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Abstract
Purpose  Cystic echinococcosis (CE) is one of the most neglected tropical diseases as per WHO which has an immense public 
health significance. Diagnosis of CE is difficult as specific clinical signs are manifested only after the hydatid cyst attains a 
considerable size. Immunodiagnosis is a reliable method of diagnosing CE.
Methods  SDS-PAGE was performed for the hydatid cyst fluid antigens. The antigen purity was tested by Western blotting 
and four different immunoassays were evaluated using these two antigens in sheep and buffalo in diagnosis of CE.
Results  SDS-PAGE revealed four bands of 72, 64, 48 and 24 kDa for crude antigen and a single 72 kDa band for purified 
antigen. Among sheep sera, ELISA was most sensitive (70%) using crude antigen and also while using the purified antigen 
(80%). In case of buffaloes, ELISA, DID and CIEP were more sensitive (83.3%) using crude antigen, whereas DID and CIEP 
were more sensitive (83.3%) using purified antigen.
Conclusion  In sheep, while using the crude antigen ELISA was the most sensitive assay and IHA was the least sensitive 
assay. While using the purified antigen also, ELISA was the most sensitive and others were absolutely specific except for IHA 
being less sensitive. In buffaloes, using crude antigen, all the immunoassays CIEP, DID and ELISA were highly sensitive 
in diagnosing CE infection except IHA, whereas using the purified antigen, both CIEP and DID were more sensitive than 
ELISA and IHA which were comparatively less sensitive in detecting CE in buffalo sera.
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Introduction

Cystic echinococcosis is a parasitic zoonosis that has a 
worldwide distribution across human and livestock popu-
lations. CE is an often-neglected zoonotic disease which 
has an immense public health significance [1]. Larval stage 
(metacestode) of Echinococcus granulosus, a dog tapeworm 
is responsible for CE that affects ungulates (Sheep, cattle, 
buffalo, goat, horse pig) mostly and man is an accidental 
host for this parasite [2, 3]. E. granulosus is generally an 

intestine dweller of canids and among the ungulates, sheep 
is the most affected intermediate host worldwide with a very 
high incidence rates and prevalence rates. In specific, milk 
production, fleece quality and fertility are largely affected 
in sheep. E. granulosus and E. multilocularis are responsi-
ble for cystic echinococcosis and alveolar echinococcosis, 
respectively, which are the most dreadful forms of echino-
coccosis with regard to medical and public health relevance 
in humans [4]. WHO declared CE as a worldwide Neglected 
Tropical Disease (NTD) as this disease is a major problem in 
both human and livestock across many areas worldwide [5].

E. granulosus being a canid intestine inhabitant, the tape-
worm eggs are frequently shed in the canid faeces from the 
gravid proglottids. On accidental ingestion of these eggs by 
a suitable host, most probably through contaminated water 
and food, they hatch in the small intestine releasing an onco-
sphere. Commonest means of disease transmission are con-
taminated vegetables, fruits and water that are consumed by 
human beings [6]. This oncosphere is capable of penetrating 
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the intestinal wall and thus invades other organs through 
blood circulation with the liver and lung being the organs 
of predilection [7]. Following the invasion, oncospheres 
develop into hydatid cysts bearing protoscoleces inside and 
these cysts increase in size over time responsible for myriad 
of clinical complications in the host [8].

CE has been recorded in all continents except for Ant-
arctica, with prevalence levels as high as 5–10% in parts of 
Argentina, Peru, East Africa, Central Asia and China [9]. 
Nations where animal husbandry practices are predominant 
have recorded a greater prevalence of CE relatively and peo-
ple there are at a high risk of contracting CE infection [10]. 
CE when neglected reflects huge socio-economic losses as 
both livestock and humans are affected and livestock pro-
duction losses, like liver condemnation in slaughter houses, 
carcass weight reduction, decline in milk production and 
fertility, are often noticed in CE cases [11]. Further, the 
treatment and management of CE is often expensive and 
time consuming with a very thin probability of recovery 
unless proper surgical intervention is made. CE accounts 
for a huge US$ 193, 529, 740 annual monetary losses to 
man globally [12].

India is a nation largely dependent on agriculture and 
animal husbandry, thus harbours a large number of diseases 
especially in the rural setting. As the sheep–dog lifecycle 
can easily sustain in Indian conditions with both the dogs 
and livestock being at close vicinity often contaminating 
the pastures, CE is a huge concern in India. The conditions 
in India are perfect for establishment and transmission of 
hydatidosis in both livestock and humans [13]. States with 
highest recorded CE prevalence were Saurashtra, Andhra 
Pradesh and Tamil Nadu especially among the food ani-
mals. A prevalence of 4.35% was recorded in Bangalore 
urban district stray dog population [14]. In South India, 
6.5% and 5.8% prevalence were reported in sheep and goat, 
respectively, at a local slaughter house [15]. Unusually high 
seroprevalence rate was recorded in dog handlers [16]. In 
Andhra Pradesh, 118 cases of CE were recorded in hospi-
tals of central and southern epidemic zone during 2009–11 
that implied the widespread and emerging nature of the CE 
infection in AP [17].

As most of the cases of CE are being under reported, 
WHO placed CE under NTD`s category [18]. Most of the 
NTD`s can be readily diagnosed by either clinical signs 
or simple laboratory tests, whereas CE diagnosis is often 
complicated as no pathognomonic clinical signs are mani-
fested in early stages of the disease which are only evident 
after years of infection. Initially, CE might be diagnosed 
by imaging techniques, like X-ray or Ultrasound, which 
are not feasible under field conditions and in addition are 
unreliable owing to a large misdiagnosis due to abscess, 
tumour, calculi and other cysts [12]. For an early and rela-
tively more accurate diagnosis of CE, currently available 

diagnostic procedures are Indirect fluorescence antibody 
test (IFAT), Immunoelectrophoresis (IEP), Enzyme Linked 
Immunosorbent Assay (ELISA), Double Immunodiffusion 
(DID), Indirect Haemagglutination test (IHA) and Counter 
immunoelectrophoresis (CIEP) [19]. Cross-reactivity with 
other parasitic species was a major drawback of these tech-
niques and SDS-PAGE and immunoblotting techniques are 
regarded as more reliable and recent diagnostic approaches 
which can negate the earlier mentioned short comings [20].

CE serology works can be traced back to decades and 
almost every known serological assay has been put to use 
in the diagnosis of CE. A proper inexpensive serological 
assay when developed could be employed as a mass screen-
ing and surveillance tool in the diagnosis of CE in animals. 
Serological assays are comparatively more reliable when the 
right antigen and technique are employed. The efficiency of 
diagnosing CE infection is largely dependent on the anti-
gen used and the immunological technique employed [21]. 
The hydatid cyst fluid is a super-rich source of a myriad of 
antigenic fractions [22–27]. Among several reported frac-
tions, antigen 5 (Ag5) and antigen B (AgB) are most efficient 
purified antigenic fractions with lesser cross-reactivity with 
other helminths. Even WHO also recommends the use of 
AgB for serodiagnosis of CE for more accurate and efficient 
diagnosis [28–30].

As per the works done over years, immunoassays, like 
IHA [31], ELISA [32, 33], Latex Agglutination Test [34] 
and CIEP [35], are normally employed in diagnosing CE 
in animals. Hydatid cyst fluid antigens were used in vari-
ous immunoassays in India with varied rates of sensitiv-
ity and specificity. However, reports indicate that the crude 
hydatid cyst fluid antigen resulted in high cross-reactivity 
with other parasitic infections, like Coenurus and Cysticer-
cus [36], that led to the quest and development of a purified 
hydatid cyst fluid antigen. Purified antigen was reportedly 
more immunogenic compared to the earlier crude antigen 
that encouraged the application of purified antigen over the 
crude antigen. Henceforth, the present study was done to 
evaluate four different immunological techniques (IHA, 
CIEP, DID and ELISA) using a crude hydatid cyst fluid 
antigen and a purified hydatid cyst fluid antigen between 
two species, viz., sheep and buffaloes. The sensitivity and 
specificity of the earlier mentioned assays were studied, the 
two different hydatid cyst fluid antigens were compared and 
their diagnostic efficiency was evaluated in between sheep 
and buffalo species.

Materials and Methods

Hydatid cyst fluid was collected from hydatid cysts that were 
collected from the liver and lungs of sheep. Hydatid cysts 
(N = 80) were collected from the slaughter house from sheep 
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carcasses that were aged between 10 and 14 months. This 
collected hydatid cyst fluid used in the preparation of two 
different hydatid cyst fluid antigens. Serum samples for this 
present study were collected from sheep (n = 150) and buf-
faloes (n = 50) and they were separated as true positives and 
negatives based on the presence of hydatid cysts in their 
liver and lungs observed during post mortem examination.

Microscopic Examination

For the preparation of antigen, only fertile hydatid cysts were 
used after examination of the cyst fluid for the presence of 
protoscoleces. Microscopic examination of the cyst fluid was 
done initially by a wet film examination as per the protocol 
described by Mohanty [37] followed by Haematoxylin and 
Eosin staining procedure for a better visualization of the 
hydatid cyst fluid contents as per the procedure described 
by Thompson [38]. Another staining procedure, Lugol`s 
iodine staining was also performed for the cyst fluid as per 
the method by Patanvadia [39] to verify the use of this stain-
ing along with wet film examination, as this technique is 
rapid and easy comparatively.

Antigen Preparation

Two different antigens were prepared from the sheep hydatid 
cyst fluid, viz., crude hydatid cyst fluid antigen and a puri-
fied hydatid cyst fluid antigen. The crude antigen was pre-
pared as per the method described by Zamani [40] with 
slight modifications. Briefly, the cyst fluid from all the fertile 
hydatid cysts was pooled and was centrifuged at 5000 rpm 
for two minutes. The supernatant was carefully collected 
and was filtered through a 0.4 µm filter initially followed by 
a 0.2 µm filter. The filtrate obtained was the crude hydatid 
cyst fluid antigen and was stored at – 20 ℃ with sodium 
azide as preservative.

A purified hydatid cyst fluid antigen was also prepared 
from the hydatid cyst fluid. In this technique of purified anti-
gen preparation, Sephadex size exclusion chromatography 
was employed based on the procedure of Sbihi [41] with 
slight modifications. A Sephadex G-50 column was prepared 
by allowing the powder to swell overnight and stacking it 
into a column of 10 cm length. The filtered hydatid cyst 
fluid was passed through the column after equilibrating the 
column thrice with Tris–EDTA-NaCl buffer. Numerous frac-
tions were collected into separate Eppendorf tubes and were 
stored at 4 ℃ until further use.

Estimation of Protein

The protein content of the prepared antigens was estimated 
by two different techniques, viz., Bradford method of pro-
tein estimation and Nanodrop method. Bradford method 

of protein estimation was performed as per the procedure 
described by Bradford [42] with minor modifications. A 
Nanodrop spectrophotometer (NanodropLITE) was used for 
estimation of protein content.

Protein Precipitation

For an enhanced SDS-PAGE results, the protein content of 
the cyst fluid antigenic fractions was further increased by 
protein precipitation techniques. The protein precipitation 
was performed by TCA precipitation method and acetone 
precipitation method. The TCA precipitation procedure 
was performed as described by Luis Sanchez [43] and the 
acetone precipitation method was based on the procedure 
mentioned by the Thermo Scientific Pierce [44].

Protein Profiling of the Cyst Fluid Antigens

The protein profile of both the prepared hydatid cyst fluid 
antigens was obtained by subjecting them to SDS-PAGE 
as per the method of Laemmli [45]. Briefly, a 12.5% SDS-
PAGE was performed and was run at 80v for stacking 
gel and 100v for resolving gel. The gel was stained with 
Coomassie Brilliant Blue and destained with a destaining 
solution overnight until proper protein bands were visible.

For a better visualization of the proteins of lower 
molecular weight, Urea PAGE was also performed for the 
cyst fluid antigens as per the method described by Rivera 
[46]. Urea PAGE was performed similar to SDS-PAGE, 
but the resolving gel was 18% gel with 3gms of Urea 
which was slightly warmed for the urea to get dissolved.

Raising of Hyperimmune Serum

Hyperimmune sera were raised against both the crude 
hydatid cyst fluid antigen and the purified hydatid cyst 
fluid antigens in New Zealand White rabbits as per the 
method described by Jeyathilakan [2]. Briefly, the blood 
was collected from the rabbits prior to administration of 
antigen and was preserved as control. Based on the protein 
content of the cyst fluid antigens, the antigen was mixed 
with equal quantity of Freund`s complete adjuvant into a 
fine emulsion and was injected subcutaneously into the 
rabbits. After 14 days, a booster dose was given to the rab-
bits with an emulsion of a cyst fluid antigen and Freund`s 
incomplete antigen. After 10 days, the rabbits were bled 
by ear vein puncture and blood was collected and the 
serum was collected from it and was preserved at – 20 ℃ 
in 0.1 ml aliquots as hyper immune serum.
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Immunochemical Characterization of the Cyst Fluid 
Antigens

The antibody titre of the raised hyperimmune serum against 
both the hydatid cyst fluid antigens was estimated by an Indi-
rect ELISA as per the method of Vatankhah [47] with slight 
modifications. Further, the antigens were evaluated by Dou-
ble immunodiffusion [48], Counter immunoelectrophoresis 
[49] and Indirect Haemagglutination test [47].

The purity of the prepared hydatid cyst fluid antigens was 
tested by Western blotting with the raised hyperimmune sera 
against them as per the method described by Jeyathilakan 
[2] with slight modifications. Briefly, the crude and purified 
antigens were subjected to SDS-PAGE and the obtained pro-
tein bands were transferred onto a nitrocellulose membrane 
[50] using an Electrotransfer Mini system (GeNei™) and the 
membrane was then washed and followed by blocking for 
one hour at 37 ℃ with TBS-T, washed thrice with a wash-
ing buffer, incubated with hyperimmune serum overnight at 
4 ℃ and washed thrice with a washing buffer followed by 
incubation with Anti-rabbit IgG HRP conjugate for 60 min 
at 37 ℃ and a final washing with wash buffer. Finally, the 
membrane was placed in DAB substrate until the appearance 
of colour reaction.

The serum samples that were collected from sheep and 
buffaloes were initially segregated as known positives and 
negatives based on the presence or absence of hydatid cysts 
in their carcass.

Double Immunodiffusion (DID)

Screening of sheep and buffalo sera was initially done by 
DID as per the method described by Hudson [48] with a few 
modifications. Briefly, a 1% molten agarose solution was 
poured onto the slide that was reconstituted in NS and two 
pairs of wells were punched after solidification. The bottom 
of the wells was sealed with molten agarose and antigens 
were added in the central wells and the sera were added to 
the peripheral wells, respectively. The slides were then left at 
refrigerated temperature overnight in a humid chamber and 
were examined the next day for development of precipitation 
line that indicates positive reaction.

Counter Immunoelectrophoresis (CIEP)

The sheep and buffalo sera were screened by CIEP as per 
the method of Jeyathilakan [2]. Briefly, slides were loaded 
with a 1.5% agarose solution reconstituted in normal saline 
and two pairs of wells were punctured 0.5 cm apart. Antigen 
was loaded in the centre wells and the test sera were loaded 
in one peripheral well and the hyper immune sera in another 

peripheral well. The slides were placed in an electrophoretic 
chamber and were run for 45 min at 50 V and were examined 
for formation of precipitation line for a positive reaction.

Indirect Haemagglutination Test (IHA)

The serum samples were also screened by IHA as per the 
method described by Golassa [31] with slight modifica-
tions. Briefly, tanned RBCs were prepared from fresh sheep 
blood and were further sensitized with crude and purified 
cyst fluid antigens separately. These sensitized RBCs were 
added equally in all the wells of a microtitre plate and dilu-
tions of the test sera were also added to the wells and they 
were read after 30, 40, 50 and 60 min.

Enzyme Linked Immunosorbent Assay (ELISA)

Serum samples were also screened by ELISA as per the pro-
cedure of Vatankhah [47] with minor modifications. Briefly, 
the wells of a clean ELISA plate were coated with hydatid 
cyst fluid antigens separately such that the protein concentra-
tion is 1 µg/50 ml in Carbonate-Bicarbonate buffer (pH 9.6). 
The plates were kept at 4 ℃ overnight and were washed three 
times thoroughly with a wash buffer (PBST). The wells were 
then blocked for 45 min at 37 ℃ with a block buffer (PBST 
with 2%BSA) followed by washing. Further, hyper immune 
serum was made into dilutions and added in all wells as 
triplicates and was incubated at 37 ℃ for 2 h followed by 
washing. To those wells, anti-rabbit IgG HRP conjugate was 
added and incubated at 37 ℃ for 90 min. Finally, the wells 
were incubated for 15 min by adding TMB substrate and the 
colour development was stopped by adding stop solution to 
all the wells. The ELISA plate was then immediately read 
under an ELISA reader.

IAEC Reference Number

(281/go/ReBi/S/2000/CPCSEA/CVSc/TPTY/16/VPH/2020 
dated 30.01.2020).

Results

CE diagnosis cannot be done based on imaging techniques 
as various false positives occur that can be attributed to other 
fluid cysts, tumours and abscesses in the body [51]. Hydatid 
cyst fluid antigens which are crude and purified were pre-
pared from fertile hydatid cysts. The collected hydatid cysts 
were separated into fertile and sterile based on the proto-
scoleces by microscopic examination. Out of 125 hydatid 
cysts that were collected from sheep, 92 cysts were fertile 
and 33 cysts were sterile without any protoscoleces. Studies 
on the antigenic potential of hydatid cyst fluid revealed that 
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the fluid from the sterile cysts has very low antigenic activity 
[52] Thus, only the fertile cysts that had the protoscoleces 
were utilized as the source for antigen extraction. The pro-
tein concentration of the crude antigen was estimated by 
Nanodrop and Bradford method of protein estimation and 
the mean protein concentration was estimated to be 2.11 mg/
ml. Purified hydatid cyst fluid antigen was extracted from 
the hydatid cyst fluid by Sephadex size exclusion chroma-
tography and the protein concentration was estimated to be 
1.85 mg/ml. Further, the protein profile of the crude and 
purified antigens was studied by subjecting them to SDS-
PAGE. The crude antigen revealed four different proteins 
of 72, 64, 48 and 24 kDa molecular weight and the puri-
fied antigen revealed a single 72 kDa protein on SDS-PAGE 
(Figs. 1, 2).

Further, Urea PAGE was also employed as it further 
enhances the visualization of lower molecular weight pro-
teins and similar protein profile was observed with the pro-
tein bands being sharper. While using the crude antigen, 
Urea PAGE also revealed a similar protein profile with 72, 
64, 48 and 24 kDa protein bands, whereas using purified 
antigen, a single 72 kDa band was observed; however, the 
bands were very clear, sharp and lesser noise than normal 
PAGE. As urea acts as a further denaturing agent, lower 
molecular proteins were resolved well and the higher weight 
proteins showed a slower migration [46].

Hyper immune serum that was raised against both the 
antigens was examined for the antibody titre by an Indirect 
ELISA and the antibody titre was estimated to be 1:6000. As 
sufficient antibody conc. was determined, the hyper immune 
serum was used as a positive control in the immunoassays.

Among the 150 sheep sera, 20 sera were marked positive 
and among the 50 buffalo sera, 6 were marked positive based 
on the hydatid cyst presence. The four mentioned immuno-
assays were evaluated by using both the crude and purified 
antigen, positive sheep sera (n = 20), negative sheep sera 

(n = 130), positive buffalo sera (n = 6) and negative buffalo 
sera (n = 44).

The sensitivity of the immunoassays was measured based 
on the PM examination of carcass while slaughter. Sera 
from animals that had the presence of hydatid cyst during 
Post-Mortem Examination were considered as gold positive 
standard and the ones without any cyst were considered as 
gold negative standard, respectively. Various immunoassays 
detected the sheep and buffalo sera as positive and negative 
at different rates as given in Table 1. Based on these results, 

Fig. 1   Protein profile of purified antigen by SDS-PAGE. Lane1: Pro-
tein ladder. Lane 2: A single 72 kDa band indicating purified antigen

Fig. 2   Protein profile of crude antigen by SDS-PAGE. Lane 1 : Pro-
tein Ladder. Lane 2 : Four different proteins of 72kDa, 64kDa, 48kDa 
and 24kDa

Table 1   Number of sheep and buffalo sera samples screened by dif-
ferent immunoassays

Immunoassay Sheep sera (n = 150) Buffalo sera (n = 50)

Positive (out 
of 20 sera)

Negative (out 
of 130 sera)

Positive 
(out of 6 
sera)

Negative 
(out of 44 
sera)

Using crude antigen
 DID 12 127 5 43
 CIEP 12 127 5 43
 ELISA 14 127 5 44
 IHA 11 125 3 41

Using purified antigen
 DID 12 130 5 44
 CIEP 12 130 5 44
 ELISA 16 130 4 44
 IHA 12 126 4 44
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the sensitivity and diagnostic efficacies of every immunoas-
say have been calculated.

Among the buffalo sera, the sensitivity values for DID, 
CIEP, ELISA and IHA by using the crude antigen were 
83.33%, 83.33%, 83.33% and 50.00%, respectively, whereas 
the sensitivity values were 83.33%, 83.33%, 66.66% and 
66.66% by using the purified antigen. Among the sheep sera, 
the sensitivity values for DID, CIEP, ELISA and IHA by 
using the crude antigen were 60.00%, 60.00%, 70.00% and 
55.00%, respectively, whereas the sensitivity values using 
the purified antigen were 60.00%, 60.00%, 80.00% and 60% 
for the earlier mentioned immunoassays (Tables 2 and 3) 
(Figs. 3, 4, 5 and 6).

The diagnostic efficacy values of the immunoassays DID, 
CIEP, ELISA and IHA while using the crude antigen were 

Table 2   Immunoassays in the diagnosis of buffalo sera

Diagnosis of CE in buffalo using crude antigen

DID CIEP ELISA IHA

Sensitivity 83.33 83.33 83.33 50.00
Specificity 97.77 97.77 100 93.18
Positive predictive value 83.33 83.33 100 50.00
Negative predictive value 97.77 97.77 97.77 93.18
Diagnostic efficiency 96 96 98 88.00

Diagnosis of CE in buffalo using purified antigen

DID CIEP ELISA IHA

Sensitivity 83.33 83.33 66.66 66.66
Specificity 100 100 100.00 100.00
Positive predictive value 100 100 100.00 100.00
Negative predictive value 97.77 97.77 95.65 95.65
Diagnostic efficiency 98 98 92.00 96.00

Table 3   Immunoassays in the diagnosis of sheep sera

Diagnosis of CE in sheep using crude antigen

DID CIEP ELISA IHA

Sensitivity 60.00 60.00 70 55
Specificity 97.69 97.69 97.69 96.15
Positive predictive value 80.00 80.00 82.35 68.75
Negative predictive value 94.04 94.04 95.48 93.28
Diagnostic efficiency 92.66 92.66 94 90.66

Diagnosis of CE in sheep using purified antigen

DID CIEP ELISA IHA

Sensitivity 60 60 80 60.00
Specificity 100 100 100 96.92
Positive predictive value 100 100 100 75.00
Negative predictive value 94.20 94.20 97.01 94.02
Diagnostic efficiency 94.66 94.66 97.33 60.00

Fig. 3   CIEP slide stained in Coomassie Brilliant Blue stain show-
ing precipitation line between the antigen and antibody wells. Arrow 
indicates the formation of a precipitation line between antigen and 
antibody wells
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estimated to be 92.66%, 92.66%, 94.00% and 90.66% and 
while using the purified antigen 94.66%, 94.66%, 97.33% 
and 60.00%, respectively, in sheep sera samples. Regard-
ing the buffalo sera, the diagnostic efficacy values of DID, 
CIEP, ELISA and IHA while using crude antigen were 
96.00%, 96.00%, 98.00% and 88.00% and while using the 
purified antigen the values were 98.00%, 98.00%, 92.00% 
and 96.00%, respectively (Tables 2 and 3).

Among the four immunoassays that were evaluated, 
ELISA showed a higher sensitivity in diagnosing the 
sheep sera while using both the crude and purified anti-
gen in the assay (Fig. 7). In case of buffalo sera, while 

Fig. 4   Screening of sera sam-
ples by ELISA. Positive and 
negative controls are indicated 
by the arrow- F8 and F9 wells

Fig. 5   Screening of sera 
samples by IHA. Matt forma-
tion and Button formation are 
observed for positive and nega-
tive controls respectively

Fig. 6   Double Immuno Diffusion slide showing a precipitation line 
between the antigen well and antibody well. Wells 1 and 3  were 
loaded with antigen and the wells 2 and 4 were loaded with the anti-
body. The two arrows indicate the formation of precipitation line
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crude antigen was used, ELISA was the most sensitive 
assay along with DID and CIEP; however, while using the 
purified antigen, DID and CIEP were comparatively more 
sensitive assays (Fig. 8). Similarly, in case of diagnostic 
efficacy, in sheep sera, ELISA showed a higher diagnostic 
efficacy and IHA showed the least diagnostic efficacy 
(Fig. 9). In case of buffalo sera, ELISA was the assay with 
highest diagnostic efficacy while the crude antigen was 
employed; however, using the purified antigen revealed 
that CIEP and DID were better assays with higher diag-
nostic efficacy (Fig. 10).

Discussion

CE is one of the most neglected zoonotic diseases across 
the globe affecting both the humans and animals. Diagno-
sis of CE at an early stage proved to be crucial in prevent-
ing the adversities of this disease. Henceforth, early diag-
nosis could be done through immunological techniques 
and in this regard the antigen development proved to be 
crucial in curbing down the cross-reactivity issues with 
some antigens [53]. In this study, the cyst fluid was exam-
ined microscopically for the presence of protoscoleces to 
separate the fertile hydatid cysts for antigen extraction. A 
similar examination was reported prior antigen preparation 
by several authors [37, 54]. Similar staining procedures 

Fig. 7   Sensitivity of immunoas-
says in diagnosing sheep sera

Fig. 8   Sensitivity of immunoas-
says in diagnosing buffalo sera
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were reported to be effective by a few similar studies 
[55–57].

The crude antigen was extracted in this study by a cen-
trifugation followed by double filtration through 0.4 and 
0.2 µm filters successfully. Similar method was reported 
by Itagaki [58] and Kanwar [59]. A lyophilization and 
reconstitution technique of crude antigen preparation 
was reported by Nasrieh [60]. Further Rajabiyoun [61] 
reported an ultrasonic disintegrator-based antigen prepa-
ration method which was a different technique to that of 
this study. Further, a purified hydatid cyst fluid antigen 
was prepared by Sephadex G-50 size exclusion chroma-
tography in this study and similar chromatographic antigen 
extraction was reported by several authors [25, 41, 62].

The protein profile of the prepared hydatid cyst fluid 
antigens was estimated by SDS-PAGE and Urea PAGE. 
SDS-PAGE of the crude antigen revealed 72, 64, 48 and 
24 kDa molecular weight protein bands and similar band 
profile was obtained even in the Urea PAGE with sharper 
bands. For the purified antigen a single 72 kDa protein 
band was observed in both the PAGE techniques. In a simi-
lar study by d`Amelio [63] the crude antigen revealed 67, 
52, 29 and 13 kDa proteins on SDS-PAGE which were 
completely different set of bands to that of this present 
study. Also Kanwar [59] reported the presence of 15 pro-
tein bands of 8–116 kDa weight in a similar study on cyst 
fluid antigens. Similarly, Itagaki [58] reported a slightly 
similar protein profile with eight protein bands of 96, 90, 

Fig. 9   Diagnostic efficacy of 
various immunoassays in sheep 
serum samples for diagnosis 
of CE

Fig. 10   Diagnostic efficacy 
of various immunoassays in 
buffalo serum samples for diag-
nosis of CE
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66, 38, 27, 14 and 8 kDa protein bands on SDS-PAGE of 
hydatid cyst fluid antigens. Several authors [21, 27, 61] 
reported a similar protein profile with similar molecular 
weight protein bands in SDS-PAGE profiling of hydatid 
cyst fluid crude antigens. In a similar report by Has-
sanain [64] different protein bands of 100, 60, 49.5 and 
20 kDa molecular weight were observed. Also, Pagnozzi 
[65] in a study on antigen 5 reported two bands of 57 and 
67 kDa molecular weight, whereas 20–24 kDa bands were 
observed in the protein profile of antigen B.

In a similar study by Jeyathilakan [2] CIEP showed a 
94.67% sensitivity and 74.67% specificity in diagnosing 
CE in sheep using antigen B which indicates that the sen-
sitivity was higher than the results of present study, but 
the specificity values were higher in this study compared 
to that of Jeyathilakan [2]. A lower rate of sensitivity and 
specificity using crude hydatid cyst fluid were reported 
by Sekar [66] and Raman [35] compared to that of the 
results obtained in the present study. Further, Ravinder 
[49] reported that CIEP showed 78.5% sensitivity in diag-
nosing CE but the assay was quite effective as the speci-
ficity recorded was 100% in diagnosing CE in sheep and 
buffalo sera similar to that of the results in this study.

In a report by Maleki [67] an antigen B and another 
pure antigen of hydatid cyst fluid origin were evaluated 
with sensitivity of 86.7% and 83.35% for pure antigen 
and  specificity values of 68.9% and 87.8% for the antigen 
B which were slightly lower than the results that were 
obtained in this present study. Between DID and CIEP all 
the diagnostic parameters were quite similar with the only 
difference being the time taken for appreciating a clear 
precipitation line between antigen and antibody wells. 
CIEP has the edge of developing a line within one hour of 
electrophoresis, whereas DID takes 12–24 h for a clear cut 
line formation. ELISA was another assay employed in this 
present study with appreciable sensitivity and specificity 
across both the species suing both the crude and purified 
antigens. As per the reports by Golassa [31] in a similar 
study, ELISA recorded 96% sensitivity and 83.3% speci-
ficity using a crude antigen in diagnosing CE in buffaloes 
where the reported sensitivity is more than that of the pre-
sent study; however, the specificity recorded in this study 
is quite higher than that of Golassa [31]. Similarly, Lar-
rieu [68] reported a higher sensitivity of ELISA (96.00%) 
than that of this study, but the reported specificity was low 
(83.33%) when compared to the specificity values obtained 
in this study. Similar reports were reported by Golassa 
[31] where IHA sensitivity was 87.20% and specificity 
was 80.9% in diagnosing CE in cattle which were higher 
than those of the results recorded in this study. Similarly, 

low levels of IHA sensitivity and specificity were reported 
by Ibrahem (69) compared to the results obtained in the 
present study.

Conclusion

CE is one of the most neglected parasitic zoonoses that impacts 
the health of both humans and animals across the globe. Early 
diagnosis is very crucial in determining the final impact of 
the disease and for an accurate and early diagnosis, immu-
nological techniques are to be employed. HCF is a source for 
several antigens and in this study a crude antigen and a purified 
antigen were evaluated between which the purified antigen 
resulted in better diagnostic efficiency leading to the conclu-
sion that a purified hydatid cyst fluid antigen would curb the 
cross-reactivity issues of crude antigen. Further, among the 
four immunoassays that were evaluated, in sheep ELISA was 
the most sensitive assay and IHA was the least sensitive assay. 
In case of buffaloes, CIEP and DID were moderately sensitive. 
In this regard, there is an immense scope to develop a universal 
immunoassay that would fit all the species that are susceptible 
and also an antigen with least cross-reactivity has to be devel-
oped in order to have an accurate and early diagnosis of cystic 
echinococcosis. The immunoassays with high specificity could 
be employed for mass screening of CE, whereas a further con-
firmation could be done with the more sensitive assays.
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