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Abstract 
  Schistosomiasis is the second commonest parasitic disease worldwide. It is responsible for thousands 
of deaths per year in addition to the associating serious morbidities that burden both individuals and 
communities. To date, the main preventive measure of infection is mass treatment with praziquantel. it 
carries the risk of reinfection and rising resistance which makes the discovery of an effective vaccine 
an urgent necessity. The present study evaluated E. camaldulensis killed cercariae immunogen (KCI) 
as a candidate vaccine for experimental schistosomiasis mansoni and to detect the possible immuno-
logical mechanisms of action of this immunogen. The KCI caused a significant reduction of both 
schistosomula and adult worm counts with subsequent ova count reduction. Hepatic granulomas were 
reduced in number or size. Also, levels of IgG, IgG1 & IgG2a as well as INF- -10 fluctuated 
larger than in natural infection.  
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Introduction 
   Schistosomiasis is one of the most impor-
tant neglected tropical diseases that affected 
more than 250 million people worldwide 
and responsible of over 11 thousand deaths 
per year (Leow et al, 2020). It is a disease of 
low socioeconomic individuals where most 
of cases are centered in Sub-Saharan Africa 
that shares by annual mortality of 280,000 
individual (Anisuzzaman and Tsujic, 2020). 
The associating chronic morbidities causes 
up to 70 million disability-adjusted life years 
loss annually that reached up to 71 million 
individuals with higher incidence in adoles-
cents, and women of reproductive age (Kei-
tel et al, 2019). 
   Up to date, the control strategies for schis-
tosomiasis mainly rely on mass praziquantel 
(PZQ) treatment that killed the adults. Schis-
tosomes ranked the second most risky para-
site after malaria. Infection was complicated 
by rapid and re-infections and development 
of PZQ resistant strains (Lotfy et al, 2015), 
which have genotoxic and carcinogenic ef-
fects. In low socioeconomic endemic countr-
ies, schistosomal drugs were expensive and 
massive treatment cost was high (Chitsulo et 

al, 2000). These weak points necessitated  
the need for an effective schistosomiasis va-
ccine as a potentially means for disease con-
trol (Leow et al, 2020). But, the controversy 
was about the type of immune response that 
elicited an effective vaccine candidate for a 
satisfaction high degree of protection against 
schistosomiasis (Rofatto et al, 2013). Alth-
ough Th1 immune profile characterized by 
an increase in IFN- was effective in schis-
tosomiasis prevention experimentally, a stro-
ng Th2 or a mixed Th1/Th2 response must 
be associated with a significant worm burd-
en reduction (Dias et al, 2014).  
   Antigens retrieved from cercariae enhance 
both Th1 & Th2 immune responses, but the 
schistosomula or adult worm-derived anti-
gens usually induced predominant Th1 im-
mune responses (El Ridi and Tallima, 2015). 
   Many cercarial antigens were studied as 
vaccine candidates and achieved different 
degrees of protection against challenge in-
fections. The first was the crude cercarial 
antigen preparation (CAP) which was pre-
pared from the supernatant fluids of buffered 
saline homogenates of cercariae (Ashour et 
al, 2004). Another type of cercarial vaccines 



 

 

 

was the attenuated cercariae. Various tech-
niques were used for the attenuation e.g. 
heat, chemical, ultraviolet treatment, or ion-
izing radiation (Tebeje et al, 2016). All the 
techniques proved efficacy but radiation-
attenuated cercariae vaccine achieved the 
most effective results under laboratory con-
ditions. These protective effects were tested 
in rodents and also extended to primates; a 
reduction of worm burden varying from 
30% to 90% was achieved in challenge in-
fections (El Ridi and Tallima, 2015). In spite 
of spite the good results, radiation of attenu-
ated cercaria was still limited by many hin-
drances e.g. difficulty of dose calibration of 
ionizing radiation to attenuate cercariae, the 
requirement of cryopreservation to transport 
attenuated cercariae over long distances, the 
potential toxicity of administering a live 
vaccine (Shuxian et al, 1998), and cannot be 
used in humans for ethical and practical 
problems of radioactive materials (Kariuki et 
al, 2006). So, it makes sense to reconsider 
killed cercarial vaccines even if they are less 
antigenic.  
   Despite their lower antigenicity, killed va-
ccines were more stable, safe, and cost less 
than attenuated ones (Strugnell et al, 2011). 
So, they were easily manufactured in low in- 
come endemic countries with relatively low 
technological skills (Rostamian et al, 2018). 
To avoid toxicity problems, it would be bet-
ter if the killing agent is a safe natural prod-
uct. Eucalyptus (E.) camadulensis is a me-
dicinal plant that is used in various fields. Its 
essential oils are used in manufacturing so-
aps, detergents, lotions, perfumes and even 
food flavors (Carvalho et al, 2016). Besides, 
it proved many antimicrobial (Neelam et al, 
2014) anti-inflammatory (Pino et al, 2002), 
larvicidal (Batish et al, 2008), mosquito-re-
pellents (Nerio et al, 2010), and killed swi-
mming cercariae (Ghareeb et al, 2018).  
   The present work was designed to answer 
three questions. Can immunization by E. ca-
maldulensis killed cercariae (KCV) protect 
mice from experimental schistosomiasis ma-
nsoni? What are the effects on schistosomu-

la and adult stages?  What are the immuno-
logical mechanisms of this immunogen?    

Materials and Methods 
   Ethics statement: Male pathogen-free 
BALB/c mice (6-8 weeks, 18-20gm) were 
used for the experiment. All the experiments 
were done at Theodor Bilharz Research In-
stitute (TBRI), Giza. Mice were kept under 
standard housing conditions and standard 
commercial diet in the animal house of 
TBRI. Experimental procedures were per-
formed in accordance with the international 
ethical guidelines after approval of the insti-
tutional ethical committee of TBRI. 
   Study Design: 60 BALB/c mice were di-
vided into three groups; 20 mice each. GI: a 
negative control. GII: a positive control for 
S. mansoni. GIII: mice immunized by the 
killed cercariae immunogen (KCI). Each 
group was subdivided into 2 subgroups of 10 
mice each. Subgroup A: mice euthanized 17 
days after challenge infection for schisto-
somula studies, and subgroups B: mice eu-
thanized 50 days after challenge infection 
for adult studies.  
   Plant Extraction Preparation: Leaves of E. 
camaldulensis were kindly provided by a 
plant taxonomist at the Faculty of Agricul-
ture, Menoufia University. Extraction was 
done after washing leaves with tap water to 
remove dust. The extraction process was 
performed at the Faculty of Science, Menou-
fia University. Briefly, air-dried powdered 
leaves were soaked for three days in four 
liters of aqueous methanol (85%) at room 
temperature (25±2°C). The methanolic ex-
tract was concentrated in a rotational evapo-
rator and the resulting extract was defatted 
with petroleum ether (60-80°C) to obtain 
petroleum ether extract.  
   Killed vaccine preparation: Cercariae of S. 
mansoni were purchased from Schistosome 
Biological Supply Center (SBSC), Theodor 
Bilharz Research Institute. The E. camaldu-
lensis extract was incubated with phosphate 
buffered saline-suspended cercaria in a dose 
of 10mg/500cercaria for 30min at room tem-
perature (Mossalem et al, 2018).  Killed cer-



 

 

 

cariae were identified when they stopped 
movement completely for 1min. Killed cer-
cariae were collected from the water using a 
10mL bacteriological loop, counted under 
dissecting microscope, re-suspended in PBS 
and became ready for use. Each mouse of 
GIII was immunized subcutaneously with 
500 killed cercariae at the right flank (Hsu et 
al, 1981). A booster dose of 500killed cer-
caria was subcutaneously injected at right 
flank after 2 weeks of the 1st immunization 
(Etewa et al, 2014).  
   Experimental infection by S. mansoni: The 
challenge infection was performed 30 days 
after the last immunization. Mice were in-
fected by subcutaneous injection of 100 liv-
ing Egyptian strain S. mansoni cercariae at 
the left flank (Peters and Warren, 1969).  
   Euthanizing mice and sample collection: 
Before challenge infection, blood samples 
were obtained by retroorbital sinus punctur-
ing for all mice. Serum was separated by 
centrifugation of the collected blood samples 
at 3000 rpm for 5 min and kept at -20ºC un-
til use. 17 days post-infection (d.p.i.), mice 
of subgroup A were euthanized, blood was 
collected and serum was separated. Livers 
were perfused for schistosomula retrieval. 
50d.p.i, those of subgroup B were eutha-
nized, blood was collected to separate sera. 
Livers were perfused for retrieval of the 
adult worms then dissected into 2 parts. The 
first part was used for hepatic ova counting 
and the second part was preserved in 10% 
formalin for histopathological studies. Intes-
tine (ileum) was removed and dissected for 
counting intestinal trapped ova. Retrieved 
schistosomula and adults were preserved in  
glutaraldehyde for SEM examination.    
   Schistosomula and adult loads: Schistoso-
mula was retrieved from livers of subgroup 
A mice and adults were retrieved from the 
livers of subgroup B mice. This was done by 
normal saline perfusion of hepatic and por-
to-mesenteric vessels via cannulation of in-
ferior vena cava of mice to count schistos-
omula, male, female, and coupled worms. 
    Tissue egg load: Samples of liver and int- 

 estine were weighed and digested in KOH 
5% for 16hrs at 37ºC, and ova were counted. 
   SEM of schistosomula and adults: Retriev-
ed schistosomula and adults were fixed with 
2.5% (v/v) glutaraldehyde in PBS (phospha-
te buffer saline), (pH= 7.4) for 24hrs at room 
temperature. They were rinsed three times 
with PBS before storage in PBS at 4oC until 
use. Before SEM, worms were washed twice 
with distilled water, dehydrated in ascend-
ing ethanol series, and critically point dried. 
They were put on aluminum stubs, sputter-
coated with 20nm gold nanoparticles, and 
examined in a high-resolution SEM (Jol 
5200 lv, Japan) at an accelerating voltage of 
5kV in Electron Microscope Unit, Faculty of 
Agriculture, Mansoura University. 
   Hematoxylin and eosin (H & E) staining 
of granuloma: Formalin fixed liver samples 
were paraffinized and stained with H&E. 
The granulomas were counted, and diamet-
ers were digitally measured using a multi-
head microscope, Olympus SC100 and ana-
lyzed. Diameter of granuloma with a single 
ovum was only considered. 
   Assessment of serum levels of specific 
IgG, IgG1, IgG2a, IFN- -10: Sera lev-
els of specific IgG, IgG1, & IgG2a were me-
asured in serum samples by homemade 
ELISA technique (El-Aswad et al, 2019). 
Serum levels of IFN- &IL-10 were meas-
ured using a solid-phase sandwich ELISA 
which was purchased from Life Technolo-
gies Corporation, USA for IFN- & Abcam, 
USA for IL-10. Procedure was done accord-

- 
es were measured at 450nm absorbance with 
an ELISA reader (Bio-Rad, UK). 
   Statistical analysis: Data were managed by 
SPSS statistical package version 23 (IBM 
windows); expressed as mean, median and 
standard deviation (SD).  ANOVA test was 
used for comparison of quantitative varia-
bles between more than two groups of norm-
ally distributed data with Tuckey test as post 
Hoc test. Kruskal Wallis test was used to 
compare quantitative variables between mo-
re than two groups with Tamha



 

 

 

post hoc test. Protection worm reduction was 
calculated (Tendler et al, 1986): P (%R) = 
C-V/C×100, whereas P= protection %, C= 
mean parasites number recovered from in-
fected mice and V= mean parasites number 
recovered from vaccinated one. Significance 
level was 95%, P >0.05 was not significant 
and P < 0.05 was significant. 

Results 
   Schistosomula and adult male, female, co-
uple, total worm load KCI immunized show-
ed significant reduction (84.14%, 70.37%, 
60.47%, 67.02%, & 66.6%, respectively; p3 
& p4 <0.001) in all parameters compared to 
non-immunized infected control (Tab. 1).  
   Reduced worm was in tissue egg load 
where KCI immunized one showed signifi-
cant reduction (65.35%, & 63.77%, respec-
tively; p4 <0.001) of ova counts in intestine 
and liver (Tab. 2).  
   Ultrastructural deformities: Adults in the 
KCI group showed lost tubercular spines, 
extensive tegmental damage, surface bleb-
bing and cracking extended to suckers & 
gynaecophoric canal, and females with furr- 

owing, surface cracking & blebbing (Fig. 1). 
   Histopathological liver showed KCI with 
significant reduction (60%, & 64.73%, resp-
ectively; p <0.001) in granuloma number 
and dimeter compared to non-immunized 
infected control (Tab., 3 & Fig. ). 
   Activation of humoral immune response in 
KCI immunized mice was higher than non-
immunized infected controls. Serum levels 
of IgG, IgG1 & IgG2a showed significant 
differences (p3 & p4 <0.001 as compared to 
infected controls at all times (Fig. 3). 
   IFN- showed a high-
ly significant initial increase following the 
booster dose and at early phase of challenge 
infection (17, d.p.i.), then started to decrease 
in last challenge infection phase (50, d.p.i) 
with significantly higher (p3 & p4 <0.001) 
than the infected control group. Anti-inflam-
matory cytokine, IL10 levels raised after bo-
oster dose and 17 d.p.i., continued to increa-
se to late phase of challenge in KCI with 
significant differences (p3 & p4 <0.001) as 
compared with infected control group at all 
times (Fig. 4). 

Table 1: Comparison between worm load in all groups: 
Variables Groups N  Median Reduction %  p-value Post Hoc Test 
 
Schistosomula 

GIa (-ve control) 10 0.0 ± 0.0 0.0  
84.14 

 
<0.001** 

p1 <0.001** 
GIIa(+ve control) 10 8.20 ± 0.78 8.0 p2<0.001** 
GIIIa (KCV) 10 1.30 ± 0.94 1.0 p3 <0.001** 

 
Males 

GIb (-ve control) 10 0.0 ± 0.0 0.0  
70.37 

 
<0.001** 

p4 <0.001** 
GIIb (+ve control) 10 5.40 ± 0.84 6.0 p5<0.001** 
GIIIb (KCV) 10 1.60 ± 1.42 2.0 p6 <0.001** 

 
Females 

GIb (-ve control) 10 0.0 ± 0.0 0.0  
60.47 

 
<0.001** 

p4 <0.001** 
GIIb (+ve control) 10 4.30 ± 0.67 4.0 p5<0.001** 
GIIIb (KCV) 10 1.70 ± 1.25 2.0 p6 <0.001** 

 
 
Couples 

GIb (-ve control) 10 0.0 ± 0.0 0.0  
67.02 

 
<0.001** 

p4 <0.001** 
GIIb (+ve control) 10 9.40 ± 0.69 9.50 p5 <0.001** 
GIIIb (KCV) 10 3.10 ± 1.52 3.0 p6 <0.001** 

 
 
Total worms 

GIb (-ve control) 10 0.0 ± 0.0 0.0  
66.6 

 
<0.001** 

p4 <0.001** 
GIIb (+ve control) 10 19.10 ± 0.34 19.50 p5 <0.001** 
GIIIb (KCV) 10 6.40 ± 2.01 7.00 p6 <0.001** 

p1: compared between GIa & GIIa. p2: compared between GIa & GIIIA. p3: compared between GIIa & GIIIa. p4: compared 
between GIb & GIIb.p5: comparison between GIb & GIIIb. p6: compared between GIIb & GIIIb. 
  

Table 2: Comparison between tissue egg load in all groups: 
Variables Groups No.  Median Reduction %  p-value Post Hoc Test 
 
Intestinal 
egg count 

GIb (-ve control) 10 0.0 ± 0.0 0.0 65.35 <0.001** p4 <0.001** 
GIIb (+ve control) 10 4820.0 ± 595.91 4950.0 p5 <0.001** 
GIIIb  (KCV) 10 1670.0 ± 526.62 1750.0 p6 <0.001** 

 
Hepatic egg 
count 

GIb (-ve control) 10 0.0 ± 0.0 0.0 63.77 <0.001** p4 <0.001** 
GIIb (+ve control) 10 7623.60 ± 1069.87 8000.0 p5 <0.001** 
GIIIb  (KCV) 10 2761.70 ± 586.76 2750.0 p6 <0.001** 

p4: compared between GIb & GIIb.p5: comparison between GIb & GIIIb. p6: compared between GIIb & GIIIb. 
 



 

 

 

Table 3: Comparison between mean number and diameter of liver granulomas in all groups: 
Granuloma Groups No.  Median Reduction % p-value Post Hoc Test 
 
 
Number 

GIb (-ve control) 10 0.0 ± 0.0 0.0 60 <0.001** p4 <0.001** 
GIIb (+ve control) 10 10.80 ± 2.14 10.0 p5 <0.001** 
GIIIb  (KCV) 10 4.33 ± 0.70 4.0 p6 <0.001** 

 
Diameter 

GIb (-ve control) 10 0.0 ± 0.0 0.0 64.73 <0.001** p4 <0.001** 
GIIb (+ve control) 10 319.00 ± 39.28 325.0 p5 <0.001** 
GIIIb  (KCV) 10 112.50 ± 10.06 112.50 p6 <0.001** 

p4: compared between GIb & GIIb.p5: comparison between GIb & GIIIb. p6: compared between GIIb & GIIIb. 
Discussion 

   In the present study, the killed cercariae 
were chosen to overcome the disadvantages 
of live attenuated cercaria vaccination espe-
cially the unsafety of radiation (Kariuki et 
al, 2006). A common natural killing agent 
was used to be safe, of low cost and easily 
administered by the target population (Todd 
and Colley, 2002). The methanolic extract of 
E. camaldulensis was chosen as the cercaria-
killing agent because it approved efficacy in 
killing cercaria in canal water and was rec-
ommended to be used in control programs of 
schistosomiasis (Ghareeb et al, 2018).  
   In the present study, high reduction was 
recorded by the immunogen KCI, either in 
schistosomula or adult worm loads exceeded 
60% that enabled a good vaccine candidate. 
Deborah et al. (2001) considered a 25% re-
duction of worm load was sufficient for a 
good immunogen vaccine candidate. Nasci-
mento et al. (2002) found that a good vac-
cine was to achieve more than 40% of worm 
load reduction. So, worm load reduction was 
standard point for an efficient vaccine (Mc-
Manus and Loukas, 2008). Efficiency of cer-
carial antigen homogenates in immunizat-
ion against S. mansoni was proved. Ashour 
et al. (2004) reported an immuno-prophy-
lactic effect of the cercarial antigens, CAP 
with 42% worm burden reduction. Soliman 
et al. (2008) found that worm reduction with 
CAP was 53.8% due to eggs reduction post 
immunization.  Etewa et al. (2014) tested the 
CAP with 2 types of adjuvants, BCG and 

was 
56.02% & 51.85%, respectively with reduc-
tion of eggs.  
   The significant reduction of the tissue ova 
counts, either intestinal or hepatic, explained 
the reduced adults especially in coupled that 

subsequently decreased the eggs deposition 
(Fallon and Dunne, 1999). Also, gynecoph-
oric canal deformities with abnormal matt- 
ing and decreased egg deposition (Steinauer, 
2009). The reduced tissue egg load reduced 
hepatic granulomas number and size (Chit-
sulo et al, 2004) a vaccine caused even a 
partial reduction in worm burdens and path-
ogenesis, and Ashour et al. (2004) reported 
improvement of liver enzymes post CAP im-
munization. The KCI was regarded as a sig-
nificant activation of both wings of the imm- 
une system, humoral and cellular (Jankovic 
et al, 1999). The present significant increase 
of the specific total IgG, IgG1 & IgG2a ex-
plained the reduction of worm load since ge-
nerated antibodies interfered with the impo- 
rtant functions of the parasite surface mole-
cules, alkaline phosphatase. Inhibition mole-
cule interfered with adult tegument repair 
rendering it liable to destructive attacks of 
the host immune system (Fallon et al, 1994). 
   In the present study, the fluctuations of 
IgG1 & IgG2a levels reflected the prevailing 
lymphocyte type because IgG2a, a marker of 
Th1 lymphocyte activation and IgG1 reflect-
ed a Th2 response. In the early phase of 
challenge (17, d.p.i.), IgG2a levels showed 
more increase reflection of Th1 predomi-
nance. The reverse occurred in the late chal-
lenge phase (50, d.p.i.) withe more increase 
in IgG1 that reflected Th2 predominance. 
This agreed with Pearce and MacDonald 
(2002). So, KCI potentiated the immune res- 
ponse with more killing of immature & ma-
ture stages of S. mansoni. Th1& Th2 lym-
phocytes potent activation protected the in-
fective phases, the important character of a 
good vaccine (McManus and Loukas, 2008). 
   In the present study, the predominant Th1 
detected in the early phase of challenge was 



 

 

 

associated with increased IFN- -
ased gradually to the experimental end. This 
proved that the anti-schistosomula properties 
of KCI because IFN- d leucocyte 
adhesion-forming foci in the lungs with sub-
sequent delayed migration of schistosomula 
(Wilson et al, 1996), and stimulated recurit- 
ment and activation of pulmonary macroph-
ages to kill schistosomula (Jankovic et al, 
1999).  
   The gradual increase of Th2 predominance 
explained the increased levels of Th2-
cytokine, IL-10 that continued to increase 
till the challenge late phase (Sadler et al, 
2003). This can be one of the causes of de-
creased hepatic pathology and decreased 
size of hepatic granulomas as IL-10 prevent-
ed the Th1 & Th2-mediated pathologies (El-
Ahwany et al, 2012). So, maintained a non-
lethal chronic infection and prevented inap-
propriate immune responses (Stephenson et 
al, 2014).   

Conclusion 
   The outcome results showed that Eucalyp-
tus camaldulensis-killed cercariae and imm-
unogen decreased the severity of challenge 
Schistosoma mansoni infection. Its action 
spectrum involved both schistosomula and 
adult worms.  
   The protective mechanism included activa-
tion of immune response in a similar cascade 
to natural infection. It induced a mixed Th1 
and Th2 responses with enhanced humoral 
immune response.   
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Explanation of figures 
Fig.1: SEM micrograph of S. mansoni adults of KCI group: a- Anterior part of male worm showed deformed suckers (referred by red arrow), 
blebs (referred by yellow arrow) and surface depressions (referred by green arrow), b- Male tegument showed deformed tubercles with lost 
spines (referred by green arrow), blebs (referred by yellow arrow) and depressed or ruptured tubercles (referred by green arrow), c- Gyneco-
phoric canal showed widening, roughness (referred by green arrow) and blebs (referred by yellow arrow), and d- Female worm showed rough 
surface and blebbing (referred by yellow arrow), irregularity (referred by green arrow) and furrowing (referred by red arrow).  
Fig. 2: H & E stained liver tissue: a- Small sized granuloma of KCI group (referred by yellow arrow) surrounding a single S. mansoni ovum 
(referred by green arrow), and b-Large sized granuloma of infected control group (referred by yellow arrow) surrounding a single S. mansoni 
ovum (referred by green arrow).  
N.B. scale bar = 100µm. 
Fig. 3: Comparison between groups regarding serum levels: a- IgG after 2nd booster dose of KCV, 17 d.p.i. and also, 50 d.p.i., b- IgG1 after 
2nd booster dose of KCV, 17 d.p.i. and also, 50 d.p.i, and c- IgG2a after 2nd booster dose of KCV, 17 d.p.i. and also, 50 d.p.i. 
Fig. 4: Comparison between groups regarding serum levels: a- IFN- - IL10 
after 2nd booster dose of KCV, 17 d.p.i. and also, 50 d.p.i. 

 
 



 

 

 

 
 

 
 
 

 

 

 

 


