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Abstract 
      Control of schistosomiasis would be greatly improved by the development of a vaccine, 

which could be combined with chemotherapy. The current study evaluated the potential effect of 

soluble egg antigens (SEA) associated with or without PZQ in Schistosoma mansoni challenged 

mice through parasitological, histopathological and serological studies. Sixty Swiss albino fe-

male mice divided into 5 groups (12 mice each); each group was subdivided into 2 groups (6 

mice each) according initial and challenged infections. Mice were sacrificed by rapid decapita-

tion 8 weeks post initial and challenge infections for assessment. The current results showed 

marked reduction of egg counts per gram stool, worm burden, granuloma number and size in 

combined SEA and PZQ group. Also, significant increase in serum IL-12 & INF-γ, plus marked 

decrease in serum IL-4 during initial and challenged infections. The role of PZQ alone was 

mainly during primary infection and had no role in reinfection, whereas, SEA alone was effec-

tive during challenged one. In conclusion, from the obtained results of the current study the 

combination of SEA & PZQ was as a possible potent and promising prophylactic treatment for 

schistosomiasis especially during re-infection in endemic areas. This prophylactic effect was 

significantly greater than those observed in the single drug treatment or vaccine used.  

Keywords: Schistosomiasis, Soluble Egg Antigen, Cytokines, Vaccine, Praziquantel, IL-12, 

INFγ, IL-4. 
 

Introduction 
    Schistosomiasis is the third tropical dis-

ease in the world, following malaria and in-

testinal helminthiasis; that cause significant 

morbidity and mortality (WHO, 2016). 

  Praziquantel (PZQ) is the drug of choice 

for treating all species of schistosomes, be-

cause of its efficacy, ease of administration, 

safety, and low cost which enhances im-

mune responses to crude schistosome anti-

gens (Wang et al, 2012). However, PZQ 

kills only adult Schistosoma worms, not ju-

venile stages; also, is unable to prevent rein-

fections in humans and does not have 

prophylactic effects. Hence, there is an ur-

gent demand for novel vaccines and strate-

gies for the prevention of schistosomiasis as 

well as related reinfections. Improved hel-

minth control is required to improve the 

global burden of schistosomiasis and its pa-

thologies (Yepes et al, 2015).  

   Immunization against schistoromiasis us-

ing soluble egg antigens (SEA) were studied 

in mice with the initiation of variable levels 

of protection against infection that causes 

reduction in worm burden, intestinal egg 

load and liver pathology (Garcia et al, 2008). 

Immunization was able to induce more than 

67% protection, but the existence of at least 

partly protective immunity would make a 

reasonable complement to drug therapy 

(Bergquist et al, 2008). 

   Cytokines production after parasite antigen 

stimulation reflects a dominant T helper 1 

(Th1) response, with production of interfer-

on-γ (IFN-γ) and interleukin-12 (IL-12) 

(Caldas et al, 2008). Thus, during the acute 

phase of the disease, the upper hand is for 

Th1 response, producing elevated levels of 

Th1 cytokines in the plasma (Pearce and 

MacDonald, 2002).  Then, in the natural 

progression of the disease, after egg laying, 

the initial Th1 response is followed by a de-

veloping egg antigen-induced regulatory T 

helper 2 (Th2) response that down regulates 

the production and effector functions of the 
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pro-inflammatory Th1 mediators with ac-

companying granuloma formation (Anthony 

et al, 2012).  

   Schistosomiasis treated with praziquantel 

resulted in changes in parasite specific hu-

moral and cellular immune responses. This 

change is believed to be due to an increase 

in the amount of antigen exposed to the im-

munity by treatment and a removal of im-

munosuppressive effects of mature worm 

(Mutapi, 2001). Some of the changes occur-

ring following treatment have been associat-

ed with resistance to infection or re-infection 

(Bourke et al, 2014). Schistosomiasis treated 

with PZQ complemented with immunization 

resulted in significant reduction of worm 

burden and rise of specific immunoglobulins 

potentiated an anti-pathology effect that 

minimized and ameliorated liver (Teixeira 

de Melo et al, 2010).  The combination of 

protection using SEA and treatment was 

recommended in several studies as it provid-

ed many complementary goals, a reduction 

of egg induced pathology, minimal paren-

chymal changes and the eradication of 

worms (Rabia et al, 2010).  Immunization 

with recombinant tegument nucleotidases 

associated with praziquantel treatment was 

the most immunogenic than each alone. It 

induced the highest antibody levels, mainly 

IgG1, associated with high TNF-α and a 

Th17 (Rofatto et al, 2013). 

   The combination of PZQ and SEA vac-

cinated Schistosoma mansoni infected mice 

enhance the cytokine patterns, reduction of 

egg induced pathology and eradication of 

worms thus prevention of reinfection. The 

current study aimed to evaluate the potential 

effect of soluble egg antigen (SEA) associ-

ated with or without PZQ in Schistosoma 

mansoni challenged mice through parasito-

logical, histopathological and serological 

studies (cytokine patterns). 

Materials and Methods 
   Study type: Non randomized control trial 

experimental study was performed at the 

laboratories of Parasitology Department, 

Faculty of Medicine, Zagazig University and 

Theodor Bilharz Research Institute (TBRI) 

from November 2015 to July 2016. Cercari-

ae of S. mansoni (Egyptian strain) were ob-

tained from Biomphalaria alexandrina ex-

perimentally infected snails, provided by 

Schistosome Biological Supply Program 

Unit (SBSP), TBRI. 

   Sixty laboratory bred Swiss albino female 

mice (aged 8 to 10 weeks and weighing 18 

to 20 g each) were used in this study. Mice 

were fed on standard diet with free accessi-

bility to water at SBSP Unit, TBRI, Giza, 

Egypt.  

   Infection: Mice were initially infected with 

±100 S. mansoni cercariae by tail immersion 

method (Liang et al, 1987) and were chal-

lenged with ±100 S. mansoni cercariae by 

the tail immersion method 8weeks post ini-

tial infection. 

   In vaccinated groups, infection was done 

2weeks after the last dose of vaccination. 

  SEA antigens preparation and administra-

tion (Boros and Warren, 1970): soluble egg 

antigen (SEA) was prepared at the SBSP 

Unit, TBRI. The total protein content of 

SEA preparation was determined according 

to Bradford (1976). The vaccination sched-

ule was performed (Nabih and Soliman, 

1986). Each mouse was injected subcutane-

ously by 200μl of SEA as the initial dose 

with total antigen concentration contained 

30 μg proteins. A second subcutaneous in-

jection (booster dose) of 200 μl of the same 

antigen was given after two weeks contain-

ing 20μg proteins; hence, each mouse rece- 

ived a total antigen dose of 50μg protein. 

   Praziquantel (PZQ) used was distocide 

(EPICO, Egypt). The drug was given in the 

form of aqueous suspension (in 3% ethanol 

and 7% Tween 80 at a concentration of 40 

g/L), 500mg/kg single oral dose 6weeks post 

initial infection by means of polythene tube 

fitted to a tuberculin syringe. 

   Experimental design: Sixty Swiss albino 

female mice divided into 5 groups (12 mice 

each); each group was subdivided into two 

groups (6 mice each) according initial (1) and 

challenged infections (Tab. 1) Control hea-
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lthy (GC) uninfected unvaccinated untreated 

control, subdivided into C1 & C2. Control 

infected (GCI) S. mansoni infected unvac-

cinated untreated; subdivided into CI1& CI2. 

Infected Treated (GIT) infected mice then 

treated with PZQ (500mg/kg); subdivided 

into GIT1 & GIT2. Vaccinated Infected 

(GVI1) vaccinated with SEA (50ug) then 

infected subdivided into VI1 & VI2. Vac-

cinated Infected Treated (VIT) vaccinated 

with SEA (50ug), infected then treated with 

PZQ (500mg/kg) subdivided into VIT1 & 

VIT2. 

  Study assessment: Mice were sacrificed by 

rapid decapitation 8 weeks post initial and 

challenge infections for assessment by para-

sitological and histopathological and sero-

logical studies. 

  Parasitologically: Egg count per gram stool 

was done by Kato thick smear method (Katz 

et al, 1972) for each mouse started 6
th

 w post 

infection to ensure establishment of infec-

tion and as a follow up. Worm burden perfu-

sion mature adult worms from the liver and 

porto-mesenteric system was performed 8 

weeks after infection (Duvall and Dewitt, 

1967). The degree of protection (% reduc-

tion of worms) was calculated as follows: P 

(%R) = C-T/C×100. P = the percentage pro-

tection, C = the mean number of adults re-

covered from infected mice and T was the 

mean of adults recovered from tested mice 

groups (Tendler et al, 1986). 

   Histopathologically: The liver was remo-

ved from each one of the sacrificed mice, 

rinsed with phosphate-buffered saline, and 

fixed in Bouin fluid for 4 h, and then trans-

ferred to 70% alcohol for several days. After 

dehydration in absolute alcohol and clearing 

in xylol, it was embedded in paraffin wax, 

and sectioned at a thickness of 5 μm. Sec-

tions were stained with hematoxylin and eo-

sin (H&E), and examined for peri-ocular 

granulomas. The diameter of granulomas 

was measured using an ocular micrometer. 

This was done only for granulomas contain-

ing ova in their centers and not for confluent 

ones. The mean diameter for each group was 

calculated. Granuloma count was deter-

mined in five successive fields of magnifica-

tion, from serial tissue sections more than 

25μm apart (Von Lichtenberg, 1962). The 

percent reduction in granuloma diameter rel-

ative to infected control was calculated as 

follows: % reduction of granuloma diameter 

= mean diameter of controls - mean diame-

ter of tested groups / mean diameter of con-

trol group x 100.  

   Serologically: Cytokine measurements: 

Serum levels of IL-12, IFN-γ and IL-4 (Bio-

Source International, Inc., Camarillo, Cali-

fornia, USA) were estimated by enzyme 

linked immunosorbent assays (ELISA) ac-

cording to the manufacturer’s instructions. 

These assays employ the quantitative sand-

wich enzyme immune assays. Optical densi-

ty (OD) values were measured at 450nm and 

serum IL-12, IFN-γ and IL-4 concentrations 

determined from the standard curves. The 

sensitivity cut-off values for each of cyto-

kines were IL-12 (15pg/ml), IFN-γ (20pg/ 

ml) and IL-4 (12 pg/ml). 

   Animal ethics: Experimental animals were 

used in this study according to international 

guidelines approved by the Ethics Commit-

tee for Animal Experimentation, Faculty of 

Medicine, Zagazig University. 

   Statistical analysis: Data checked and ana-

lyzed using SPSS version 19 windows and 

expressed as mean ± standard deviation 

(SD). The statistical significance of differen-

tial data between experimental groups and 

controls was determined by an unpaired 

Student’s t test. P < 0.05 was considered 

significant and p˂0.001was considered high-

ly significant. 

Results 
   The mean egg count for eggs per gram 

stools (EPG) and % of their reduction 

showed no significant difference between 

GIT and GCI during challenged infection, 

with slight decrease (p˂0.05) during initial 

one. On the other hand, GVI showed high 

significant difference (p˂0.001) compared to 

GCI during challenged infection, with slight 

decrease during initial one (p˂0.05). GVIT 
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showed the highest significant difference 

(p˂0.001) compared to CI with more reduc-

tion in GVIT compared to GVI during initial 

and challenged infections with more reduc-

tion during challenged one (Tab. 2). 

   The total number of worms and the per-

cent reduction of worm burden showed high 

significant difference (p˂0.01) between and 

GIT and GCI during initial infection while 

this reduction decreased during challenged 

one (p˂0.05). Whereas, GVI showed high 

significant difference (p˂0.001) compared to 

GCI during challenged infection, with slight 

decrease during initial one (p˂0.05). But, 

GVIT showed the highest significant differ-

ence (p˂0.001) compared to GCI during ini-

tial and challenged infections with more re-

duction during challenged one (Tab.3). 

      Granuloma number in GIT showed no 

significant difference compared to GCI dur-

ing challenged infection, but with significant 

reduction during initial one (p˂0.05). On the 

opposite, GVI showed no significant differ-

ence compared to GCI during initial infec-

tion, but with significant reduction during 

challenged one (p˂0.05). On the other hand, 

GVIT showed highest significant difference 

(p˂0.001) compared to GCI during initial 

and challenged infections with more reduc-

tion during challenged one (Tab. 4; Fig. 1). 

Although granuloma diameter showed slight 

decrease in GIT compared to GCI (p˂0.05) 

during initial infection, there was no signifi-

cant difference during challenged one. On 

the other hand, GVI showed significant dif-

ference (p˂0.05) compared to GCI during 

initial and challenged infections with more 

reduction during challenged one. While, 

GVIT showed highest significant difference 

(p˂0.001) compared to GCI during initial 

and challenged infections with more reduc-

tion during challenged one (Tab. 5; Fig. 1). 

   Serum cytokines: The profile of Th-1 re-

lated serum cytokine IL-12 showed insignif-

icant increase in GIC (P>0.05) compared to 

GC. On the other hand it showed slightly 

significant increase in GIT & GVI (P<0.05), 

with highest significant increase (p˂0.001) 

in GVIT compared to GCI during initial in-

fection. Whereas, during challenge infection 

there insignificant increase in in GCI and 

GIT (P>0.05) compared to GC. On the other 

hand, it showed slightly significant increase 

in GVI and highest significant increase 

(p˂0.001) in GVIT compared to GC and 

GCI. Also, the profile of Th-1 related serum 

cytokine IFN-γ showed slightly significant 

increase in GCI and GVI (P˂0.05) compared 

to GC. On the other hand it showed highest 

significant increase (p˂0.001) in GIT and 

GVIT compared to GC and slightly signifi-

cant increase in GIT and highest significant 

increase in GVIT compared to GCI during 

initial infection. While during challenged 

infection serum INF-γ showed insignificant 

increase in GCI (p>0.05) compared to GC, 

with slightly significant increase (p˂0.05) in 

GIT & GVI and highest significant increase 

(p˂0.001) in GVIT compared to GC. In ad-

dition to, insignificant increase (p˂0.05) in 

GIT, with slightly significant increase 

(p˂0.05) in GVI group and highest signifi-

cant increase (p˂0.001) in GVIT compared 

to GIC (Tab. 6). The profile of Th-2 related 

serum cytokine IL-4 showed high significant 

increase (p˂0.001) in GCI, but slightly sig-

nificant increase (p˂0.05) in GIT, GVI and 

GVIT compared to GC. Also, serum IL-4 

showed insignificant increase (p>0.05) in 

GIT, with slight significant increase in GVI 

(p˂0.05) and highest significant increase in 

GVIT (P˂0.001) compared to GCI during 

initial infection. But, during challenge infec-

tion serum IL-4 showed high significant in-

crease (p˂0.001) in GIC, slightly significant 

increase (p˂0.05) in IT and insignificant in-

crease (p>0.05) in VI & GVIT compared to 

GC, also, insignificant increase (p>0.05) in 

GIT, with slightly significant increase (p˂ 

0.05) in GVI and highest significant increase 

(P˂0.001) in GVIT compared to GCI (Tab. 

6). 
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Table 1: Experimental plan 

Groups 

G1 

Weeks (wks) ofinitial (1ry) infection 

Weeks of vaccination Weeks of infection  

1wk 2wks 3wks 4wks 1wks 2-5wks 6wks 7wks 8wks  

C1         sacrificed 

CI1     I    sacrificed 

IT1     I  T  sacrificed 

VI1 V  V  I    sacrificed 

VIT1 V  V  I  T  sacrificed 

Groups 

G2 

Weeks (wks) of challenged infection 

1wk 2wks 3wks 4wks 1wk 2-5wks 6wks 7wks 8wks  16wks 

C2          sacrificed 

CI2     I    Ch sacrificed 

IT2     I  T  Ch sacrificed 

VI2 V  V  I    Ch sacrificed 

VIT2 V  V  I  T  Ch sacrificed 
C control healthy; I infected; CI control infected; T treated; IT infected treated; V vaccinated; VI vaccinated infected; VIT vaccinated, infected, treated; Ch 

challenged. 
 

Table 2: Mean egg count for eggs per gram stools (EPG) and % reduction during initial & challenge infections in all groups. 

egg count/g stools during challenge infection (2) egg count/g stools during initial infection (1) parameters 
 

Groups %Reduction Mean±SD %Reduction Mean±SD 

-- - -- - C 

-- 512.5±23.8 - 563.3±34.2 CI 

2.8% 498.2±26.4 76.5% 132.6±31.9* IT 

77.7% 114.3±26.3* 56.9% 242.8±32.6* VI 

96% 19.4±22.4** 79.3% 116.7±19.7** VIT 

*Significant difference compared to infected control (P˂0.05). **Highly significant difference in compared to infected con-

trol (P˂0.001). 
 

Table 3: Worm burden and % of reduction during initial & challenge infections in all groups. 

Worm burden during challenge infection (2) Worm burden during initial infection (1) Parameters 
 

Groups %Reduction Mean±SD %Reduction Mean±SD 

-- - - - C 

-- 98.4±26.2 - 66.5±23.8 CI 

26.2% 72.6±16.6* 74.1% 17.2±26.4** IT 

80.5% 19.2±13.7** 51.4% 32.3±26.3* VI 

98.2% 1.8±8.6** 79.9% 13.4±22.4** VIT 

*Significant difference compared to infected control (P˂0.05). **Highly significant difference in compared to infected con-

trol (P˂0.001). 
 

 

Table 4: Mean number of hepatic granulomas and %reduction during initial & challenge infections in control & tested 

groups. 
Hepatic granuloma number during challenge infection (2)   Hepatic granuloma number during 1ry infection (1) Parameters 

 

Groups %Reduction Mean±SD %Reduction Mean±SD 

-- - -- - C 

- 22.3±12.2 - 17.2±12.6 CI 

12.1% 19.6±14.9 32.6% 11.6±14.9* IT 

53.4% 10.4±18.6* 22.7% 13.3±13.4 VI 

84.3% 3.5±13.7** 54.7% 7.8±10.7** VIT 

*Significant difference compared to infected control (P˂0.05). **Highly significant difference in compared to infected control (P˂0.001). 
 

Table 5: Mean diameter of hepatic granulomas (um) and %reduction during initial (1) & challenge (2) infections in control 

and tested groups. 

Hepatic granuloma diameter (um) during challenge 

infection (2) 

Hepatic granuloma diameter (um)  during initial 

infection (1) 

parameters 

 

Groups %Reduction Mean±SD %Reduction Mean±SD 

-- - -- - C 

-- 332.5±11.2  314.5±21.8 CI 

7.7% 306.8±21.3 31.6% 215.2±16.2* IT 

50% 166.2±26.6* 17.9% 258.3±14.3* VI 

82.4% 58.4±18.5** 52.8% 148.4±13.6** VIT 

*Significant difference compared to infected control (P˂0.05). **Highly significant difference in compared to infected control (P˂0.001). 
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Table 6: Serum cytokine levels (pg/ml) during initial (1) & challenge (2) infections in control and tested groups. 
 Parameters 
 

Groups 

IL-12 (pg/ml) INF-γ (pg/ml) IL-4 (pg/ml) 

1ry infection   

(G1) 

 Ch infection  

(G2)  

1ry infection 

(G1) 

Ch infection 

(G2) 

1ry infection 

(G1) 

Ch infection 

(G2) 

C 198.3±26.2 240.7±23.4 16.4±0.54 

CI 282.7±23.6 235.4±12.3 421.3±18.3a 320.2±11.4 73.2±12.6A 89.7±16.3A 

IT 474.3±20.4a,b 294.3±10.6 592.2±14.2A,b 394.4±10.3a 46.3±16.4a 68.6±12.7a 

VI 352.9±17.8a 385.2±13.6a,b 460.6±12.7a 430.5±9.2a,b 55.6±11.8a,b 34.9±18.2b 

VIT 690.8±16.3A,B 548.7±8.9A,B 864.4±13.8A,B 658.3±8.6A,B 28.7±14.2a,B 19.8±13.4B 

a
(P˂0.05),

A
(P˂0.001) Significant difference compared to healthy control. 

b
(P˂0.05), 

B
(P˂0.001) Significant dif-

ference compared to infected control.  

Discussion 
   There is a clear reduction in the morbidity 

during a reinfection exposure to human S. 

mansoni (Savioli et al, 1997). Likewise, 

there is a reduction in lesion severity in a 

secondary exposure following chemotherapy 

in mice (Coelho et al, 1996) and baboons 

(Nyindo et al, 1999). The reinfection expo-

sure next chemotherapy led to ameliorated 

granulomatous inflammation in mice. Fur-

thermore, depending on the mode of primary 

cercarial exposure, the reduction might be 

associated with either a Th1 or a Th2 im-

mune response. This possibility of modulat-

ing the immune response through modifica-

tion of primary infection procedures may be 

of significant benefit in the optimization of 

vaccine programmes (Farah et al, 2000). 

   It was trusted that S. mansoni infections 

induce dominated Th2 cells immune re-

sponse, while a Th1 predominant response 

powerfully associates with resistance to in-

fection (Jankovic et al, 1999). Typically, 

Th1 responses are categorized by the secre-

tion of IL-12, IFN-γ and IL-2. Though, IL-4, 

IL-5, IL-6, and IL-10 are cytokines specific 

to Th2 responses (Romeih et al, 2008). 

   The present study corroborated these find-

ings and showed that the characteristic in-

crease of schistosome egg-induced Th2-

associated cytokines during the acute phase 

of a primary infection (Wynn and Cheever, 

1995) was clearly lacking in a reinfection 

exposure. Also, the results showed that the 

profile of cytokines during the reinfection 

period was affected by the pattern of previ-

ous treatment. Thus, on re-infection, mice 

previously infected and then treated with 

praziquantel developed a Th1-dominant re-

sponse with elevated SEA-induced IFN-γ. 

Nonetheless, PZQ alone was unlikely to re-

duce challenged infection for this reason; we 

used SEA alone and in combination with 

PZQ to verify their effects on exposure to 

reinfection. This agreed with Abdel-Ghaffar 

et al. (2005) who found reported that the 

combination of protection using SEA and 

PZQ was recommended as it provided vari-

ous complementary goals, a reduction of egg 

induced pathology, minimal parenchymal 

changes and eradication of worms. There-

fore, evaluation the treated, immunized in-

fected mice was important by studying sev-

eral criteria related to the parasitic intensity, 

stages and distribution through the host tis-

sues. 

   In this study, SEA was used since, SEA 

contains a range of antigens that cross-react 

with cercariae antigen, adult worm antigen, 

and schistosomules (Curwen et al, 2004), 

and thus increased reactivity to egg-stage 

parasites may promote anti-larval and anti–

adult worm responses (Woolhouse, 1994).  

  In the present study, Kato-Katz method 

was the cornerstone for diagnosis of S. man-

soni infection, with a simple inexpensive 

procedure, and widespread use in endemic 

areas of S. mansoni (Teixeira et al, 2007). 

Kato-Katz method was used from the 6
th

 w 

post infection to ensure infection and follow 

up. The results showed the greatest reduc-

tion in egg count/gram stool was in GVIT 

during initial and challenged infections with 

more reduction during challenged one, indi-

cating that PZQ and SEA combination was 

protective especially on exposure to reinfec-

tion more than each one alone. Also the role 

of PZQ alone was mainly during primary 
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infection and had no role in reinfection, 

while SEA alone had slight role during ini-

tial and challenged infections. 

   In the current work, the greatest reduction 

in worm burden was in GVIT during initial 

and challenged infections with more reduc-

tion during challenged one, indicating that 

PZQ and SEA combination was protective 

especially on exposure to reinfection more 

than each one alone. Also, the role of PZQ 

alone was mainly during primary infection 

and had no role in reinfection, while SEA 

alone had no role during initial infection and 

slight role during challenged one. 

   These results went hand to hand to Sulei-

man et al. (2004) and Rabia et al. (2010). In 

addition, Yepes et al. (2015) suggested a 

significant reduction in adult worm burden 

followed the combined treatment of PZQ 

and edelfosine as a potential vaccine. 

   The death of the worms due to the treat-

ment with antischistosomal drugs was at-

tributed to metabolic disorders, mechanical 

destruction and muscular contraction of the 

treated worms (Doenhoff et al, 2002). The 

parasitological improvement is due to an-

tiparasitic drug PZQ which causes direct or 

indirect toxic effect in combination with the 

effect of immunization with SEA which lead 

marked decrease in the worm number or fe-

cundity due to hindering the process of ovi-

position (Guirguis, 2003). 

   The granuloma formation and fibrosis are 

the key factors of morbidity and mortality in 

schistosomiasis. Although the granuloma 

formation is helpful for the host because it 

blocked the hepatotoxic effect of antigen 

released from parasite eggs, this process 

might lead to the fibrosis with excessive ac-

cumulation of collagen and other extracellu-

lar matrix proteins in the periportal space 

(Henri et al, 2002). The manifestations of 

schistosomiasis are mainly attributed to 

granulomatous inflammation around parasite 

eggs (Abath et al, 2006). The formation of 

granulomas depends predominantly on 

CD4+ T cell specific for egg antigen and 

represents a delayed- type hypersensitivity 

(Garcia et al, 2008).  

   In this work, results of granuloma number 

and diameter was with greatest reduction in 

the combination of SEA and PZQ during 

initial and challenged infections with more 

reduction during challenged one, indicating 

that PZQ and SEA combination was protec-

tive especially on exposure to reinfection 

more than each one alone. Also the role of 

PZQ alone was mainly during primary infec-

tion and had no role in reinfection, while 

SEA alone had no or slight role during ini-

tial and challenged infections. This may be 

due to the effect of combined SEA and PZQ 

that reduced CD4 T cells and increased CD8 

cells (El-Ahwany et al, 2006; El-Lakkany 

and Nosseir, 2007). These results were in 

agreement with Rabia et al. (2010) and 

Yepes et al. (2015). 

  Cytokines are important regulators of im-

muno-inflammatory responses and play a 

main role in the regulation of granuloma 

formation, fibrosis deposition and degrada-

tion. Hoffmann et al. (2002) demonstrated 

the alterations in T helper cytokine profiles 

during the formation of granulomatous reac-

tion. In the present study, the levels of cyto-

kines (IL-12, IFN-γ, IL-4) were measured 

among all studied groups.  

   The present result showed that PZQ and 

SEA alone slightly increased the serum level 

of Th-1 cytokines; IL-12 and INF-γ after it 

was increased due to S. mansoni infection in 

mice during primary and challenge infec-

tions. Also, PZQ was effective mainly dur-

ing initial infection and the role of SEA ap-

peared mainly during challenged infection. 

Nevertheless, the greatest effect was with 

combined PZQ and SEA especially during 

challenged infection. 

   These results agreed with Boros (1994) 

who stated that IFN-γ was found to be pro-

duced very early at the beginning of the liver 

granulomatous response, by the time granu-

lomas reached maximal size where its pro-

duction declined. Caldas et al. (2008) con-

cluded that in the acute phase there was a 

mixed expression of Th1 and Th2 cytokines 
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with predominance of Th1 in the early infec-

tion. The higher production of IFN-γ in 

acute schistosomiasis compared to chronic 

one, partly explain absence of modulation 

of the immune response in acute infection. 

These data were similar to de Jesus et al. 

(2004) who reported that IFN-γ is the main 

Th1 cytokine involved in the down modula-

tion of Th2 cells. Also, Henri et al. (2002) 

recorded that IFN-α has a major role in the 

protective immunity against periportal fi-

brosis. However, Th2- cytokine IL-4 mark-

ed increased with Schistosoma infection dur-

ing initial infection challenged infection; 

there was slight decrease in serum IL-4 PZQ 

and SEA alone during initial and challenged 

infections. On the opposite side, marked re-

duction in serum IL-4 reported with com-

bined PZQ and SEA especially during chal-

lenge infection. This means predominant of 

Th1 cytokines IL-12 & INF-α and down 

regulation of Th2 cytokine IL-4. The present 

results agreed with Bourke et al. (2014) and 

Yepes et al. (2015).  

   During schistosomal infection, both Th1 

and Th2 responded directed against egg an-

tigen and produce IFN-γ & IL-4 respectively 

(Stadecker et al, 2004). Mice infected with a 

single large dose of cercariae and then treat-

ed with PZQ developed a Th1-dominant re-

sponse with elevated SEA-induced IFN-γ 

and IL-12. In contrast, animals exposed to 

repeated small doses in the primary infection 

mounted a Th2 response with elevated SEA-

driven IL-5 when re-infected (Farah et al, 

2000).  

   Praziquantel treatment markedly alters po-

larization of schistosome-specific cytokine 

responses, and these changes, particularly in 

response to egg-stage parasites, may pro-

mote resistance to reinfection (Bourke et al, 

2013). Praziquental is also known to alter 

schistosome-specific immune responses, af-

fecting antibody levels and isotype switch-

ing (Mutapi, 2001). Given PZQ treatment 

results in a specific increase in the intensity 

of the vaccine recognized by serum antibod-

ies (Mutapi et al, 2005). Bourke et al. (2014) 

reported that the glutathione-S-transferase 

(GST) -specific cytokine profiles are influ-

enced by boosted PZQ treatment thus influ-

enced cellular responses to a GST vaccine.  

   The current results strengthen the perspec-

tive of combining immunization strategies 

with chemotherapeutic treatment. The pre-

sent experiment was designed to allow visu-

alization of the synergistic effect of immun-

ization and chemotherapy on the parasites, 

through marked reduction of egg counts in 

stool, worm burden, granuloma number and 

size and alteration in serum cytokines espe-

cially during challenged infection. These 

results agreed Rofatto et al. (2013). 

   Generally, Schistosomiasis is a major par-

asitic disease that affects more than 200 mil-

lion people worldwide, with more than 600 

million people in the tropics are at risk for 

developing schistosomiasis (CDC, 2015). S. 

mansoni top the list of Egyptian endemic 

parasitosis (Kilany et al, 2009). The early 

diagnosis is essential to start treatment, and 

avoiding the complications of chronic schis-

tosomiasis (Ahmad et al, 2008; Massoud et 

al, 2010; Ismail et al, 2016). Sabry et al. 

(2015) reported that their study was one of 

few, addressing the possibility of direct rela-

tion between S. mansoni & hepatic carcino-

ma, concluding an initial indication of equal 

risk value of both human chronic S. mansoni 

infection and HCV infections in precipitat-

ing hepatocellular carcinoma among Egyp-

tian patients. Schistosomiasis diagnosis re-

quires viable eggs in fecal samples (direct 

methods). Despite 100% specificity of these 

direct parasitological methods, yet their sen-

sitivity is rather poor even with concentra-

tion techniques. This may be explained by 

many factors such as day to day variation, 

uneven distribution of eggs in the excreta, 

small amount of excreta examined and light 

infection. Tissue retaining eggs due to fibro-

sis is another factor (Venderame et al, 

2001). El-Tonsy et al. (2016) stated that 

Hepatocellular carcinoma (HCC) is one of 

the most common cancers worldwide, and 

accounted for about 4.7 % of chronic liver 
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disease in Egyptian patients. They conclud-

ed that As regards the aggression of HCC, it 

was more commonly multifocal and larger 

in size in patients with concomitant infection 

than in patients with HCV alone 
 

Conclusions 
   The outcome results proved the combina-

tion of SEA and PZQ was as a possible po-

tent and promising prophylactic treatment 

for schistosomiasis. This prophylactic effect 

was significantly greater than those observed 

in the single drug treatment or single vaccine 

used especially during re-infection in en-

demic areas. The present study recommend-

ed to highlight the importance of studying 

vaccine candidates in different immuniza-

tion schedules combined with chemothera-

peutic agents aiming to select the more ap-

propriate to be employed in human trials. 

   Conflicts of Interest(s): Authors declared 

that they neither have conflict of interest nor 

received financial support. 
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Explanation of figures 

Fig. 1: Section of liver-showing normal hepatic architecture of control healthy (C) (H&E x200). 

Fig. 2: Section of liver of control infected (CI) group showing (a) Large number and diameter of Schistosoma mansoni granu-

lomas (cellular, fibrocellular and fibrous) during initial infection (H&E, X200). (b) Large number and diameter of Schistoso-

ma mansoni granulomas (fibrocellular and fibrous) during challenge infection (H&E, X200). 

Fig. 3: Section of liver of infected treated (IT) showing (a) Decreased number and diameter of Schistosoma mansoni granu-

lomas during initial infection (H&E, X200). (b) Large number and diameter of Schistosoma mansoni granulomas during chal-

lenge infection (H&E, X200). 

Fig. 4: Section of liver of vaccinated infected (VI) showing (a) Large number with slight decreased diameter of Schistosoma 

mansoni granulomas during initial infection (H&E, X200). (b) Slight decreased number and diameter of Schistosoma man-

soni granulomas during challenge infection (H&E, X200). 

Fig. 5: Section of liver of vaccinated infected treated (VIT) showing (a) Decreased number and diameter of Schistosoma 

mansoni granulomas during initial infection (H&E, X200). (b) Large number and diameter of S. mansoni granulomas during 

challenge infection (H&E, X200). 
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