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ABSTRACT

Objective: To analyse the genetic variability of EG95 sequences and provide guidance
for EG95 vaccine application against Echinococcus granulosus (E. granulosus).
Methods: We analysed EG95 polymorphism by collecting total 97 different
E. granulosus isolates from 12 different host species that originated from 10 different
countries. Multiple sequence alignments and the homology were performed by Lasergene
1 (DNASTAR Inc., Madison, WI), and the phylogenetic analysis was performed by using
MEGA5.1 (CEMI, Tempe, AZ, USA). In addition, linear and conformational epitopes
were analysed, including secondary structure, NXT/S glycosylation, fibronectin type III
(FnIII) domain and glycosylphosphatidylinositol anchor signal (GPI-anchor). The sec-
ondary structure was predicted by PSIPRED method.
Results: Our results indicated that most isolates overall shared 72.6–100% identity in
EG95 gene sequence with the published standard EG95 sequence, X90928. However,
EG95 gene indeed has polymorphism in different isolates. Phylogenetic analysis showed
that different isolates could be divided into three subgroups. Subgroup 1 contained 87
isolates while Subgroup 2 and Subgroup 3 consisted of 3 and 7 isolates, respectively.
Four sequences cloned from oncosphere shared a high identity with the parental sequence
of the current vaccine, X90928, and they belonged to Subgroup 1. However, in com-
parison to X90928, several amino acid mutations occurred in most isolates besides
oncosphere, which potentially altered the immunodominant linear epitopes, glycosylation
sites and secondary structures in EG95 genes. All these variations might change their
previous antigenicity and thereby affecting the efficacy of current EG95 vaccine.
Conclusions: This study reveals the genetic variability of EG95 sequences in different
E. granulosus isolates, and proposed that more vaccination trials would be needed to test
the effectiveness of current EG95 vaccine against distinct isolates in different countries.
1. Introduction

The larval stages of Echinococcus granulosus
(E. granulosus) cause cystic echinococcosis (CE) in animals and
humans. The parasite has a worldwide distribution [1,2], which is
responsible for tremendous economic losses and medical
problems. A large amount of variability has long been
recognized in E. granulosus with several genotypes and
designated as G1–G10 [3], and G1 genotype is the most
prevalent and causes most human infection [4]. At present,
many actions have been taken to treat this disease, of which,
surgery in combination with chemotherapy is the first choice.
However, this therapy inevitably entails surgical risk and
requires considerable labour, material, and financial resource,
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which limits the practical application. Therefore, it is still urgent
to establish novel strategies to control the disease.

Current molecular vaccine presents an alternative and desir-
able approach. To date, the protective effects of diverse mole-
cules have been investigated on intermediate hosts (sheep, cattle
and mice) including AgB [5], EgP29 [6], Eg95 [7] and on
definitive hosts (dogs) including EgM and EgA31. Among
them, EG95 vaccine, firstly developed against G1 isolates, has
shown remarkable success. The vaccine produced high levels
of protection (96–100%) in sheep against infection and its
efficacy has been demonstrated in independent trials carried
out in several countries [7,8]. Moreover, the acquired immunity
could be transferred from vaccinated pregnant cattle to their
new-born young. These good performances therefore attracted
the interest in assessing if the current EG95 vaccine could be a
universal vaccine against distinct isolates with varied genotypes
other than G1.

It is now well-known that E. granulosus exhibits extensive
isolate variations that may impact the epidemiology, pathology,
and control of CE [9–11], with important implications also for
vaccine design. Variability of EG95 gene in different
genotypes may directly impact the effectiveness of EG95-
based vaccine, which has been revealed in genotype G6 [12].
The situation might also occur in other isolates. In that way, it
could limit the practice use of the current EG95 vaccine in the
control and prevention of CE for various E. granulosus
strains. However, little related information is available
nowadays. Therefore, fully characterizing the polymorphism of
EG95 genes in different E. granulosus isolates is desperately
needed.

This study collected and analysed 97 EG95 sequences orig-
inated from 12 different species and isolated from 10 different
countries. The results implied that the isolates could be divided
into 3 subgroups. Some genetic changes among these isolates
might well influence their antigenicities and thereby cast doubts
on the generality of the efficacy of current EG95 vaccine for all
the different E. granulosus strains. Overall, this study revealed
the genetic variability of EG95 genes, which might provide
guidance for the application of current EG95 vaccine.

2. Material and methods

2.1. The sources of isolates

The 97 EG95 sequences were collected from E. granulosus
isolates deposited in GenBank.

2.2. Homology alignment and phylogenetic analysis

Multiple sequence alignments and the homology were per-
formed using the sequence analysis software Lasergene 1
(DNASTAR Inc., Madison, WI). The phylogenetic analysis was
performed by the distance-based neighbor-joining method using
MEGA5.1 (CEMI, Tempe, AZ, USA). Bootstrap values were
calculated on 1000 replicates of the alignment.

2.3. Analysis of linear and conformational epitopes

The linear epitopes of EG95 genes in different isolates were
analysed according to Woollard et al. [13], which contained four
immunodominant regions (T29ETPLRKHFNLTPV42, S65LKA
VNPSDPLVYKRQTAKF84, D 119IETPRAGKKESTVMTSG
SA138, S137ALTSAIAGFVFSC150).

The characterisitics of conformational epitopes were
described based on the analysis of secondary structure, NXT/S
glycosylation, fibronectin type III (FnIII) domain and glyco-
sylphosphatidylinositol anchor signal (GPI-anchor) [13]. The
secondary structure was predicted by PSIPRED method [14], to
compare a-helixs and b-sheets. The prediction server was
available at http://bioinf.cs.ucl.ac.uk/psipred/.

3. Results

3.1. The profiles of clinical isolates

Ninety-seven EG95 sequences were analysed. Of these se-
quences, 97 were isolated from 12 species of hosts including
cattle (29), sheep (27), dog (10), Homo sapiens (8), buffalo (6),
caprine (5), camel (5), bovine (2), ovine (2), dromedary (1),
canine (1) and pig (1). Moreover, they originated from 10
countries including Indian (23), Brazil (15), China (14), Algeria
(12), Australia (9), Ethiopia (9), Iran (7), Romania (4), Spain (2)
and Argentina (2). Overall, those sequences represented the most
prevalent isolates of E. granulosus in the world.

3.2. All isolates were relatively conservative

X90928, the parental sequence of EG95 vaccine that cloned
from oncosphere, was used as a reference. Those isolates were
72.6–100.0% identical to X90928. In comparison to X90928,
the other 4 isolates from oncospheres, including AF503596,
AF503597, AF503598 and AY421719, shared 97.7–100%
identity while the isolates with G6 (JQ285934, JQ285935,
JQ285937, JQ285938, JQ285939) and G7 (AH013644,
EU595906) only shared 88.5–99.4% similarity. Overall, the
results revealed that the EG95 genes in distinct stages of life
cylce of E. granulosus isolates were relatively conservative.

3.3. These isolates could be grouped into three
subgroups

All isolates were divided into three subgroups according to
the phylogenetic analysis. Among the 97 isolates, eighty-seven
belonged to Subgroup 1, which consisted of 4 isolates from
oncosphere (AF503596, AF503597, AF503598 and
AY421719), the current vaccine EG95 (X90928), 2 G6 isolates
(JQ285934, JQ285935), 2 G7 isolates (AH013644, EU595906),
and others most from G1. This subgroup represented the major
branch. In Subgroup 2, it contained 3 G6 isolaltes (JQ285937,
JQ285938, JQ285939) while 7 isolates (JF357600, JF829212,
AF503599, AF503602, AF503603, AF199347, AF199350) in
Subgroup 3 with unknown genotype. The phylogenetic analysis
showed the existence of genetic diversity of EG95 genes in
different isolates.

3.4. Four linear epitopes were possibly affected by
amino acid mutations

The amino acid replacements were observed in the four
immunodominant epitopes in EG95 protein identified by Wool-
lard et al. [13]. Compared to X90928, the 4 isolates from
oncosphere were highly conservative in these epitopes, with
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only one mutation in peptide 24 (V138 in AF503596). However, a
few of isolates exhibited several mutations. Among the test
samples, 23, 22, 24, 15 isolates showed the alterations of amino
acids in peptide 6, peptide 12/13, peptide 21/22 and peptide 24,
respectively. Notably, the insertion mutation of 7 amino acids in
the Subgroup 3 altered the previous peptide 21/22, leading to
the formation of a new epitope. All those mutations might affect
the antigenicity of the four linear epitopes in EG95.

3.5. One additional glycosylation site appeared in some
isolates

X90928 and the other 4 isolates from oncosphere were found
to have two glycosylation sites at positions 38, 70. The glyco-
sylation site at position 70 was conserved in all analysed iso-
lates. However, other glycosylation sites were changed in the
isolates besides oncosphere. Most of isolates in Subgroup 1 and
2 had a glycosylation site at position 38, while the replacements
(N to S) occured at this position in Subgroup 3, leading to the
disappearance of the glycosylation site. Moreover, 23 isolates in
the study were found to have an additional glycosylation site at
position 63. The changes might alter the biological function of
EG95 in different isolates.

3.6. The secondary structures were partly altered

To compare the potential structural changes after mutation,
we performed secondary structure predictions. The reference
X90928 protein was predicted to have 2 a-helixs and 11 b-
sheets. Among the 97 isolates, 38 shared the similar secondary
structure with X90928. However, lots of isolates were excep-
tional due to variability. Firstly, 22 isolates had 1 a-helixs and 9
b-sheets, and 11 isolates had 2 a-helixs and 12 b-sheets.
Moreover, 11 isolates had 2 a-helixs and 10 b-sheets, and 4
isolates had 2 a-helixs and 9 b-sheets. In addition, 3 isolates
(HM345596, HM345604, HM345605) contained 7 a-helixs and
1 b-sheets that significantly distinguished from X90928.

In summary, the alternation of amino acids, glycosylation site
and secondary structure of EG95, could combinedly affect the
function of FnIII domain [13], which has been thought to play an
essential role in the protective responses induced by EG95.

4. Discussion

EG95 protein is a 16.6 kDa protein from E. granulosus
oncosphere that was originally cloned by Lightowlers et al. in
1996. EG95-based vaccine was presented as a very promising
vaccine against E. granulosus isolates and has high protection
rate in intermediate hosts [7]. However, the vaccine is not widely
distributed worldwide. One potential problem is the uncertainty
of this vaccine against distinct isolates in different countries. The
polymorphism of EG95 gene remains unclear.

This study found that most of the EG95 genes shared a high
similarity except for some isolates with the insertion of 7 amino
acids. The result was consistent to the previous studies in G1
isolates, both of which revealed that EG95 genes in different
isolates were relatively conservative. Remarkably, 4 sequences
derived from oncospheres shared 97.7–100% identity with
X90928, which indicated the high conservation of EG95 genes
in oncosphere. However, whether EG95 gene is conservative in
all E. granulosus isolates still needs further investigation.
It is now well recognized that protection effectiveness
induced by the EG95 vaccine is strongly associated with hu-
moral immune responses [15]. High levels of EG95-specific IgG
antibody are elicited following vaccination and these antibodies
are able to effectively kill the parasite in in vitro culture [7]. Thus
this study mainly analysed the B cell epitope-related character-
izations in EG95 genes in different isolates, to further investigate
the potential influence of genetic diversity of EG95 on the hu-
moral immune responses mediated by B cells.

Previous finding has suggested that the host protective-
epitopes of EG95 vaccine might be linear [15] and 4
immunodominant peptides were then identified [13] to bind the
IgG antibodies obtained from the sera of sheep immunized by
EG95-GST. Some amino acid mutations were found in the 4
regions of the isolates, which might change the linear epitopes.
Actually, the EG95 protein from G6 was found to be unable to
bind all the antibodies raised by sheep vaccinated with the
current EG95 vaccine [16], which potentially led to the less
effectiveness of the vaccine. In this way, the mutated antigen
epitopes of isolates in the present study possibly could not be
neutralized effectively by the antibodies raised by the current
EG95 vaccine, thereby affecting the vaccine efficacy.

However, currently available evidence indicated that the
host-protective epitopes of EG95 were conformational and
might be related to the FnIII domain [13], which consists of 90–
100 amino acids and two b-sheets, since that the specific
antibodies elicited by the 4 peptides did not kill the parasite
in vitro culture assays, nor did the peptides induce protection
against challenge infection [15]. This study therefore focused
on the sequence characteristics that could potentially affected
the conformational epitopes of EG95 proteins in different
isolates.

Firstly, several amino acid mutations occurred in the FnIII
domain of EG95 genes. The FnIII region appeared to be
important for the induction of protective responses since those
recombinant truncated forms of EG95 with incomplete FnIII did
not induce significant protection against infection. Actually, al-
ternations in the conformation of the domain and its conse-
quences have been previously documented in other literature.
For example, new cryptic antigenic sites can be exposed due to a
mechanical perturbation or proteolysis [17]. Also, variations in
amino acid composition in the strands comprising b-sheets and
loops or in specific amino acid residues have demonstrated to
result in the change of the conformation in the FnIII domains
[18]. It is likely that the differences in the predicted amino acid
composition of the FnIII domains in different E. granulosus
isolates would lead to the conformational change that could be
responsible for the emergence of different antigenic epitopes.
In addition, the glycosylation sites (N-X-S/T) of EG95
sequences may play an significant role in biological function,
which may be changed by some slight changes in
glycosylation sites [19]. These differences may compromise the
efficacy of vaccine in other isolates than X90928.

In conclusion, this study analysed the 97 EG95 sequences of
E. granulosus, and found that amino acid substitutions in the
genes potentially altered several linear epitopes, glycosylation
sites and secondary structures, although that they were relatively
conservative in homology. These changes might alter the
conformational epitopes of EG95 proteins such that antigenic
cross-reactivity with the EG95 vaccine would be reduced or
eliminated. This might allow parasites escaping the anti-EG95
immune responses by expressing this protein, which made the



Wei Pan et al./Asian Pacific Journal of Tropical Medicine 2017; 10(5): 524–527 527
parasite insusceptible to the immune responses induced by the
current EG95 vaccine. Although the EG95 gene family has been
characterized in G1 and G6 strains [12,16], the validity of their
results might be limited due to small number of EG95 isolates.
In contrast, this study covered all published EG95 sequences
in GenBank and the results might be more comprehensive.
This study suggested that more vaccination trials would be
needed to test the protective effectiveness of the current EG95
vaccine against distinct isolates in different countries.
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