of worms with P<0.01.

On other hand, group A (15 Krad) showed significant difference with P<

0.05 as compared to the control infected group D.

The obtained results cleared that vaccination with the three different

doses of radiation causes reduction in the numbers of male, female, couple

and hence total worms than those in the control infected group. The group

vaccinated with 20 Krad irradiated schistosomula gave the highest degree of

reduction in the total worm burden (74.6%), 15 Krad (43.6%) and 25 krad

(60.3%) of reduction.

Fred et al. (1984) studied the effectivness of cryopreserved irradiated

schistosomule vaccine against S. mansoni cercarial challenge mice, reported

that highly significant level of protection developed when mice immunized

with vaccine irradiated at 10-20 Krad than did schistosomules irradiated at 2,

5, 30 or 50 Krad. The authers recorded 40% and 22% reduction of the total

worm burden at vaccination with 20 and 50 Krad respectively.

These results are in agreement with Menson et al. (1989) and Wynn et

al. (1994) whom reported that exposure to gamma irradiation at 20 Krad

gave higher degree of protection. The authers attributed this protection to the

ability of gamma radiation to induce the pronounced modification of the

complex carbohydrate network that could make antigenic determinants more
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accessible to antibody binding. Also, Reynolds & Harn (1992) found that 20

Krad irradiated larvae induced high level of protection. They stated that this

radiation dose exerted an effect on the parasite which was manifested as a

progressive disruption of neuromusculature coordination that impaired

parasitic motility.

Also, the present results are more or less in accordance with the

results of Zhou et al. (1999), they have been reported reduction in worm

burden and a noticeable reduction of pathology following exposure to

infection or reinfection.

The same results were recorded by El-Gawish et al. (2006) who has

been evaluated the effect of vaccination with 20 Krad irradiated

schistosomula and non-irradiated schistosomula antigen and they reported

70.01% reduction in the total worm burden in vaccinated group.

Also, Abdel Shafie (2006) reported significant reduction in the worm

burden and the number of the ova in liver in mice vaccinated with 20 Krad

irradiated antigen in comparison with infected group.

Nagazia (2006) have been reported that for 20 Krad irradiated

schistosomula vaccine against bovine schistosomiasis japonicum gave 62%

worm reduction. Using the same protocol and 55% reduction was obtained

in cattle.

Also, the study of Osman (2008) gave 72.45% reduction in total worm

burden using 20 Krad irradiated schistosomula antigen while the reduction

was 38.13% at using the vaccination with unirradiated schistosomula

antigen.
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The variation in the degree of protection in different studies could be

related to different factors such as the difference in qualification of radiation

attenuated schistosomula vaccine, mouse strain, the magnitude of initial

infection, different periods of assessment post challenge infection and from

one experiment to another.

Sheob et al. (1976) reported that the immune response may be in the

serum due to increased serum IgA or IgE causing destruction of worms and

arrest its growth. Mclaren et al. (1987) attributed the reduction in

Schistosoma worm burden to the presence of an immune mechanisms

present in the skin preventing cercarial penetration. Cauluda Benedetti et al.

(1991) refered this to the increase in IgG antibodys which play a significant

role in the protection.

On other hand, Smithers & Doenhoff (1982) reported that reduction

in worm burden could be due to the increased susceptibility of the newly

transformed schistosomula to the killing mechanisms dependent on

antibodies. Also, Hanna et al. (1994) reported that worms may represent the

target antigen in the humoral immune response in mice vaccinated with

radiation attenuated cercariae. Vaccination of mice with irradiated

schistosomula or cercariae caused a remarkable increase in lymphocytes

proliferation response to S. mansoni antigen (Mountford & Harrop, 1998).

b. Morphological changes:

(i) Staining the worms:

Concerning the morphological changes of recovered worms of the

three different doses vaccinated/challenged mice groups, the majority of the
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worms were stunted, erratic agitated and fragile in comparison to worms of

control infected group. By ordinary microscope and using alum carmine to

stain the recovered worms, few number of female worms showed

stuntedness, moderately developed ovary, empty intestine and absence of

vitelline gland (Fig. 5). The finding documented that the antigen plays a

dominant role in the affection of female gonads or in destroying the eggs

which coincided with Sher et al. (1986).

In contrast, the majority of males showing besides its stuntedness, Fig

(6) there was erosion and vacculation of tegument with absence of testes

with empty intestinal cacae. The same observations were noticed by Capron

et al. (1987) Shoemoker et al. (1990) and Gamal-Eddin et al. (1996) on

using different antigens for vaccination. The authers attributed these findings

to the increase of the lytic power of the host serum and the presence of the

worms in an unfavourable medium.

(iii) Scanning electron microscope (SEM) study:

Scanning electron microscope is considered as a useful tool for the

study of the structure of the outer surface of many helminthes, particularly

schistosomes. McClaren (1980) reported that the tegument of S. mansoni is

an important interface between the parasite and its intravascular environment

in the host. Through this specialized tegument, adult worms perform basic

activities for their survival and they assimilate blood nutrients from the host

to be able to escape from the immune response of the host against their

presence. So, the integrity of the tegumental membrane is essential for the

success of this evasion Brouwers et al. (1999), Braschi & Wilson (2006) and

Sprong et al. (2006).
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In the persent study, severe tegumental damage was observed in

scanning electron microscopy study of adult S. mansoni male recovered

from infected mice after their immunization with 20 Krad irradiated

schistosomula. It showed extensive tegumental damage manifested by

oedema of the tegument with formation of numerous belbs, swellings,

rupture of tubercles and multiple holes in the surface of the worms and

gynaecophoric canal with marked loss of spines. Some teguments showed

sever erosion of the tubercles or even sloughing of tegumental membranes

(Fig. 12, 13, 14) exposing the underlying muscle layers. The severity of

changes are less in groups vaccinated with 25 Krad (Fig. 15, 16), while mild

changes are seen in those vaccinated with 15 Krad irradiated schistosomula

(Fig.10, 11).

In addition to the loss of spines, the worms showed severe

deformation in the anterior and ventral suckers. These findings made the

worms unable to move against the blood stream, since they hold the worm

against the flow of the blood by being embedded within the wall of the

vessels. Wide abnormal gyneacophoric groove, shrinkage, shortage of and

intensive corrugation were observed in the adult worms. The same

observations were reported by Mohammed (1998), El-Gawish & Moawad

(2003) and Shuhua et al. (2002).

Wales et al. (1993) and Mountford et al. (1995) reported that exposure

to γ-radiation at 20 Krad seems to induce degrading changes in 

carbohydrates polymers that could make antigenic determinants in glycocalx

itself more accessible to antibody binding, or may expose epitopes normally

hidden in the underlying membrane
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As regards deformation of adult female worms with severe multiple

strictures have been noticed. Some female worms suffered from shrinkage

and shortage as well (Fig. 45). These changes are in accordance with EL-

Gawish et al. (1997), Xiao et al. (2000).

These findings are also with the findings reported by Neves et al.

(2004) who mentioned severe erosion of the classical tegumental schemes of

the adult S. mansoni and peeling with appearance of deep crakes in different

parts. Deformation of adult female worms with severe multiple strictures

have been noticed which run with the same findings of the present study.

c. Tissue bound ova:

(i) The Oogram Pattern:

As regard the effect of vaccination on the tissue bound ova pattern

(Fig. 18-21), the present study revealed an apparent decrease in the total

number of ova detected in the small intestine, a fact that evidenced by using

more than 3 segments of the intestine to reach 100 ova count. Also an

increase in the immature ova stages in all vaccinated groups 15, 20 and 25

krad as they were (66%), (70.2%) and (71.1%) respectively in comparison to

(61.3%) in the control infected group D. Correspondance decrease in mature

ova stage (24.1%) in group A, (13.2%) in group B while it was (17.2%) in

group C in comparison to (35.1%) in control group D. It is worthly to

declare the prononced increase in the dead ova percentage as it was in the

studied groups A,B, and C (8.9%), (16.5%) and (12.7%) respectively in

comparison to the control infected group D (3.5%).
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Some investigators have pointed to early days of infection as a most

hopful of attack. During this time the parasite had no time to deploy its

various tricks, and could be vulnerable to antibodies primed by vaccine

based on the surface antigens from the early stage schistosomula (Smithers

& Terry, 1969 and Menson et al., 1989). It is evident from the present data,

that immunization induced remarkable decrease in all stages of oogram

pattern. Also 20 Krad irradiated larvae recorded better results and caused an

increase in dead ova and unability of immature ova to reach to mature egg.

It seems that the protective power of the attenuated larvae used may

play a role in the affection of female gonades as shown in stained worms or

in destroying the eggs as showen by oogram pattern.

These results are in accordence with Abdel Shafie (2006) who studied

effect of immunization of mice with 20 Krad irradiated schistosomula and

revealed that only few numbers of ova could reach the mature stages

indicating unability of the immature ova in stage 1 to grow to stage 4.

Gamal Eddin et al. (1996) stated that the reduction may be due to

damaging effect of the vaccine on the genital organs and the musculature of

worms leading to diminution of musculature tone and sexual activity. The

authors added that the protective power of the antigen (vaccine) used played

a dominant role in the affection of the female gonad or in destroying the

eggs. The same explanation was documented by Smithers & Terry (1976),

Sher et al. (1986), Cheever et al. (1992) and Gibada et al. (1994).
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(ii) Ova count/gm liver and intestine:

In the present study, immunization with schistosomula irradiated with

different doses of gamma radiation prior to challenge infection with S.

mansoni cercariae developed higher resistance than infected group

manifested by reduction in ova count/gm liver and intestine (table 5, graph

3). The data revealed high significant difference in groups B (20 Krad) and

C (25 Krad) with P<0.001. While group C (15 Krad) showed significant

difference with P<0.05. Also the percentage of reduction in the number of

ova count /gm liver in the three comparable vaccinated groups 15, 20 and 25

was (56.4%), (91.1%) and (87.2%) respectively. While, the reduction in ova

count / gm tissue intestine in the three studied groups were (66.8%), (92.7%)

and (88.8%) in comparison with infected control group. Group B and C gave

high significant difference with P<0.01 while, group A gave a significant

difference with P< 0.05.

On comparing each group with the other, the reduction in the ova

conut/gm tissue in both liver and intestine were higher in group B vaccinated

with (20 Krad) than in C (25 Krad) which showed better reduction than

group A (15 Krad).

This study is in agreement with Abdel Shafie (2006) and El-Gawish et

al. (2006). They showed high reduction in ova count/gm liver tissue with

90.24% and in intesine was 87.89% in group vaccinated with 20 krad

irradiated schistosomula compared to the control infected group. In addition

to Osman (2008) who reported 93.3% and 91.2% reduction in ova count/gm

liver and intestinal tissue in mice immunized with 20 Krad irradiated

schistosomula antigen in comparison to control infected group.
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Chensue et al. (2007) declared an extremely strong correlation

between liver egg count, and worm burdens and they attributed that to the

early potency of irradiated schistosomules antigen for enhancement the

immune response. They added that Th1 and Th2 are good stimulant other

immune regulation not only for reducting the intensity of infection but also

for reducting the number of eggs accumulating in the liver.

In the present study, another explanation could be added to the

previous factors, the presence of abnormal and often sterile adult worms in

the liver of mice vaccinated with irradiated larvae which might be resulted in

the reduction of ova count. Also the decreased nubmer of couples in

vaccinated groups was consistent with the decreased number of ova count in

the same groups. Consequently, the notable diffetrence between

immunization of mice with 15, 20 and 25 Krad gamma attenuated

schistosomula in ova count accompanied with similar percentage of worm

burden which may be attributed to the fecundity of worms and hence a

difference in egg production.

II. Histopathological studies of liver:

Concerning the histopathological studies, mice of infected control

with S. mansoni cercariae showed drastic changes in liver architecture and

highly affected hepatocytes with lots of variable sized granulomas (Fig. 22,

23, 25) with or without well developed worms and ova. Some worms were

lodged in the portal vein Fig (24) with well marked periportal cellular

infiltration. The results are in agreement with Moustafa et al. (1996) and El-

Gawish et al. (1997). In the same respect Abdel-Hadi and Talaat (2000)

stated that the pathology of schistosomiasis consisted essentially of series of
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chronic inflammatory lesions produced in and around blood vessels by eggs

or their products and sometimes by adult worms which led to progressive

fibrosis in the portal tract.

Generally, in schistosomiasis there is correlation between the severity

of hepatic fibrosis and the number of eggs in the tissue, this correlation was

explained by Yu et al. (2008) who reported that the typical hepatic lesion of

chronic human S. mansoni pipestem fibrosis is characterized by extensive

fibrosis around intrahepatic branches of the portal vein.

An additional potential role of the granuloma as an immunoregulatory

antipathology organelle, these results revealed high significant decrease in

granuloma diameter in all vaccinated groups compared to the control group

D (405±8.2). Also, group B (20 Krad) showed high decrease in the diameter

(125±3.2) compared to the other groups A (320±7.5) and C (225±4.9) (Fig.

30-31).

Group A (15 krad) (Fig. 27-29) gave no significant difference in

granuloma numbers (11.5±2.9) and collagen content (31.5±6.8) while there

were high significant difference in granuloma number (6.5±1.3) and

collagen content (11.6±6.3) in group B (20 Krad) and in group C (25 Krad)

(8.7±2.2) and (19.2±7.4) respectively compared with control group D

(15.2±3.2) and (35.9±6.9) respectively. These results are in agreement with

the study of Osman (2008) who revealed very high significant decrease in

the diameter of granulomas in the liver and in collagen content in vaccinated

mice compared to infected mice group. The auther reported that these

findings pointed to significant reduction of parasite fecundity and egg

viability, the latter directly affect transmission potentialities of the disease.
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Same observation was recorded by Hassanein et al. (1997) they had

been reported that the reduction in granuloma number and size were

associated with amelioration of pathological changes in gamma irradiated

schistosomula immunized group. While Damian et al. (2006) attributed the

smaller hepatic granulomas in vaccinated mice to the decrease in toxic egg

products, as evidenced by the lack of damage to adjacent hepatocytes.

Regarding the cellular response within the hepatic granulomas, the

histopathological results of liver sections of group B (20 Krad), showed

relatively small-size hepatic granulomas, rich in eosinophils and

macrophages and poor in fibrocytes. Also, the inflammatory cell population

within the matrix of these granulomas was much greater than that in control

animals. This increase in the local concentration of inflammatory cells could

be the result of proliferation and /or increased migration of immunologically

active cells into granulomas, as suggested by Gibonda and Smith (1997).

In accordance with this study, the studies of Hoffmann et al. (1998),

Silveira et al. (2004) and Oloris et al. (2007) who suggested that circulating

worm antigen likely constitute a stimulus for inflammatory cells to secrete

larger amount of chemokines with proinflammatory action, increasing and

accelerating granuloma cellularity.

The collagen content in infected mice revealed highly significant

increase with hepatic fibrosis (Fig. 26). This is due to increase in fibrinolytic

effect around collagenous spot, this also reported by decock (2002) who

observed that eggs are deposited down stream in the portal venules, which

they block and where they elicit the formation of a granuloma rich in
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eosinophils and associated with periovular, protal and perisinusoidal

deposition of collagen.

In general the observations regarding cytokine TNF-α regulation in 

mice immunized by radiation attenuated larvae, the mutant animals develop

a mixed or unpolarozed Th1/Th2 type response to shistosome eggs.

Deschenes et al. (2007) suggested that is TNF-α and IL-10 are able to 

stimulate collagen synthesis.

Similar results were recorded by Jif et al. (2008) the auther stated that,

when viable eggs lodged in tissus induced granulomatous reactions

consisting chiefly of eosinophils, many lymphocytes, macrophages,

peripheral plasma cells and few fibroblasts. The later became predominant

with striking concentric fibrosis seen in the central and intermediate areas of

the old granulomas. At this stage, granuloma diameter was some what

larger, most likely because of peripheral cuffing composed mainly of

lymphocytes and to a lesser extent, of plasma cells macrophages and

eosinophils.

Andersson and Chung (2008) described that infiltration of circulatng

fibroblasts leading to granulomas, thus may be important for attracting

lymphocytes as well as forming collagen. The fibrinolytic effect may

possibly explain the reduction in the diameter and cellularity of the

granuloma and this hepatic fibrosis is realated to the egg numbers.
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III. Biochemical comparative study of the liver enzymes:

Regarding the biochemical parameters of liver enzymes, they are

considered as markers for hepatocellular injury with severe periportal

fibrosis. The reported study showed a significant increase in AST, ALT, γ-

GT and ALP which were accompaned with noticeable degenerative changes

in liver of mice in control infected group D. Ashton et al. (2001) declared

that the significant elevation of these parameters may reflect early liver

tissue damage from egg secreted proteases due to the great number of egg

deposition occure after challenged infection. In contraversy, immunization

with attenuated schistosomula by different doses of γ-radiation resulted in a 

protective effect in liver of mice manifested by a significant decrease in all

tested liver enzymes in the three immunized subgroups A1, b1 and C1

compared to the infected group.

The results obtained showed high significant difference (P<0.001) in

serum AST in all comparable studied vaccinated/challenged subgroups A1

(15 Krad), B1 (20 Krad) and C1 (25 Krad) as compared to the control

infected group D (Graph 5). Also, these results showed that the subgroup B1

showed less elevation in the AST enzymes than both subgroups A1 and C1.

On other hand, the increase in the level of the same enzyme in subgroup A1

was reported higher level than in the other two subgroups.

This study reported significant increase in the ALT enzymes (Graph

6) in the infected group D compared to normal group E (P<0.05). After

immunization with attenuated schistosomules at 15, 20 and 25 Krad

irradiation, the vaccinated/challenged subgroups A1 and C1 showed

significant decrease from control infected group D (P< 0.05). While
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subgroup B1 showed high significant decrease from control infected group D

(P< 0.001) but these enzymes still recorded significant increase compared

with normal control group E.

The increase in the serum ALT was reported to be specific for

necrosis and liver damage as described by many studies in schistosomiasis

(El Shaikh et al., 1998).

On the same run, El-Badrawy et al. (1991) and Hanna & Fayez

(1996) reported that these changes could be attributed to the hepatocellular

injury and affection of the membrane integrity as a result of lipid

peroxidation. This in turn led to release of the enzymes from the hepatic

cells into the blood stream, as well as the existence of inflammatory hepatic

granuloma cells as a result of egg deposition and presence of worms and

their toxins. This explanation was confirmed by El Haieg et al. (1997). They

attributed the changes in transaminases to persistent acute hepatic cell

damage and/or increased membrane permeability of the cells.

Concerning the study of transaminases enzyme activities which

showed a significant increase after infection, Allam (2007) attributed the

increase of transaminase enzyme activities in mice livers to the decrease in

hepatic cell population due to liver fibrosis or due to the release of the

enzyme from the damaged livers into the circulation as a result of increased

cell membrane permeability. The observed decrease of AST was more

manifested than that of ALT denoting that although the later is more specific

for liver cells, yet it is less sensitive than AST in detecting liver cell damage.

Awadalla et al. (1975) reported that the presence of considerably more AST

in human hepatic tissue indicated that the released ALT is too diluted in the
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extracellular compartment to cause significant increase in the ALT activity

in S. mansoni patients. Therefore, variations in the release, destruction or

excretion of the two enzymes or an unknown metabolic aberration are

probably important contributing mechanisms. Russi et al. (2003) added that

the activity of AST in irradiated schistosomules is less than ALT because

ALT is more sensetive in both acute and obestructive liver disease while

AST is more sensetive in most chronic and infiltrative lesions.

As regard γ-GT, (Graph 7) our study showed significant difference 

(P< 0.001) in control infected group D than normal control group E. This

was explained by Ashton et al. (2001) who reported that such elevation may

reflect early liver tissue damage from egg secreted proteases after challenge

infection. Also the result gave high significant difference (P<0.001) in all

vaccinated/challenged subgroups A1 B1 C1 relative to the control infected

group D.

It is worthly to record in this study that vaccination of mice with

irradiated schistosomules prior to challenge infection partially ameliorated

some serum γGT, ALT as well as reduction in morbidity results which are in 

full agreement with Imbert (2006).

Regarding alkaline phosphatase (ALP), it is considered as a marker

for biliary obstruction and general liver pathology. It has been reported that

there is high significant difference (P<0.05) in control infected group D

compared to control normal group E. Also, it has been reported that there is

high significant difference in vaccinated/challenged subgroups B1 and C1

(P< 0.001) and significant difference in subgroup A1 (P< 0.05) compared to

control infected group D (Graph 8).
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Roushdy et al. (1997) reported that mice infected with live S.

mansoni cercariae exhibited an increase in alkaline phosphatase, ALT and

AST and immunization with irradiated schistosomula prior to challenge

infection with S. mansoni cercariae developed partial amelioration in the

biochemical analysis compared to infected group (control).

These results are confirmed by Allam (2007) who observed that an

elevation in ALP activity in liver after S. mansoni infection.The same

results were also obtained by Richer et al. (2006) who mentioned a

significant rise in liver ALP isoenzyme in patients having hepatosplenic

schistosomiasis.

Tanabe et al. (2006) showed an increase in ALP enzyme activity in

infection with schistosomiasis and attributed it to the proliferation of the bile

ducts and bile canaliculi.

From this study it was concluded that immunization with 15, 20 and

25 Krad vary in their effects. 15 Krad irradiated schistosomula showed a

significant increase in all the liver enzymes (ALT, AST, γ-GT and alkaline 

phosphatase) than naïve group E, but significantly less than control infected

group D. This was accompanied with noticeable degenerative changes in

liver of mice with less destructive changes in worms and ova. In

contraversry, 20 Krad irradiated larvae showed the most protective effect in

liver of mice with a significant decrease in all tested liver enzymes

compared to the infected group D. While 25 Krad irradiated larvae showed

mild protective effect on liver.
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In the present study, our data showed proportional negative relation

between all the liver enzymes and the dose of γ-radiation in the 

vaccinated/non challenged subgroups A2, B2 and C2.The increase of the dose

of γ -radiation gave less damage effect on the liver function. Subgroup A2

showed high significant difference (P<0.001) and subgroup B2 showed

significant difference (P< 0.05) while subgroup C2 showed no significant

difference from the normal group E. This affection of the liver enzymes may

be due to the antigenic effect of the attenuated larvae. According to Kamal et

al. (1991), the increase in the dose of irradiation leads to short and limited

life-span of the attenuated organisms with more damage of the larvae and

sequence decrease in its toxic and pathologic effects on the liver.

IV. Immunological Parameters:

The immune response againest schistosoma infection is a complicated

reaction that involves the recruitment of various epitops and the activation of

different types of cells with different levels of cytokine production.

It is worth-mentioning that there is no unifying mechanism

underlying protective immune responses to infection or re-infection with

helminthes. In animal models, Th2 responses are critical for mediating

immunity to helminthes, whereas Th1 type responses are necessary for

vaccine induced protection in schistosomiasis. The data in human

schistosomiasis contradict the findings in mice. In human schistosomiasis

resistance appears to be associated with both elevated IgE and eosinophilia.

Generally, both Th1 and Th2 type responses are required to act

(Yazdanbakhsh, 1993).
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Mwath et al. (1998) reported that S. mansoni egg is a powerful

stimulus to the Th1 type cytokine response. It had been reported that the

protective effect was restricted to a Th2 associated cytokine production. In

addition, a number of the Th2 cytokine had been showen to limit the

expression and activity of the Th1 cells.

In some reports, Th1 and Th2 were both involved in antischistosomal

immunity (Hoffmann et al., 1999). In other reports, Th1 directly participated

in granuloma formation while it provided protection against schistosomes

(Townsend et al., 2000).

Helmy et al. (2005) reported that vaccination of mice with irradiated

schistosomula or cercariae caused a remarkable increase in lymphocytes

proliferation response to S. mansoni antigen.

(i) Interleukin – 10 (IL-10):

The role of IL-10 is a key agent in the control of excessive

inflammation and immune-related immunopathogenesis. One of the many

essentail functions of IL-10 during an immune response is to regulate the

development of CD4 and T cell response. Several cytokine bloking and gene

knockout studies showed that IL-10 is an in large part responsible for the

establishment of the polarized Th2 response that characterizes helminthic

infections. The Th2 associated cytokines IL-4, IL-5, TNF-α and IL-10 play 

important roles in the pathogenesis of schistosomiasis (Hoffmann et al.,

2000).

The current study suggests a role of radiation attenuated

schistosomula to induce the IL-10 in the host immune regulation. The
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infected group D recorded highly significant increase in IL-10 level (P<

0.001) as compared to normal group E. On other hand, there were high

significant decrease between all vaccinated/challenged subgroups A1 B1 and

C1 and the control infected group D (P<0.001). The significant increase in

IL-10 level in the three immunized groups compared to the normal level but

less than infected group these are inagreement with Silveira et al. (2004).

The authers reported that the intensity of infection (egg/gm) palys a role on

the production of cytokines such as IFN-γ and IL-10 and suggested that IL-

10 is an important cytokine in the control of the T helper cell (Th1)

responses during human S. mansoni infection, shifting the immune response

Th1 to Th2 in chronic infected individuals.

In this study, the production of IL-10 in mice exposed to irradiated

schistosomules has an important role in controlling mediated immune events

that in turn govern the sclae of the Th1 and Th2 type protective immune

response. On comparing the vaccinated/non challenged subgrougs A2 B2 and

C2 with normal group E, they also showed high significant difference

(P<0.001).

Ramaswamy et al. (2000) reported that infection with irradiated

antigen stimulats marked inflammatory response in skin, resulting in

delaying migration of the parasite through the skin. This inflammatory

response could be considered as one of the underlying causes of the

elevation serum IL-10.

Beyond the acute stage of infection, IL-10 plays an important role in

this stage, although improved, prolonged or more targeted delivery of Il-10

by regulatory T cells at the site of granuloma formation might play a role in
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the mechanism of regulation the Th2 cytokines. It has been proposed that IL-

10 is a key player in the polarization of both T1 and T2 responses in

vaccination studies (Wynn & Hoffmann, 2000).

This data was confirmed by Hoffmann et al. (2000) who observed the

requirement for IL-10 is critical in several important human diseases

including schistosomiasis, where a marked increase in host morbidity and

mortality. In murine schistosomiasis mansoni, IL-10 reduced hepatocyte

damage induced by the parasite,ۥs eggs and is essential for maintaining a non

lethal chronic infection (Dobison, 2006).

In immunized animals mRNA for IL-10 was increased in the skin

within 16 hours after infection. IL-10 has been implicated in the down-

regulatuion of various immune responses against S. mansoni by modulating

Th1 type response (Montenegro et al., 1999). They added that the role of IL-

10 in the suppression of Th1 cytokine synthesis (IFN-γ, IL-2) in murine and 

human has already been reported (Hogg et al., 2003).

Alonso et al. (2006) also found a potential association between the

level of fibrosis and intensity of infection and cytokine production of IL-10.

In addition, IL-10 is a crucial agent in the down-modulation of immune

response and immunopathology that defines the transmition from acute to

chronic disease, since it regulates not only the intensity of hepatic

inflammation, but also granuloma organization and cohesiveness (Sadler et

al., 2003).

This data showed an increase in TNF-α and IL-10 cytokines as a result 

of granuloma formation in infected mice. This was confirmed by Falcon et

al. (2007) who noticed that the enhanced inflammatory response due to
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increased TNF-α production. The TNF-α is likely candidates given their 

enhanced expression in IL-10 in infected mice with S. mansoni and play an

important role in the granulomatous response.

(ii) Tumour necrosis factor alpha (TNF-α): 

This cytokine secreted by monocytes and activated macrophages plays

an active role in parasitic infections and serves as a host defence machanism.

It is involved in several mechanisms combating the helminth parasites S.

mansoni and S. haematobium. It has been identified as a potential mediator

of granuloma formation (Davies et al., 2004). Furthermore, TNF-α has been 

showen to induce the expression of cellular adhesion molecules on multiple

cell type, which is likely important cellular recruitment (Mansy, 1998). The

major effector mechanisms involved the release of toxic molecules by

macrophages and /or eosinophils such as reactive oxygen species as

superoxide and hydroxyl adicals and nitric oxide (Hall et al., 2004).

Hoffman et al. (1998) stated that TNF-α could participate in 

inflammatory activities, cell toxicity and increasing NK function, as well as

its protective effects against immunopathology in the early stage of

infection. Hepatic expression of TNF-α and schistosome egg granuloma 

formation is dependent on immune priming by adult S. mansoni worms

prior to egg depostion and that hepatic expression of TNF-α is a reaction to 

adult worms, but not eggs Leptak and Mckerrow (1997).

The results in this study showed a high significance increase in serum

TNF-α in control infected group D mice relative to normal group E (P< 

0.001). These findings were in agree with the work of Abdel Azim et al.
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(1995) who reported that TNF-α was significantly higher in infected group 

than in control normal group. Dejesus et al. (2002) and Wamachi et al.

(2004)   found that TNF-α levels were elevated in 87% of patients with acute 

disease than in those of patients with chronic schistosomiasis. The authers

suggested that the contact of activated macrophages with the Schistosome

worms provides the necessary stimulation for the release of TNF directly to

the surface of the parasite (James et al., 1987).

These results also showed high significant difference between all

vaccinated/challenged subgroups A1, B1 and C1 (P<0.001) compared to the

infected control group D. Also, subgroup B1 (20 Krad) showed lower level

of TNF-α than subgroups A1 and C1. On comparing the vaccinated/non

challenged subgroups A2, B2 and C2 with control normal group E, the present

study showed high significant difference in both subgroups A2, B2 as P<

0.001 while subgroup C2 gave no significant difference. This increase in the

level of cytokines in vaccinated/non challenged subgroups may be due to the

immunogic effect of the living attenuated larvae which was recognized as

protein antigen.

In this study the level of the cytokines IL-10 and TNF-α were higher 

in the vaccinated challenged groups than in vaccinated non-challenged

groups. This may be explained by the cercarial exposures after vaccination

trigger more immunoregulatory mechanisms. In agreement with this,

Pemberton et al. (1995) who had showen that a challenge of vaccinated mice

enhances production of T helper cell type 2 while depress production of T

helper 1 cytokines. Further more, IL-10 can inhibit antigen-induced IFN-γ 

production by Nk cell by inhibiting not only production but also the
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stimulatory affects of IL-12 and TNF on IFN-γ production (Thomson & 

Lotze, 2003).

Hess et al. (2004) showed that IL-10 is generated by both innate and

adaptive immune response following infection, with both sources regulating

the development of type-2 immunity, immune-mediated pathology and

survival of the infected host.

Lundy et al. (2001) reported that the reduced fibrosis appeared to

correlate more with the presence of TNF-α and egg-induced inflammation 

may be more dependent upon the production of Th2 cytokines. These

findings add to the growing evidence for a partial dissociation of granuloma

size and hepatic fibrosis in vaccinated groups compared to control infectd

group D.

These results demonstrate that while IL-10 essential for immune

down-modulation in schistosomiasis, the cytokine has an important role in

regulating early acute disease as well as the character of the developing

immune response this result coincide with Ramaswamy (2007) who

suggested that TNF-α production was also augmentd by IL-10 levels where 

respons is necessary for granuloma formation and appears to play an

essential host-protective role in schistosomiasis.

In the present study synchronization between TNF-α and IL-10 was 

appeared in both factors. This result agrees with those of Kresina et al.

(1992) who found that IL-10 and TNF, mediates changes in hepatic

metabolism. Generally in hepatic fibrosis, the lack of liver clearance

function results in increased serum cytokime level.
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The data in this study revealed that TNF-α play a critical role in 

controlling granulomatous reaction in response to S. mansoni infection. This

role explained by Kresina et al. (1992) and Pearce et al. (2002) who reported

that the secretion of TNF-α  triggered by larvae and adult worms during the 

initial phase of the immune response is essential for controlling the

inflamatory reaction, that leads to granuloma formation in the liver.

Such results are in agreement with Sabin (2006) who found that the

IL-10 in large part responsible for TNF-α expression in infected mice. These 

findings were also agree with Dunne (1999) who stated that the early Th1

type response is an essential components of the acute granulomatous

response, and that immune modulation occures as a result of the down-

regulation of Th1 response.
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SUMMARY

No doubt, schistosomiasis tops all the endemic parasitic diseases

world-wide particularly in Egypt. A schistosome vaccine would provide a

useful tool for the control and eradication of S. mansoni. The present study

aimed to evaluate the efficacy of irradiated schistosomula with different

doses of gamma radiations as a vaccine in eliciting immunity against S.

mansoni infection and to assess these immune responses in challenged mice

after vaccination through different parameters.

One hundred and fifty male albino mice were classified into five

experimental groups.

Group A: included 30 mice subgrouped as follow:

-Subgroup (A1): included 15 mice each vaccinated by S.C. injection

with 15 Krad irradiated schistosomules and challenged after 4 weeks by S.C.

injection of S. mansoni cercariae 100/mouse.

-Subgroup (A2): included 15 mice each vaccinated by S.C. injection

with 15 Krad irradiated schistosomules served as vaccine control.

Group B: included 30 mice subgrouped as follow:

-Subgroup (B1): included 15 mice each vaccinated by S.C. injection

with 20 Krad irradiated schistosomules and challenged after 4 weeks by S.C.

injection of S. mansoni cercariae 100/mouse.

-Subgroup (B2): included 15 mice each vaccinated by S.C. injection

with 20 Krad irradiated schistosomules served as control vaccine.
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Group C: included 30 mice subgrouped as follow:

-Subgroup (C1): included 15 mice each vaccinated by S.C. injection

with 25 Krad irradiated schistosomules and challenged after 4 weeks by S.C.

injection of S. mansoni cercariae 100/mouse.

-Subgroup (C2): included 15 mice each vaccinated by S.C. injection

with 25 Krad irradiated schistosomules served as control vaccine.

Group D: included 30 mice infected with S. mansoni cercariae 100/mouse

S.C. injection serve as infected control.

Group E: Naïve group formed of 30 non infected mice.

S. mansoni schistosomula were attenuated by irradiation using Indian

Cobalt-60 gamma chamber 4000 A irradiator. They were exposed to 15

Krad at 0.7125 /h, 20 Krad at 0.9125 /H and 25 Krad at 1.125 /h at the time

of experimentation.

All animals were sacrified after 8 weeks post challenge infection.

Determination of the effect of vaccine was investigated on the basis of

parasitological, histopathological, biochemical and immunological

parameters as follows:

I. Parasitological parameter:

The parasitological studies include analysis of:

(a) Worm burden and determination of percentage reduction to evaluate the

level of protection to challenge infection. (b) Morphological changes among

recovered worms through ordinary and scanning electron microscopial
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(SEM) studies. (c) Oogram pattern and viability of the ova and (d) Ova

count /gram liver and intestine.

The mean findings were:

(a) Worm burden:

The results indicated that the number of the total worms in the three

immunized groups were extremely lower than those in the control infected

group (D). It also revealed that the total number of male, female and couples

are lower in group B (20 Krad) than that in both group A (15Krad) and

group C (25Krad) While, this group showed high level of abnormal worms.

Also, the total numbers of male, female, couples are lower in group C

(25Krad) than in group A (15 krad).

It was found that vaccination of mice with 20 Krad gamma irradiated

schistosomules induced high level of protection to challenge infection which

was 74.6% reduction in the total worm burden, while the reduction in mice

vaccinated with 25 krad irradiated schistosomules was 60.3%. The lowest

level of reduction in worm burden was in the mice vaccinated with 15 Krad

irradiated schistosomules 43.6%.

Vaccination with 20 Krad irradiated schistosomulae gave high

significant difference in compareson to control group in the total worm with

P<0.001. Vaccination with 25Krad irradiated schistosomules gave

significant difference with P<0.01, While vaccination of mice with 15 Krad

irradiated schistosomules gave significat difference with P<0.05.
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(b) Morphological changes:

Regarding the effect of vaccination on morphology of worms by

means of ordinary microscopic studies, there were prononunced effects in

the form of stuntedness, erratic and fragile worm. While on using scanning

electron microscope, tegumental damage, loss of spines with destruction of

suckers, gynecoventral duct and completely disappeared tubercles. These

observations were higly pronounced in worms of group B with 20 Krad

vaccinated mice than those in 25 Krad vaccinated mice and the least effects

were in worms recovered from 15 Krad vaccinated mice group.

(c)Oogram pattern:

Regarding the effect of vaccination on the tissue bound ova pattern it

was found that vaccination with the three different doses gave high reduction

of mature ova than those recorded in the control group. This was

accompanied by an increase in immature and dead ova in all vaccinated

groups than control one. The high % of immature ova and the dead ova was

70.2% and 16.5% respectively in the group B vaccinated with 20 Krad

irradiated schistosomules and in group C 25 Krad was 71.1% and 12.7%

respectively while in group A 15 Krad was 66.5% and 8.9%.

(D) Egg count/gm liver and intestine:

Regarding the egg count in the liver, there were high significant

difference with P<0.001 in the vaccinated groups B (20 krad) and C (25

Krad) and significant difference with P<0.05 in vaccinated group A (15

Krad). The % of reduction in the egg count in liver was higher in group B 20

Krad irradiated schistosomules (91.1%) than 25 Krad irradiated group C
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(87.2%) which was more than 15 Krad irradiated group A (56.4%). Also, the

egg count in the intestine showed high significant difference in both groups

B and C with P<0.01. While, group A showed significant difference with P<

0.05. The percentage of reduction in the three groups A, B and C were

66.8%, 92.7% and 88.8% respectively.

II. Histopathological study:

As regard the histopathological studies for the livers of the different

mice groups, a recorded reduction in number, diameter and collagen content

of granuloma in all vaccinated groups if compared to that of control group.

Group B and C (20 and 25 Krad) irradiated schistosomules showed high

significant difference as p<0.001 with minimal or mild cellular infiltration of

the portal tract. While group A (15 Krad) irradiated schistosomules showed

high significant difference with p<0.001 in granuloma diameter, and no

significant difference in both granuloma number and collagen content with

moderate fibro-cellular indfiltration. No histopathological changes could be

observed in livers of mice received vaccination only (vaccinated non

challenged groups).

III. Biochemical Study:

All liver enzymes (AST, ALT, γ-GT and ALP) were lower in

vaccinated groups than in control infected group. The group vaccinated with

20 Krad irradiated schistosomules showed low level of all enzymes than

both 25 and 15 Krad irradiated groups. Vaccinated non challenged mice

groups showed also elevation in all liver enzymes with negative proportional

relation. This increase was explained due to antigenic effect of the

attenuated larvae.
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IV.The immunological study:

(i) Interleukin – 10 (IL-10):

The secretion of this cytokine in all vaccinated groups showed high

significant reduction with P<0.001 than infected control group. Group

immunized with 20 Krad irradiated schistosomules gave Il-10 level lower

than both 15 and 25 Krad irradiated group.

(ii) Tumour necrosis factor alpha (TNF-α): 

TNF-α was higher in all vaccinated groups than normal group but the 

level was lower in all vaccinated groups than control infected group

p<0.001.

It was reported that this increase in the cytokines plays an important

role in granuloma formation and essential for controlling the inflammatory

reactions.

Vaccinated non challenged mice groups showed elevation in both

cytokines but less than in vaccinated challenged groups. This may be

explained by the cercarial exposures after vaccination trigger more

immunoregulatory mechanisms.
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Conclusions and Recommendations

Conclusions

From the forgoing results it can be judged that schistosomiasis control

represent the main target research program allover the world. The control

can be achieved by vaccination. Up till now no method of vaccination has

yet proved to be totally effective since they gave partial and low levels of

protection against S. mansoni infection.

Also, although experimental animal models have been very useful in

allowing identification of various candidate vaccines and the demonstration

of a range of potentially protective immune response, the response of each

animal to vaccine differs from one animal to another and can be taken

necessary to reflect the protective responses that might occure in man. So,

partial studies on human beings are very necessary.

Radiation is a good tool which can be used in peaceful aims as

preparation of vaccines against parasitic infection. It was able to produce a

strong reproducible, specific and protective immunization with heavily

irradiated schistosomula or cercariae

Immunity to schistosomiasis is a complex, multifactorial equation.

Using irradiated Lung-stage schistosomulae as a vaccine is effective in

preventing infection and bringing a satisfactory reduction in the prevalence

of the disease. It provides many complementary goals: marked reduction in

worm burden, reduction of egg load, egg-induced the pathology and mild

associated histological changes in the liver tissues. This also was
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accompanied by reduction in the liver enzymes and specific cytokines IL-10

and TNF-α. 

Recommendations

On the light of the previously mentioned facts, the following can be

emphasized: (a) nowadays, no potent streilizing vaccine against S. mansoni

infection which is the second species present in Egypt. (b) The previous

efforts on vaccination have made a great deal of progress in area of

understanding many mechanisms of immunity whether defense by the host

or evasive by the worm and those may offer in the future main basis for

development of potent and proper antischistosomal vaccine. (c) It is

recommended to use 20 Krad irradiated schistosomules as a vaccine. (d)

Further studies are going to evaluate stability, safty and efficacy of the

vaccine against schistosomiasis. If these studies further proved that

irradiated vaccine is a promising vaccine, this will give a new hope for

evaluation of antischistosomal vaccine in the near future. (c) Trials must be

done on infected human in the near future.
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الملخص العربى

:المقدمة

تعتبر االصابة بمرض البلھارسیا من أكبر المشاكل الصحیة فى مصر لذلك فھناك حاجة           

 .ملحة للحصول على تطعیم واقى خاصة بعد ظھور أنواع من الطفیل مقاومة للعقارات الكیمیائیة

أثیرھا على الجھاز المناعى وعدم وجود ویجب أن یكون ھذا التطعیم امن بطرق حدیثة بحیث یكون ت

ضرار تتداخل مع الحمایة من ھذا المرض المتوطن فى مصرأ

              وقد أوضحت بعض الدراسات أن تطعیم الفئران بالیرقات المشععة بطفیل البلھارسیا

                                       .یعطى نتائج أفضل فى المقاومة من تطعیمھا بالدیدان البالغة المشععة

:ھدف من البحثال

دراسة تاثیر التطعیم بیرقات طفیل البلھارسیا المضعفة خالل تعرضھا لجرعات مختلفة من األشعة 

وذلك  مستقیمعلى حمایة الفئران من األصابة بمرض بلھارسیا ال )كیلو راد 25و 20 و15( الجامیة

.بدراسة التأثیر على كل من الطفیل و العائل

:خطة البحث

جرام تقریبا  25-20من  تتراوح أسابیع وأوزانھم 4 أعمارھم ) ذكر(فأر150 التجارب على  تم إجراء 

: خمس مجموعات إلىقسمت 
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:فأروقد تم تقسیمھم الى 30تتكون من : مجموعة أولى
.

كیلوراد من  15طعیمھم بیرقات طفیل البلھارسیا المشععة بجرعة فأر یتم ت 15تتكون من :  1مجموعة أ

.تم احداث العدوى لھا بالسركاریا الحیة بعد أربع أسابیعاألشعة الجامیة ثم 

كیلوراد من 15عة تم تطعیمھم بیرقات طفیل البلھارسیا المشععة بجرفأر  15تتكون من :  2مجموعة أ

لھم األشعة الجامیة بدون احداث عدوى 

:تم تقسیمھم الىفأر  30تتكون من  :مجموعة ثانیة

كیلوراد من  20تم تطعیمھم بیرقات طفیل البلھارسیا المشععة بجرعةفأر  15تتكون من  : 1مجموعة ب

.ثم یتم احداث العدوى لھا بالسركاریا الحیة بعد أربع أسابیعاألشعة الجامیة 

األشعة كیلوراد من 20م بیرقات طفیل البلھارسیا المشععة بجرعةتم تطعیمھفأر  15تتكون من :  2مجموعة ب

لھم الجامیة بدون احداث عدوى

:فأر یتم تقسیمھم الى30تتكون من  : مجموعة ثالثة

كیلوراد من25فأر یتم تطعیمھم بیرقات طفیل البلھارسیا المشععة بجرعة 15تتكون من :  1مجموعة ج 

.داث العدوى لھا بالسركاریا الحیة بعد أربع أسابیعثم یتم اح.األشعة الجامیة 

كیلوراد من25جرعةفأر یتم تطعیمھم بیرقات طفیل البلھارسیا المشععة ب 15تتكون من :  2مجموعة ج

األشعة الجامیة بدون احداث عدوىلھم 

ركاریا فأر یتم إحداث المرض لھا عن طریق الس 30وھى مجموعة ضابطة تتكون من  : مجموعة رابعة 
.الحیة

.فأر وھى مجموعة لم تتعرض الى تطعیم أو عدوى 30تتكون من  :مجموعة خامسة 
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 أسابیع 8الفئران بعد  وقد تم تضعیف یرقات البلھارسیا باستخدام المصدر الجامى األشعاعى وتم تشریح

:یةمن العدوى و  أجراء الدراسات اآلت

(1)  ھاوتم فیدراسة طفیلیة 

1- طبیعیةدد الكلى للدیدان وعدد كل من الذكور وألناث والدیدان المتزاوجة والغیر أحصاء الع -1

أحصاء غدد البویضات فى نسیج الكبد واألمعاء  -2

قیاس معدل التبویض وھو قیاس مراحل النمو المتتبعة للبویضة داخل الكبد -3

دراسة التغیرات المورفولوجیة فى الدیدان المستخلصة -4

 )ج,ب,أ(الموجودة فى المجموعات المطعمة) مزدوجة-أناث -ذكور(د أن متوسط عدد الدیدان قد وجو

كما أظھرت . ,..1حیث كانت الداللة األحصائیة ب أقل من  د أقل من عددھم فى المجموعة الضابطة

طفیل األناث والدیدان المتزاوج والغیر طبیعیة كان أقل فى المجموعة ب الكحصنة بأن عدد الذكور و

كیلو راد وان ) 25(وج ) 15(كیلو راد من كل من المجموعتیتن أ 20البلھارسیا المشعع بجرعة 

المجموعة ج كانت أفضل فى نتائجھا من المجموعة أ

دراسة التغیرات الھستوباثولوجیة المصاحبة فى نسیج الكبد (2)

 ھا فىجموعات المحصنة عنفى جمیع الم) جرانیولوم(وقد اظھرت نقص فى عدد وحجم الدرنات 

مع أقل نسبة أصابة فى كبد فئران المجموعة ب المجموعة الضابطة

(3)  دراسة التغیرات الكیمیائیة المصاحبة فى انزیمات الكبد

دراسة بعض السیتوكینالفئران عن طریق  دراسة التأثیر المناعى فى) 4(

                                                                                                (IL-10, TNF-α)
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وقد أوضحت الدراسة مدى فعالیة اللقاح المشعع فى رفع الحث المناعى وزیادة األستجابات المناعیة حیث

الضابطة كما كانت   فى المجموعة ى كل المجموعات المحصنة عنھاتوكین فالت السیدحدث أنخفاض فى مع 

أفضل النتائج فى المجموعات ھى ب

:التوصیات

•                             ن ضد البلھارسیا المعویةطفیل البلھارسیا المشععة للتحصی أمكانیة أستخدام

•                                                       كیلو راد كجرعة مناسبة للتطعیم 20یوصى باستخدام 
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Table (2) Examples of cytokines (Roitt et al.1989

and Hoffmann et al., 1998):

Cytokins Main source Function
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IL-1

IL-2

IL-3

IL-4

IL-5

IL-6

Il-9

IL-10

IL-12

Il-13

IFN- γ 

TNF – α 

TNF-β 

GM-CSF

Many cells

T cells(Th1)

T cells (Th1,Th2)

T cells (Th2)

T cells (Th2)

T cells (Th2)

T cells(Th2)

T cells (Th2)

T cells Th1, Macrophages)

T cells (Th2)

T cells (Th1)

NK cells

Macrophages

T cells (Th1)

Many cells (Th1, Th2)

Activation, regulation and inflammation

Stimulates T cells, B cell, macrophages, and

T cell proliferation.

Pluripotent colony stimulating factors

stimulate B cells.

Stimulates T and B cells, induces IgE, mast

cell development, enhances MHC expression and

down-regulates Th1 cells.

Stimulates B cells, induces IgA, Eosinophil

colony stimulating factor

Activates mature eosinophil.

Stimulates T cells, B cells and granulocyte,

Induces acute phasde proteins.

Mast cell development.

Down-regulates Th1 cells.

Stimulates release of IFN- IFN- γ, and B cells.

Suppresses macrophages cytotoxicity down-

regulates production of IFN- γ and Il-12. 

Activates macrophages, enhances MHC

expression, stimulates B cells, induces acute

phase proteins, down redulates Th2 cells.

Inflammation, cytotoxicity, cytokine release.

Inflammation, cytotoxicity, cytokine release.

Myeloid cell colonies in bone marrow.
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