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ABSTRACT 
 
Cystic Echinococcosis (CE) is one of the most important 
zoonotic diseases that cause a serious threat to human life, 
both healthily and economically. Herein, we aimed to update 
information and highlight the immune response against cystic 
echinococcosis. The evading mechanisms and the modulation 
of the immune system by E.granulosus metacestode are also 
addressed. Several investigations demonstrated that E. 
granulosus is immunogenic, inducing pro-inflammatory cellular 
stimuli, including the production of antibodies/T cell- and other 
cell-mediated responses in different intermediate hosts, 
including humans. Recently, several studies have characterized 
the protective antigens of E. granulosus and their role in 
immunizing various animal host species. Recent results proved 
that DNA vaccines with antigen B and recombinant protein 
vaccines produced from EG95 antigen possess the best 
outcome and elicit protective immunity. This chapter 
summarizes the consensus on CE's immunology and 
strengthens previous findings with results from relevant and 
recent investigations.  
 
Introduction to Cystic Echinococcosis 
 
The Parasite, its Characteristics, and Life Cycle 
 
Cystic Echinococcosis is a life-threatening and neglected 
zoonotic parasitic infection resulting from the larval stage of 
the cestode species complex Echinococcus granulosus (sensu 
lato). It confers considerable worldwide health and economic 
burden. Among the complex, E. granulosus sensu stricto of 
G1 and G3 genotypes is the most common cause of human 
CE (Kinkar et al. 2018). Hydatid cyst disease is well-known 
as one of the most common cosmopolitan parasitic 
infections, infecting different hosts such as humans, wild 
animals, and domestic livestock (Casulli et al. 2019).  
The life cycle of Echinococcus is complicated as it includes two 
mammalian hosts, the definitive host, which is represented by 
canines (e.g. dogs, wolves, coyotes) while the intermediate host 
includes other mammals, for instance, sheep, goats, cattle, 
buffaloes, pigs, horses, camels, besides humans. Hydatid cyst 
occurs in humans as dead-end hosts via accidental infection by 
the larvae after ingesting eggs of E. granulosus defecated from 
the dog as the final host. The larval stage develops as a cyst, 
mainly in the liver (about 70%), followed by the lungs, spleen, 

kidneys, and brain (Brunetti et al. 2010). After their 
consumption by the appropriate intermediate host. The eggs 
hatch, releasing the embryos that breach the mucosa and then 
find their way via blood or lymph to the liver, lungs, or other 
sites to produce unilocular fluid-filled hydatid cysts. When the 
definitive hosts consume the infected viscera of animals with 
the hydatid cysts, the protoscoleces evaginate, attach to the 
mucosa of their intestine and develop into worms (Shnawa et 
al. 2021a) (Fig. 1). 
 
The Biology of Intermediate Hosts Infection with 
Cystic Echinococcosis  
 
The oncospheres hatched from the swallowed eggs and 
stimulated in the small intestine of an appropriate intermediate 
host. Lytic enzymes of the parasite facilitate the invading of the 
oncosphere. Therefore the parasite finds its way through the 
intestinal mucosa to the host blood; then, they are circulated 
to hepatic and pulmonary tissues and other organs. 
Oncospheres reach the favourite tissue where the hydatid cyst 
development begins (Siracusano et al. 2009). 
The hydatid cyst of E. granulosus sensu lato consists of an 
internal cellular germinal layer and an external non-cellular 
laminated layer of a carbohydrate-rich structure. The cyst of 
CE grows gradually, and host-derived adventitial (fibrous) 
layers protect the cyst. This fibrous capsule is a resultant of the 
local tissue response of the host against the parasite (Díaz 
2017; Thompson 2017). The laminated layer is a multi-
laminated building produced originally by the developing 
hexacanth embryo and later by the germinative layer. It 
consists of glycosylated glycoproteins. Also, it is vital for the 
metacestode's immune evasion within the infected host (Díaz 
et al. 2011a; Díaz et al. 2011b; Tamarozzi et al. 2016). The 
germinal layer consists of embryonic cells involved in the 
formation of brood capsules and protoscoleces. A fully 
developed fertile cyst comprises brood capsules with 
protoscoleces. It is filled with clear hydatid fluid and rich in 
daughter cysts (Eriksen and Agopian 2017). Hydatid cysts are 
shown in Fig. 1, 2, and 3. 
It has been suggested that the two layers of hydatid cyst possess 
a significant role in inducing the innate immunity in the host-
parasite attachment tissue because of gathering different 
immunogenic antigens (Siracusano et al. 2008; Díaz et al. 2011b).  
Recurrence of CE may result from cyst fluid spillage during 
surgery or an accident, leading to secondary infection.  
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Fig. 1: The life cycle of Echinococcus granulosus. 
 

 
 
Fig. 2: Heavy naturally infected sheep's liver with CE (Jalil et al. 2021). 
 
Therefore, this disease can be considered a significant challenge 
both from medical and economic points of view (Eckert and 
Deplazes 2004). Also, experimental secondary infection can be 
produced in Balb-c mice, which may help with novel medication 
and vaccination attempts, as shown in Fig. 4. 
The clinical symptoms of hydatid cysts show no specific signs, 
whereas depending on the number, location, and size, it has 
variable effects ranging from mild to deadly (Junghanss et al. 
2008).  
In the aspect of serological diagnosis, the proteome of the 
metacestode fluids of E. granulosus and other ovine cestodes 
cysts like Taenia hydatigena and Taenia multiceps were studied 
via a shotgun proteomic method. Parasite and host molecule 
shapes among the three hydatid fluids were distinguished and 
compared. Recognized proteins include different parasitic 
markers of serodiagnosis importance because of their 
immunoreactivity in humans. This comprised Ag5, AgB 
antigens, 8-kDa glycoproteins, hydatid cyst diagnostic antigen 
P29, and egg antigen P40. Especially, seven proteoforms of AgB   
and   8-kDa   glycoprotein  showed  promised  diagnostic 
biomarkers due to their ability to predict CE in sheep and 

differentiate among diverse types of parasites (Biosa et al. 
2021). Ahn et al. (2015) mentioned that recognizing a single 
distinct molecule might not accurately diagnose this disease 
due to the alteration of specific immunodominant epitopes 
with the progression of the infection. The immunoproteomic 
technique supported by imaging investigation may help 
diagnose both CE and AE and for identifying the stage of CE, 
which are appropriate for patient follow-up. Their results also 
emphasized the probable biological roles of HF proteins that 
might be shared in the homeostatic preservation besides 
pathophysiological adaptation of the E. granulosus through long-
term disease. 
There is no potential, efficient vaccine against CE, and 
treatment is the option against CE. The therapeutic methods 
for hydatid cyst treatment are medical treatment, surgery, 
endoscopic interventional, and percutaneous procedures 
(puncture, aspiration, injection, and re-aspiration (PAIR) 
(WHO 1996). Therefore, in small and inactive cysts, the 
selected treatment is chemotherapy with benzimidazole 
derivatives (mebendazole and albendazole). Still, a surgical 
operation is a single-choice treatment for large cysts (Dehkordi 
et al. 2019). Recent works have mentioned chemotherapy with 
benzimidazole derivatives which may cause many side effects, 
like   hepatotoxicity,   teratogenicity,   Hematuria,   leukopenia, 
thrombocytopenia, and osteoporosis (Moro and Schantz 2009; 
Eriksen and Agopian 2017). Nowadays, medication is motivated 
to use green biosynthesized nanoparticles as novel 
protoscolicidal agents, such as silver, zinc oxide, and others 
within in vitro and in vivo models (Shnawa et al. 2021b; Hamad 
et al. 2022). In previous works, we reviewed the publication 
regarding the possibility of using nanoparticles as a new 
approach for CE treatment (Shnawa 2018; Shnawa et al. 
2021a). 
 
Parasite Antigens and Metabolites 
 
Echinococcus is a very complex multicellular parasite. It is 
highly immunogenic, provoking or inducing pro-inflammatory 
responses, producing specific antibodies, cell-mediated 
immunity,  specifically   T-cells  in  patients  and  other   infected
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Fig. 3: Histological sections of hydatid cysts of intraperitoneally administered mice with E. granulosus protoscoleces show the GL.: germinal layer; 
LL.: laminated layer; AV.: adventitious tissue with dense inflammatory cells. They were treated with hematoxylin-eosin stains. Scale bar of A and 
B = 5 μm , & C= 2 μm (Hamad et al. 2022). 

 

 
 
Fig. 4: A- Several hepatic hydatid cysts in the experimentally infected mouse, B, and C multiple hydatid cysts in the peritoneal cavity of mice 
(Hamad et al. 2022). 
 
hosts (Zhang et al. 2008b). Immunity has a maximum impact on 
the host-parasite association in hydatid disease. This immunity 
is related to the production of protective antibodies. This 
character depends on to discover an efficient EG95 vaccine 
against CE parasite (Zhang et al. 2008b). In the first experiment, 
AgB subunit structure was studied in specimens of single 
hydatid cysts, giving qualitative and quantitative variances 
among the tested specimens. They found diverse subunits of 
AgB oligomers with dissimilar abundances and oligomerization 
characteristics are formed (Monteiro et al. 2012). 
Ten B cell epitopes and seven cell epitopes were recognized 
on Ag5, suggesting the robust immunogenicity of this protein, 
which could help in designing antigens as peptide vaccines for 
hydatid cyst disease (Pan et al. 2017). The recent findings 
proved that DNA vaccines with antigen B and recombinant 
protein vaccines created from EG95 antigen exhibited the best 
results and provoked protective immune responses (Anvari et 
al. 2021). Recent findings confirmed that Eg mefAg-1 had 
significant serodiagnostic importance, which may be a 
candidate for CE diagnosis (Tianli et al.2019). Characterized 
antigens, and molecules of E.granulosus are shown in Table.1. 
 
Immune Response against Cystic Echinococcosis 
 
As it is well known, the arms of human immunity are innate 
besides acquired or adaptive immune responses. Despite the 
presence of the laminated layer, the cysts are not entirely 

insensitive to the different mechanisms of the host immune 
effectors. During infection, the humoral immune response 
represented by the production of immunoglobulins 
(antibodies) will be activated, which will activate the 
complement system. Both antibodies and complement will be 
directed against the laminated layer and, in some circumstances 
against the germinal layer causing direct damage to the cyst and 
triggering inflammation in the surrounding area. Usually, 
continuous inflammation is associated with the low viability of 
the parasite; in contrast, the parasitic larvae will thrive in the 
case of declined inflammation (Zhang et al. 2012). Even in 
protozoal infection, inflammatory responses are also 
documented clearly in Sarcocystis infection of sheep and goat's 
esophagus (Swar and Shnawa 2021). 
 
Innate Immune Response 
 
It is well-thought that the innate immune response is the first 
line of protection against different parasitic infections, 
distinguishing pathogen-associated molecule patterns (PAMPs). 
The recognition process is performed by pattern-recognition 
receptors (PRRs), like Toll-like receptors (TLR), in addition to 
nucleotide-binding oligomerization domain-like receptors 
(NLRs). The mentioned receptors are located on the surface 
of immune cells, like macrophages, neutrophils, endothelial 
cells, dendritic cells, and lymphocytes. TLRs might trigger 
apoptotic pathways during their course of action (Akira et al. 



 106 

2006). The stimulation of type 2 immune response by parasites, 
especially helminths, is well known.  
It has been suggested that the two layers of hydatid cyst have 
a significant role in motivating the innate immunity in the host-
parasite interaction because of different antigens accumulation 
(Siracusano et al. 2008; Díaz et al. 2011a). Amri and Touil-
Boukoffa (2015) have observed that the laminated layer 
protects the parasite from the nitric oxide (NO) synthase 
activity via upregulation of the host arginase route. Moreover, 
another study has mentioned that the creation of NO species 
of activated macrophages is vital in preventing the spread of CE 
disease. Also, their findings proposed the possible in vivo 
production of peroxynitrite (ONOO−) and its role against the 
hydatid cyst. Therefore, they pointed out the efficiency of these 
metabolites as scolicidal materials (Zeghir-Bouteldja et al. 
2009). 
As mentioned, the laminated layer provides a physical shield to 
protect the cyst, but this protection is usually not enough. 
Therefore, the parasite also involves the regulation of its host's 
immunity. As recorded, the immune responses against these 
parasites involve innate and adaptive mechanisms.  

The scheme of innate immunity is based on the stimulation of 
the immunological defense mechanisms of the host and the 
host-parasite cross-talk that results in triggering suppressive 
mechanisms to the host defenses. One of the effects of innate 
immunity on CE is the production of reactive oxygen species 
(ROS), and nitrogen (RNS) found on the adventitial layer of 
hydatid cysts, which cause the infertility of the cyst (Cabrera et 
al. 2008). In addition, it has been reported that during CE, the 
host's immunity will be suppressed via the regulation of anti-
inflammatory cytokines by TLRs, especially TLR-2 and TLR-4 
(Fig. 5) (Apaer et al. 2017; Bakhtiar et al. 2020). 
The leading role of neutrophils and macrophages is detecting 
and eliminating the parasite, but it can evade it via its 
metabolites. For instance, E. granulosus secrete antigen B, which   
can   neutralized   the   action  of  neutrophilic  elastase, allowing 
the parasite to escape from the effect of neutrophils. 
Moreover, antigen B plays a role in the modification of 
macrophage activities as well as suppressing the action of 
cytokines. Eosinophils proved their effectiveness in innate 
immunity against E. granulosus metacestodes (Silva-Álvarez et 
al. 2016; Zheng et al. 2017). 

 
Table 1: Antigen and immunogenic molecules of E. granulosus  

Antigen Name References 
Antigen 5  Ag5  Capron et al. (1967) 
The composition of the subunit and specificity of the cyst fluid antigens of 
E. granulosus 

AgB  Lightowlers et al. (1989) 

Paramyosin of E.granulosus, tegumental antigen  EG36 Mühlschlegel et al. (1993) 
 Sheep-vaccinated with the antigen EG95,  EG95 Lightowlers et al. (1996) 
Thioredoxin peroxidase  TPx  Salinas et al. (1998) 
The recombinant EgA31 (rEgA31) was tested as a protective vaccine  EgA31  Fu et al. (1999) 
Elongation factor 1β/δ  EgEF-1 β/δ Margutti et al. (1999) 
The p176 could be valid as a standard antigen in diagnosing hydatid 
disease. 

p176 González-Sapienza et al. (2000) 

 E. granulosus cyclophilin  EA21 Ortona et al. (2002) 
The rEpC1-GST fusion protein for CE diagnosis   rEpC1-GST  Li et al. (2003) 
 Tropomyosin (EgTrp) is expressed in metacestode and adult E. granulosus.  EgTrp Esteves et al. (2003) 
Eg2HSP70 is a novel molecule of antigenic that provokes B and T cell 
immunity.  

HSP70 Ortona et al. (2003) 

A new tegumental antigenic molecule EgTeg of E. granulosus  EgTeg Ortona et al. (2005) 
 A new 19 kDa E. granulosus antigen Eg19 Delunardo et al. (2010) 
Heat shock antigen 20 (HSP20) as a detectable marker of acute CE. HSP20 Vacirca et al. (2011) 
Four recombinant antigens from E granulosus  B1t, B2t, E14t, and C317, Hernández-González et al. 

(2008) 
Recombinant glutathione transferase from the E.granulosus rEgGST Harispe et al. (2010) 
The EG95 antigen was cloned from the G1 genotype of E. granulosus EG95−5G1 

Differences between EG95 
proteins from the G6 
genotype and EG95 
protein from the G1 
genotype. 

Rojas et al. (2012) 

The structure Antigen B: The Composition of Subunit and Oligomers rAgB8/1, rAgB8/2 and 
rAgB8/3 

Monteiro et al. (2012) 

14-3-3 protein 14-3-3  Teichmann et al. (2015) 
8-kDa subunit of antigen B (HydI) of E. granulosus 8-Antigen B (HydI) Azizi et al. (2016) 
Immunization of sheep with rEg.myophilin could reduce the hydatid cysts 
development of E. granulosus  

rEg.myophilin Zhu et al. (2016) 

 In sheep, E. granulosus rEg.P29 showed immunoprotection and induced Th1 
and Th2 immune responses. 

rEg.P29 Wang et al. (2016) 

Ten B cell epitopes and seven T cell epitopes were identified on Antigen 5 Ag5 Pan et al. (2017) 
Protoscolex tegumental surface antigens PSTSA  Valizadeh et al. (2017) 
Protoscoleces proteins of E. granulosus  egM9, and egM123 Zhang et al. (2018) 
EgA31 and EgG1Y162 proteins as multi-epitope vaccines against E. granulosus. EgA31&EgG1Y162 Zhao et al. (2019) 
Multi-epitope fusion protein Eg mefAg-1 Tianli et al. (2019) 
Glycosylphosphatydilinositol (GPI)-anchored protein EG95 Haag et al. (2009)  
E. granulosus enolase is several -epitope vaccines utilized as a novel 
preventable anti-hydatid cyst material. 

EgEnolase Pourseif et al. (2019) 
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Fig. 5: Host innate immune response (inflammasome, TLRs and apoptosis) against CE (Modified from Bakhtiar et al. 2020) (SEM image of 
protoscolices from (Shnawa et al. 2017).  
 
One of the essential innate immunity mechanisms is 
inflammation. The inflammation has a reverse correlation to 
the viability of the parasite. The explanation of this correlation 
is still not clear. Still, some toxic materials such as nitric oxide 
can infiltrate the laminated layer, in addition to the effect of 
eosinophils. In infected persons, the inflammation's severity is 
mild compared to what is probably predictable when a 
pathogen like E. granulosus enters the body. The parasite's 
behaviour might explain this as it surrounds itself with a non-
infiltrated layer of collagen (Meeusen and Balic 2000). 
The parasitic metabolites can impair the natural killer cells 
(NKs) and the DCs, altering these cells' differentiation, 
maturation, and function. Furthermore, it has been 
documented that these metabolites are represented by the 
excretory/secretory (E/S) antigens of CE, which have an 
immunosuppressive effect on DCs (Casaravilla et al. 2014; 
Wang et al. 2015). 
Moreover, the participation of inflammasomes was also 
reported as a part of the host defense mechanism. The 
inflammasomes, which are platforms of NLRs, have a high 
affinity to various PAMPs and regulate different immune 
responses. Inflammasomes may cause the activation of caspase-
1, and through this activation, it will regulate IL-1β and IL-18 as 
pro-inflammatory cytokines. However, inflammasomes 
involvement is still unclear in CE or Alveolar echinococcosis, 
but reports indicated that helminths metabolites might trigger 
them (Jin et al. 2014, Meng et al. 2016; Gottstein et al. 2017).  
Some studies investigated NK cells' role in Echinococcosis. In 
contrast, these cells are involved in innate immune responses 
against viral, bacterial, and protozoal infections, besides 
complement and other innate immunity components (Shnawa 
1995; Zhang et al. 2008a; Shani et al. 2012). The analysis of the 
blood of humans suffering from active CE cysts revealed a large 
number of NK cells (CD56CD8) when compared with healthy 
control (Hernández et al. 1999), but no information regarding 
the cells at the margin of the hydatid cysts was achieved; 

therefore, their action in the CE disease was unclarified. 
Dissimilarity, patients with alveolar echinococcosis had a lesser 
peripheral blood mononuclear cells (PBMC) NK level than 
controls and persons of non-parasitic biliary disease. This may 
be attributed to a minor number of NK present in peripheral 
blood of those infected with E. multilocularis or related to sera 
inhibitory materials, for example, immune complexes and 
antibodies (Vuitton et al. 1989). It assumed that in AE, the MHC 
class I chain-related molecules A and B, stimulated by E. 
multilocularis, twist the NKG2D stimulation on NK and CD8, 
preventing NKG2D-dependent cytotoxicity and thus causative 
to the long life of this parasitic infection (Zhang et al. 2008a). 
Controlling action of IL-12 in the natural resistance of some 
intermediate hosts to Echinococcosis was proposed. Mice 
inoculated with vector encoding IL-12 or rIL-12 were 
protected from secondary cystic and alveolar echinococcosis 
due to Th1 mechanisms (Emery et al. 1998; Al-Qaoud and 
Abdel-Hafez 2008). TLR has been proved to possess a vital 
action in innate immunity mechanisms. Nonetheless, there is 
restricted research regarding its participation in natural 
resistance to Echinococcosis. E. granulosus antigens can modify 
dendritic cells maturation through TLR, leading to weak 
antiparasitic immune responses ( Rigano et al. 2007). 
 
Adaptive Immune Response 
 
Since the hydatid cyst can survive for a long time in its 
intermediate host, the chronic disease depends on host 
existence for parasite spread and includes a cross-talk between 
the parasite and its host (Zhang and McManus 2006). The 
importance of secretory metabolites of parasitic worms as 
immunomodulators was mentioned by Harnett (2014) 
previously, as immunomodulatory signals from the parasite and 
the host are recognized. The parasite produces immunomodu-
latory molecules that change the function of the host enzymes 
and the immune system mechanisms (Maizels et al. 2004). 
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In the adaptive immune response, the T-cell immunological 
status of cystic hydatid cyst patients was investigated to detect 
blood cytokines, cell surface, and intracellular markers in 
(PBMCs) by flow cytometry and cytokines provoked from 
PBMCs by antigens of the hydatid fluid. The remarkable findings 
are the changes in factors related to the Th2 mechanisms. 
Nevertheless, in several cases, elevation in Th1- components 
are recorded compared to healthy subjects. 
The immunoglobulins concentration of IgG4 and IgE and 
common eosinophilia during hydatidosis revealed the immune 
mechanisms against CE which are thought to be Th2 
dominated, and the parasite antigens modulate the T-cells. 
Previous results of immunological studies showed significant in 
vitro production of parasite antigen-induced IL-4, IL-5, IL-6, IL-
10, and IFN-γ by (PBMC) prepared from the blood of persons 
infected with hydatid disease, confirming the fact that immune 
mechanisms against this disease are mainly controlled by Th2 
cell stimulation, beside the cell subset of Th1 (or Th0) (Riganò 
et al. 1995). It has been proposed that Th1 cytokines are 
associated with protective immunity while Th2 cytokines are 
correlated to disease susceptibility and associated with the 
chronic stage ( Mezioug and Touil-Boukoffa 2009;  Petrone et 
al. 2015). In experimental infection with CE, previous findings 
confirmed the suggestion that earlier production of IL-10 by B 
cells in response to antigens may favour parasite-survival as 
well as the activated type-2 cytokine action establishment (Baz 
et al. 2006). Other researchers proposed that IL-4/IL-10 
weakens the Th1 immune activity and permits the parasite to 
live in CE hosts (Amri et al. 2009). Secondary experimental 
infection of mice documented the probable immuno-
suppression of IL-10 and TGF-β as a method that assists the 
parasite in escaping the cell-mediated action of the host 
(Mondragón-De-La-Peña et al. 2002). Furthermore, the 
possible immune-suppressing role of TGF-β (and regulatory T 
cells) was proved in E. multilocularis experimentally infected 
mice. These alveolar cysts induce the differentiation of 
dendritic cells (DCs), which express TGF-β-, which persist 
immaturely and modify CD4+ and CD8+ regulatory T-cell 
expansion (Mejri et al. 2011). 

The characteristic immune response against the hydatid cyst of 
humans and animals' echinococcosis related to Th2 type. It 
includes Interleukins, IL-4, IL-5, IL-10, and IL-13, antibodies 
IgG1, IgG4, besides IgE, in addition to a massive number of 
eosinophils and mast cells. Also,  on the other hand, stimulated 
macrophages are incorporated into this process (Zhang et al. 
2008b; Zhang et al. 2012). 
The cellular immune response plays a prominent role during 
hydatid cyst formation in the acute stage, as inflammatory cells 
infiltrate and activate, primarily macrophages and neutrophils 
(Zhang et al. 2008b). Proteases enzymes, for instance, 
neutrophil elastase, produced by triggered neutrophils, can 
overcome the parasite and provoke neutrophil chemotaxis. 
The effective secretory enzyme inhibitor, EgKI-1 of the E. 
granulosus oncospheres, can protect the parasite from the 
immune challenge of the host (Ranasinghe et al. 2015). 
Additionally, if the hydatid cyst is damaged during the chronic 
phase of the disease, neutrophils are attracted to fight the 
protoscoleces, which may be result in rise of Antigen B (AgB) 
in the hydatid cyst fluid (Shepherd et al. 1991). AgB as an 
effective protease inhibitor can decrease neutrophil 
recruitment, which leads to postponing of protoscoleces 
elimination by neutrophils until the parasite develops into large 
hydatid cysts and produce secondary hydatidosis. Therefore, 
inhibition of neutrophil elastase secretion and neutrophil 
chemoattraction is essential for the parasite thriving through 
acute and chronic stages of cystic echinococcosis (Fig. 6).  
During the acute phase of this disease, both macrophages and 
neutrophils migrate towards the small intestine's mucosa to 
fight and overcome the oncospheres. Also, neutrophils are 
attracted if hydatid fluid is disseminated from a damaged cyst 
during the chronic phase of the disease. Still, both neutrophil 
elastase and neutrophil chemotaxis are inhibited by antigen B 
to protect protoscoleces from their effects; therefore, the 
protoscoleces continue to grow to produce secondary hydatid 
cysts, as in Fig. 6 (Ranasinghe and McManus 2018). 
Recent studies proposed that specific Echinococcus parasite 
antigens can induce an adaptive immune response against cancer. 
EgKI-1, one of E. granulosus secretions, displays direct anti-cancer 
effects. Consequently, this canine cestode may offer some aim 
as a probable therapy against some types of cancer.  

 

 
 
Fig. 6: Neutrophil role through acute and chronic hydatid cyst disease (Ranasinghe and McManus 2018).  
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Fig. 7: E.granulosus survival mechanisms. Laminated layer antigens can stop the maturation of DCs, thus starting a tolerogenic Th2-response that 
will block NO-releasing by the induction of an alternative profile in macrophages (AAMs). If the pro-inflammatory cytokine injection induces a 
Th1 response, CAMs will activate to eradicate the parasite (Peón et al. 2016). 
 
Further investigations are mandatory to progress this study and 
categorize other Echinococcus-specific immunogens for anti-
cancer treatment (Ranasinghe and McManus 2018).  
 
Immunomodulation and Immune Escaping Strategies 
of E. granulosus Parasites that Leads to Cystic 
Echinococcosis Disease 
 
It is necessary to understand how the hydatid cyst of the E. 
granulosus parasite can evade the human immune response? 
Echinococcus parasites practice several immune evasion 
mechanisms during their life cycle. It comprises antigenic 
variation, detaching of tegument protein, and protease 
creation. In addition to active modulation like 
immunosuppression, twisting the Th1/Th2 cytokine patterns, 
molecular mimicry, T cell suppression, minimizing the 
chemotaxis of effector immune cells, and production of 
immunogenic molecules (Rigano et al. 2007; Zhang et al. 2008a; 
Zhang et al. 2008b). Previous investigations mentioned that E. 
granulosus produce many antigenic molecules in its 
protoscoleces and hydatid cyst fluid that can modify the 
immune mechanisms of the hosts. Therefore, the cytokine 
production changes to Th2, which assists immune evasion, 
leading to a long period of survival of parasites (Rigano et al. 
2004; Siracusano et al. 2008). These molecules interact with 
the process of antigen presentation, proliferation, activation of 
the cell, and production of antibodies (Fig. 7), which may result 
in cell death and excite regulatory responses. AgB, a 12-kDa 
subunit protease inhibitor, modulates the host immune 
response as it inhibits the recruitment of neutrophils and helps 
the parasite escape immune responses (Shepherd et al.1991).  
AgB can moderate the innate and adaptive immunity of the 
host; it has an essential action in the immunomodulatory 
process on which hydatid cysts depend for growth progression 
and finally result in chronic infection (Siracusano et al. 2008).  
E. granulosus involves a couple of mechanisms to undermine the 
host's immune attack: Firstly, via passive escape, by developing 

into the hydatid cyst, by which it can avoid the destructive 
effects or secondly, by the immunomodulation of the host 
immunity, which is achieved by the active interrelation of the 
parasite with the immune system of the host leading to the 
reduction of the response impact (Siracusano et al. 2009).  
Recently, a new immunomodulating antigen has been obtained 
from the cDNA library of the E. granulosus genome and its 
reaction with IgG4 from a patient with cystic echinococcosis. 
Antigen EgTeg is a protein of the protoscolex tegument (from 
which the name was derived) localized on the germinal layer of 
the hydatid cyst wall. Similar to AgB, EgTeg hinders chemotaxis 
and provokes IL-4-positive T lymphocytes as well as non-
complement-fixing immunoglobulin (IgG4). Like other 
organisms, CE shares similar protein molecules or antigens 
with other  helminths;  Similar  to  the  EGTeg,  other  antigens 
were discovered by screening the cDNA library of E. granulosus 
genome through their reaction with host IgE. These antigens 
are associated with acute cutaneous allergic symptoms. The 
antigens are EgEF-1 β/δ, EA21, and Eg2HSP70 and are related 
to the allergic disorders associated with CE (Siracusano et al. 
2009).  
Novel therapeutic developments for CE result from several 
studies regarding its immunological aspect. For example, 
immunomodulation via interferon-alpha, Th2-mediate 
immunological mechanisms, and IL-10-associated tolerance are 
standard features of echinococcosis and atopic allergy. 
Echinococcus stimulates IgE in most human infections and is 
related to the severity of the disease. Histamine production 
from circulating basophils enhanced by E. granulosus allergens is 
detectable in all sera of patients with both types of 
echinococcosis. Echinococcosis stresses the unclear 
associations between parasitic and allergic diseases. It 
concludes that investigating these diseases can assist in 
understanding how immune variation produces the 
pathological effects in infected persons, which resultantly may 
assist in discovering therapeutic or preventive medications 
(Vuitton 2004). 
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Fig. 8 (a): Expected immune response against cystic echinococcosis. (b) Proposed modulation and evading mechanisms of host defense by E. 
granulosus. Black arrows represent events indued immunity against the parasite, while brown lines represent the parasite antigens that inhibit the 
immune responses. 
 
Previous findings pointed out that CE escapes the host 
immunosurveillance by altering the differentiation and 
maturation of monocyte and DCs (Rigano et al. 2007). E. 
granulosus has elaborated several defense mechanisms for 
protection from the host’s immune attack (Siracusano et 
al.2012). In the frame of the variation of DCs differentiation and 
cytokine secretion by the hydatid cyst fluid of E.granulosus 
showed that E. granulosus metabolic product induced the 
production of prostaglandin E2 (PGE2) and IL-6 during treatment 
with human adherent (PBMCs) cultivated in GM-CSF/IL-4. The 
identical cultivation decreased the capability of these cells to 
produce IL-12, IL-6 or PGE2 as a response to 
lipopolysaccharides (Kanan and Chain 2006). AgB interferes with 
host DCs function via a couple of strategies (Rigano et al. 2007): 
1. It weakens the differentiation of monocyte precursors to 
immature DCs, making them incapable of responding to 
Lipopolysaccharide stimulation. 
2. AgB modulates the maturation of sentinel dendritic cells, 
allowing the polarization of lymphocytes into Th2 cells that 
benefit the Echinococcus. 
Furthermore, antigen B secreted by the CE parasite can affect 
the neutrophil function by the elastase released from 
neutrophils and permit the hydatid cyst to escape from the 
immune mechanisms of the host (Silva-Álvarez et al. 2016).  
More recently, Lin et al. (2021) pointed out that the 
E.granulosus cyst fluid (Eg CF) suppressed the stimulation of 
nuclear factor (NF)-κB p65 and the mitogen-activated protein 

kinase (MAPK) signaling pathways and the pro-inflammatory 
responses. This anti-inflammatory action is achieved by helping 
the proteasomal degradation of TRAF6 in macrophages of 
humans and mice. 
 
Conclusion 
 
Hydatid cyst disease is a parasitic life-threatening zoonotic 
infection. The life cycle ofE.granulosus includes the definitive 
and intermediate host. The hydatid cyst grows slowly and 
consists of germinal, laminated layers and host-derived 
adventitial (fibrous) layers. The first-choice treatment for 
hydatid cysts is a surgical operation. Chemotherapy with 
benzimidazole is recommended against CE. Nowadays, 
medication is motivated to use biosynthesized nanoparticles as 
novel protoscolicidal agents. Several studies used different 
nanoparticles within in vitro and in vivo models with acceptable 
results. 
Echinococcus is highly immunogenic and possesses various 
antigens within the layers of hydatid cyst/ hydatid fluid, inducing 
pro-inflammatory cellular responses, specific Ab production, T 
cell- and other cell-mediated immune responses in humans. 
However, the parasite can survive in its mammalian hosts for 
several years, suggesting modulating the antiparasitic immune 
responses. 
The laminated layer of the hydatid cyst is considered a first 
barrier against the intermediate host’s immune mechanisms. 
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The function of this layer is to maintain the physical integrity of 
metacestodes and to shelter the embryonic cells of the 
germinal layer from host immune responses. 
In CE of humans and animals, the typical response is the Th2 
type which contains several interleukins like IL-4, IL-5, IL-10, 
and IL-13. Also, the immunoglobulins IgG1, IgG4, IgE and 
eosinophils, mast cells, and activated macrophages are all 
involved. E. granulosus probably manages the dialogue among 
the immune cells by releasing antigens that induce Th2 
responses and inhibit the other regulatory T and B cells. The 
Th2 is related to chronic cases and might standardize parasite 
development. More information is required on the role of Th2 
cytokines on immunoglobulins production, hydatid cyst 
development, and treatment efficacy. Fig. 8 summarizes the 
events involved in the immune response against CE and the 
immune evading mechanisms by the parasite. 
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