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Abstract Haemonchus contortus is one of the most

pathogenic and economically important parasites of sheep.

Different H. contortus antigens; crude somatic antigen

(CSA), excretory/secretory antigen (ESA), crude larval

antigen (CLA), glutathione-S-transferase antigen (GST)

and recombinant protein (rhcp 26/23) were prepared and

characterized using sodium dodecyl sulphate-polyacry-

lamide gel electrophoresis (SDS-PAGE) and western blot.

The antigens were immunologically evaluated through

indirect enzyme linked immunosorbent assay (ELISA) for

diagnosis of haemonchosis in experimentally and naturally

infected sheep. Analysis of the resultant bands of SDS-

PAGE demonstrated that 13, 6, 11, 2 and 1 protein bands

from CSA, ESA, CLA, GST and rhcp 26/23, respectively

and analysis of the resultant bands of western blot showed

that 13, 6, 4 and 1 reactive bands detected from CSA, ESA,

CLA and GST, respectively. The results of ELISA of dif-

ferent antigens revealed that sero-prevelance of CSA, ESA,

CLA, GST and rhcp 26/23 were 78.51, 82.34, 85.319,

45.319 and 90.8% respectively, sensitivity were 100, 90,

100, 96.66 and 90%, respectively and specificity were 0,

70, 10, 70 and 6.66%, respectively with diagnostic potency

were 50, 80, 55, 83.33 and 48.33%, respectively. Statistical

analysis using Chi square test found that GST is the best

one that can be used. The cross reactivity of GST antigen,

crude Fasciola antigen and crude Moniezia antigen tested

versus their homologous hyper immune sera at different

dilutions using ELISA. The current study reported that

GST antigen could be considered as a promising antigen

for diagnosis of haemonchosis.
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Introduction

Sheep haemonchosis is a parasitic disease caused by

Haemonchus contortus (H. contortus); a nematode species

that during its adult stage lives in the host’s abomasa.

Clinical cases of the infection manifested anemia, growth

retard and death usually occur in lambs. The severity of

disease depends on variety of factors including; intensity of

the infection, isolated-related parasite virulence, host age,

animal breed, and nutritional and immunological status of

the infected sheep. All these factors can be aggravated by

local environmental conditions (Angulo-Cubillán et al.

2007).

The detection of infection is usually based upon esti-

mation of clinical signs and fecal examinations. But,

clinical signs usually become apparent when the infection

is heavy. Eggs are found in the feces after the prepatent

period of approximately 3–4 weeks at which time the

infection is firmly established and damage is already done.

In order to circumvent these limitations the improvement

of a dependable serological assay as enzyme linked

immunosorbent assay (ELISA) enables the revealing of

subclinical infections and/or the early detection of infec-

tions. Furthermore, sero-epidemiological studies, in which

large groups of animals must be examined, might also

benefit from a reliable ELISA. Usually such a test is, in
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contrast to fecal examinations, accurate and less time

consuming (Schallig et al. 1995a).

In the present study various antigen sources such as

crude somatic antigen (CSA), excretory/secretory antigen

(ESA), crude larval antigen (CLA), glutathione-S-trans-

ferase antigen (GST) and recombinant protein (rhcp 26/23)

have been employed in immune-enzymatic assay with

promising results and characterized by SDS-PAGE and

western blot. However, these serological methods suffer

from some drawbacks such as the lack of detection of

primary infections Gill (1991) and the extensive cross-

antigenicity between most of trichostrongylids (Anderson

et al. 1989 and Cuquerella et al. 1994). So, the aim of the

current study was to determine the most specific antigen for

diagnosis of haemonchosis by ELISA and characterize

prepared antigens by SDS-PAGE and western blot for good

decision in diagnosis.

Materials and methods

Antigen preparation

Adult worms of H. contortus, M. expansa and F. gigantica

were collected from slaughtered sheep at El-Moneib abat-

toir in Egypt from January 2013 to August 2015. Worm

recovery was carried out according to standard procedures

of MAFF (1986). Crude somatic antigens; CSA CFA and

CMA were prepared from collected worms according to

Johnson et al. (2004). ESA and CLA of adult H. contortus

were prepared as described by Prasad et al. (2008) and

Tariq et al. (2008), respectively.

The purified GST of adult H. contortus was obtained

according to Wijffels et al. (1992). Glutathione sepharose

4B column was used for purification of glutathione-S-

transferase, obtained from GE Healthcare., UK. Briefly,

affinity chromatography was carried out as method

described by the instructions in the kit of column. The

glutathione sepharose 4B packed column (2 cm bed height)

was equilibrated with equilibration buffer (Tris–Hcl pH 8).

Adult H. contortus crude extract (11.72 mg) was applied

onto a column. The unbound fractions were eluted by

washing the column with 10–20 bed volumes of equili-

bration buffer till the optical density (OD) value at 280 nm

returned to a steady base line. Then, the glutathione bound

fractions were eluted in elution buffer (50 Mm Tris–Hcl,

10 mM Glutathione reduced PH 9.6) in 1 ml fractions.

Based on the OD value at 280 nm, the eluted fractions

were pooled and concentrated by dialysis against poly-

ethylene glycol, MW 8000. The purified GST specific

activity was determined according to the method of Habig

and Jakoby (1981) with 1-chloro-2,4-dinitrobenzene

(CDNB) as a substrate. Briefly, the enzyme assay was

carried out in a final volume of 1 ml containing Hc-GST,

0.1 M phosphate buffer (PH 6.5), 1 mM CDNB, and 1 mM

reduced glutathione (GSH). The reaction was initiated by

the addition of the aromatic substrate. The change in

absorbance due to the formation of the glutathione conju-

gate of CDNB was recorded at 340 nm once every minute

at 25 �C. The molar extinction of CDNB is 0.0096 lM-1/

cm the enzyme activity was expressed as nmol/min/mg

protein. The purified GST was stored at -20 �C till further

use.

However, recombinant protein of adult H. contortus

(rhcp 26/23) was kindly obtained from Prof. Dr. Omnia

Kandil, parasitology and animal diseases department,

NRC, Egypt.

The protein content of different prepared antigens was

determined according to Lowry et al. (1951).

Serum samples

Six native male lambs of about 6 months old were kept for

4 weeks in-door, before beginning of the experiment, to

acclimate together and were subjected to parasitological

examination for any parasitic infections according to

Schallig et al. (1995a). Three lambs were kept as negative

control non-infected lambs. The other 3 lambs were

experimentally mono-infected orally with 20,000 third

larval stages L3 of H. contortus. Blood samples were

collected after slaughtering of sheep.

Five hundred thirty-six sheep blood samples including;

470 samples were randomly collected, 30 samples were

naturally infected with H. contortus and another 30

samples were non-infected during their post mortem

examination at El-Moneib abattoir in Egypt. In addition

to, 3 positive control samples and 3 negative control

samples were collected from experimentally infected and

non-infected sheep. After clotting of blood, serum sam-

ples were collected after centrifugation at 2000 rpm for

15 min. All samples were stored at -20 �C in small

aliquots.

Twenty-one healthy white New Zealand male rabbits

weighing 1.5–2 kg body weight each were obtained for

preparation of different hyper immune sera. The rabbits

were divided into seven groups; each group had three

rabbits, were housed in isolated ventilated boxes and pro-

vided with dried balanced ration and water throughout the

whole experimental period. One group is kept as negative

control and the other six group were immunized with dif-

ferent antigens; CSA, ESA, CLA and GST of adult H.

contortus, CFA and CMA in order to prepare their specific

hyper immune sera according to Fagbemi et al. (1995).

Briefly, each rabbit was subcutaneously injected with

200 lg of each prepared antigens/kg B. Wt. emulsified

with an equal volume of complete Freund‘s adjuvant. Two
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weeks later, two booster doses of antigens emulsified with

incomplete Freund‘s adjuvant were injected subcuta-

neously within week interval. The rabbits were slaughtered

and hyper immune sera of immunized rabbits with each

antigen type were individually collected, divided in ali-

quots and stored as rabbit anti-adult H. contortus CSA

(HIS-CSA), rabbit anti-adult H. contortus ESA (HIS-ESA),

rabbit anti-larval H. contortus (HIS-CLA), rabbit anti-adult

H. contortus GST (HIS-GST), rabbit anti-adult F. gigan-

tica CFA (HIS-CFA) and rabbit anti-adult M. expansa

CMA (HIS-CMA), at -20 �C till used.

Antigen characterization

Seventy lg of CSA, ESA, CLA, GST and rhcp 26/23 were

electrophoresed using SDS-PAGE, 10% under reducing

condition according to the method of Laemmli (1970).

After SDS-PAGE, protein bands were electro-blotted on

nitrocellulose paper as described by Towbin et al. (1979).

After blocking, the blotted nitrocellulose strips were

incubated overnight against their hyper immune sera; HIS-

CSA, HIS-ESA, HIS-CLA and HIS-GST at dilution 1:200.

After washing, anti-rabbit IgG (whole molecule) peroxi-

dase antibody produced in goat conjugate (Sigma-Aldrich,

USA) diluted at 1:1000 in diluting buffer was added and

incubated for 1 h. Then, the reaction was developed by

incubation of the strips in the substrate solution containing

1-chloronaphthol, 30 mg (Sigma-Aldrich, USA) for

3–5 min.

Serological analysis

Enzyme linked immunosorbent assay was conducted to

evaluate the diagnostic value of different H. contortus

antigens in detection of anti-H. contortus IgG with exper-

imentally, randomly collected and post mortem examined

sheep sera according to the method of Qamar and Maqbool

(2012) and identify the most sensitive and specific antigen

for diagnosis of haemonchosis. In addition, cross reactivity

of chosen antigen; GST of adult H. contortus, CFA and

CMA was evaluated against their hyper immune sera; HIS-

GST, HIS-CFA and HIS-CMA according to the method of

Voller et al. (1976).

The optimal concentration of antigen, antibody and

conjugate dilutions were chosen after preliminary checker-

board titrations following Hudson and Hay (1989). The

wells were coated with 100 ll of each diluted antigen at the
concentration of 0.2 lg/well in carbonate-bicarbonate

buffer, pH 9.6 and incubated for 1 h at 37 �C then incu-

bated overnight at 4 �C. After three washing of plates with

washing buffer PBS-Tween, the plates were blocked with

200 ll/well of blocking buffer (2% dry skimmed milk in

PBS-T) and incubated for 2 h at room temperature. The

plates were then washed several times with washing buffer.

One hundred ll/well of diluted sheep serum samples at

1:200 in diluting buffer and double fold serial dilution of

hyper immune sera; HIS-GST, HIS-CFA and HIS-CMA

(1:50–1:3200) were added as duplicate and the plates were

incubated for 1.5 h at 37 �C. After incubation, the plates

were then washed three times with washing buffer. A

100 ll/well of conjugate; anti-sheep IgG (whole molecule)

peroxidase antibody produced in donkey (Sigma-Aldrich,

USA) and anti-rabbit IgG (whole molecule) peroxidase

antibody produced in goat (Sigma-Aldrich, USA) diluted at

1:1000 in diluting buffer was added and incubated for 1 h

at 37 �C. Then, the plates were washed extensively with

washing buffer. One hundred ll/well of substrate solution

(O, phenylenediamine, one tablet (20 mg/ml) dissolved in

50 ml substrate buffer, pH 5 and 25 ll 30% H2O2) was

added to all the wells and the plates were incubated

10–20 min at 37 �C. The optimum color development was

stopped by addition of 100 ll of stopping buffer (5%

sodium dodecyl sulphate [SDS]) to each well. OD was read

at wave length of 450 nm with an ELISA reader (BIO-

TEK, INC., ELx, 800UV).

The sera were considered to be positive when the

absorbance values were more than the cut off value. The

cut off value was calculated according to Schallig et al.

(1995a) from mean value plus three times the standard

deviation of OD value of negative control sera.

Data analysis

OD data were expressed as arithmetic mean with standard

deviation. The data were analyzed by the statistical com-

puter package for social science (SPSS) using Chi square

test.

Diagnostic analysis parameters were calculated for

CSA, ESA, CLA, GST and rhcp 26/23 according to

Thrusfield (1997).

Apparent prevalence %ð Þ : Total of positive test number

Total number of animals
� 100

Sensitivity %ð Þ

:
True positive number

True positive number þ False negative number
� 100

Specificity %ð Þ

:
True negative number

True negative number þ False positive number
� 100

Positive predictive value %ð Þ

:
True positive number

True positive number þ False positive number
� 100
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Negative predictive value %ð Þ

:
True negative

True negative number þ False negative number
� 100

Diagnostic efficacy %ð Þ

:
True positive number þ True negative number

Total number post�mortem examined animals
� 100

Results

Gel electrophoresis

The results indicated that there were some variations in

numbers and molecular weights (M.W.) of protein bands

between various prepared H. contortus antigens. Elec-

trophoretic profile of different antigens revealed that 13

individual protein bands with M.W. 22, 23.5, 24.5, 27.5,

29.7, 37.6, 41.5, 47.5, 50.9, 57, 64, 93.9 and 115 kDa were

resolved from CSA, while ESA showed 6 protein bands 22,

47.5, 86.8, 105.5, 132.5 and 175 kDa, as well CLA

exhibited 11 protein bands 22, 26.6, 32, 34.8, 41.5, 42.8,

47.5, 54.5, 62.5, 67 and 82.5 kDa. GST has two protein

bands at M.W. 23.5, 24.5 kDa (Fig. 1). In addition, rhcp

26/23 possess one band at 26 kDa (Fig. 2). The current

analysis demonstrated that 2 protein bands 47.5 and

22 kDa are common between CSA, CLA and ESA. Also,

other 2 protein bands 23.5 and 24.5 kDa are dominant

between CSA and GST. While one protein band 41.5 kDa

is shared between CSA and CLA (Fig. 1).

Western blot analysis

Western blot analysis of such antigens showed that CSA

antigen presented 13 immunogenic bands at M.W. 14.6,

25.5, 27.5, 36.9, 41.5, 47.5, 58.7, 63.5, 79.9, 98.5, 126.5,

141.5 and 175 kDa. However, ESA antigen revealed 6

bands at M.W. 14.6, 15.7, 24.5, 98.5, 115 and 175 kDa,

also CLA antigen exhibited 4 protein reactive bands at

M.W. 14.6, 58.7, 62.5 and 175 kDa and GST antigen

showed one immunogenic band at M.W. 25.5 kDa. The

resultant common bands were demonstrated with CSA,

ESA and CLA at M.W. 14.6 and 175 kDa. As well as, a

band at M.W. 25.5 kDa was immune dominant between

GST and CSA antigens. In addition to the reactive bands at

M.W. 58.7 and 98.5 kDa were common between CSA and

CLA & CSA and ESA, respectively (Fig. 3).

Serological analysis

Different H. contortus prepared antigens; CSA, ESA, CLA,

GST and rhcp 26/23 were evaluated in detection of anti-H.

contortus IgG in different collected sera using ELISA

(Table 1). As judged by post mortem examination of 60

slaughtered sheep at El-Moneib abattoir, ELISAs scored that

most of naturally infected sheepwere true positive (Table 1).

Fig. 1 Sodium dodecyl sulfate polyacrylamide gel electrophoresis

(SDS-PAGE, 10%) of crude somatic antigen (CSA, lane 1), excretory

secretory antigen (ESA, lane 2), crude larval antigen (CLA, lane 3)

and glutathione-s-transferase antigen (GST, lane 4) of H. contortus

and pre-stained molecular weights protein marker (lane M,

14–175 kDa)

Fig. 2 Sodium dodecyl sulfate polyacrylamide gel electrophoresis

(SDS-PAGE, 10%) of adult H. contortus recombinant protein (rhcp

26/23, lane 1) and pre-stained molecular weight protein marker (lane

M, 14–94 kDa)
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However, both ELISA of ESA and GST recorded that 21 and

9 out of 30 naturally non infected sheep were true negative

and false positive, respectively (Table 1). Therefore, the

results of ELISA showed that rhcp 26/23 detected the highest

prevalence (90.8%) and GST noticed the lowest prevalence

(45.319%) (Table 2). Moreover, GST scored the highest

diagnostic efficacy (83.33%) followed by ESA (80%). In

addition, GST and ESA antigens recorded the highest

specificity (70%) followed by CLA (10%) (Table 2). Fur-

thermore, GST (76.315%) and ESA (75%) antigens showed

the highest positive predictive value while CLA revealed the

highest negative predictive value (100%) followed by GST

(95.45%) and ESA (78.5%) antigens (Table 2). Interest-

ingly, GST is the better antigen for diagnosis of haemon-

chosis where the statistical analysis using Chi square test

found that GST versus CSA, CLA, ESA and rhcp 26/23

possessed significance difference \0.05 and CSA, CLA,

ESA and rhcp 26/23 versus each other insignificance

difference.

The cross reactivity ofGST,CMAandCFAantigenswere

assessed through reaction against HIS-GST, HIS-CMA,

HIS-CFA and negative control rabbit sera at different dilu-

tion from 1:50 to 1:3200. GST antigen still cross-reacted

with HIS-GST, HIS-CFA and HIS-CMA till serum dilution

1:3200, 1:400 and 1:200 dilutions, respectively. CFAantigen

cross reacted with HIS-GST till 1:100 dilution andwith HIS-

CMA till higher dilution 1:3200. As well as, CMA antigen

cross reacted with HIS-GST till 1:100 dilutions and com-

pletely cross reacted with HIS-CFA till higher dilution

1:3200 (Fig. 4). Thus, the optimum serum dilution that

ensure over coming this phenomena is 1:800 when using

GST antigen for authentic diagnosis of haemonchosis.

Discussion

The current study aimed to characterize different prepared

H. contortus antigens and revise the better specific antigen

for diagnosis of sheep haemonchosis by ELISA with regard

Fig. 3 Western blot analysis of different prepared H. contortus

antigens against their rabbit hyper immune sera; crude somatic

antigen (CSA, HIS-CSA, lane 1), excretory secretory antigen (ESA,

HIS-ESA, lane 2), crude larval antigen (CLA, HIS-CLA, lane 3) and

glutathione-s-transferase antigen (GST, HIS-GST, lane 4) and pre-

stained molecular weight protein marker (lane M, 14–175 kDa)

Table 1 Detection of crude somatic antigen (CSA), excretory/

secretory antigen (ESA), crude larval antigen (CLA), glutathione-s-

transferase antigen (GST) and recombinant protein (rchp26/23)

diagnostic value against randomly collected sera, experimentally

seropositive sera and post mortem parasitologically examined sera;

true positive (TP), false positive (FP), true negative (TN) and false

negative (FN)

Antigens Sera examined by ELISA

470 Randomly collected examined sera Experimental seropositive

absorbance reactivity

60 Post mortem parasitologically examined

sera
Negative number Positive number

Absorbance reactivity 30 Naturally infected 30 Non infected

Low Moderate High TP FN TN FP

CSA 101 238 75 56 Moderate 30 0 0 30

ESA 83 186 150 51 High 27 3 21 9

CLA 69 147 170 84 Moderate 30 0 3 27

GST 257 103 53 57 High 29 1 21 9

rhcp 26/23 43 182 162 83 Moderate 27 3 2 28
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to its sensitivity, specificity, positive predictive value,

negative predictive value and diagnostic efficacy.

The present ELISAs results showed that all different H.

contortus prepared antigens recorded highest sensitivities

(90–100%) when tested sera from naturally infected sheep.

This suggests that ELISA assay is a reliable diagnostic

technique that can be used in detection of IgG of such

infection (Gowda 2014; Kandil et al. 2015). Apparent

prevalences scored by all antigens were high

(78.51–90.8%), except GST antigen which recorded

marked difference percentage (45.319%) nonetheless, sta-

tistically GST antigen versus the other prepared antigen

possessed significance difference \0.05 so, GST consid-

ered the best one. This finding could be returned to the

resultant purified antigen from affinity chromatography has

led to better result in diagnosis (Schallig et al. 1995b). So,

we evaluated GST antigen cross reactivity against HIS-

CFA and HIS-CMA and concluded that the optimum serum

dilution that ensure over coming this phenomena is 1:800

at using GST antigen. Interestingly, GST antigen showed

Table 2 Antigenicity (%) of crude somatic antigen (CSA), excretory/secretory antigen (ESA), crude larval antigen (CLA), glutathione-s-

transferase antigen (GST) and recombinant protein (rchp26/23) of Haemonchus contortus

Antigenicity (%) Antigens

CSA ESA CLA GST rhcp 26/23

Apparent prevalence 78.51 82.34 85.319 45.319 90.8

Sensitivity 100 90 100 96.66 90

Specificity 0 70 10 70 6.66

Positive predictive value 50 75 52.63 76.315 49.09

Negative predictive value 0 78.5 100 95.45 40

Diagnostic efficacy 50 80 55 83.33 48.33

Fig. 4 Evaluation of cross

reactivity between

a glutathione-s-transferase

antigen of H. contortus (GST),

b crude F. gigantica antigen

(CFA) and c crude M. expansa

antigen (CMA) against their

rabbit hyper immune sera; HIS-

GST, HIS-CFA, HIS-CMA and

negative control rabbit serum
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the highest diagnostic efficacy (83.33%) and specificity

(70%). This result could be confirmed by GST antigen has

been successful in early detection of antibody titer post-

infection and has revealed to be an immunogenic protein

with high sensitivity to detect anti-H. contortus antibodies

as early as two weeks post-infection (Salama 2017). The

false positive reactivity appeared with this antigen may be

due to the persistence of antibodies of past infection or

worms might be eliminated by anthelminthic medications

or presence of immature worms in abomasa or recent

infection (Molina et al. 1999 and Kandil et al. 2016). In

addition, the band at 25.5 kDa is the immunogenic band

that may be responsible for the species specificity of this

antigen, although on the gel it appear at 24.5 kDa (Schallig

et al. 1995a; Pour et al. 2014). This finding may be

attributed to this purified antigen success in stimulation of

IgG production against it and it appeared with intense

binding reaction that it measured at 25.5 kDa on blotting

(McKerrow et al. 1990; Richer et al. 1992).

Likewise for ESA antigen can show the same specificity

of GST antigen, this finding could be accredited to the

presence of a 24.5 kDa reactive band on blotting. But, ESA

recorded lower percentages in other parameter except

apparent prevalence (82.34%) was higher than GST anti-

gen and this result may be attributed to the presence of a

common reactive band at 98.7 kDa which appear with ESA

and CSA on blotting and this band may be responsible for

highest true positive number in infected examined sheep

sera which might be resultant from cross reactivity with

other helminthes (Kandil et al. 2015). In this study, the

SDS-PAGE profile of ESA (Fig. 1, lane 2) was differed

than blotting profile (Fig. 3, lane 2). This result could be

returned to ESA antigen is a component of multiple anti-

genic macromolecules of importance in the immunological

and physiological balance between the host and parasite,

thus it differed in its constituents according to methods that

used in its preparation. In addition, coomassie brilliant blue

R-250 wasn’t enough sensitive to stain all antigenic

macromolecules of such extract. However, those molecules

can successively induce IgG response during generation of

HIS-ESA so it appears on blotting (Maizels et al. 1991).

Although the rhcp 26/23 antigen is a recombinant anti-

gen of adult H. contortus that scores the highest prevalence

percentage (90.8%) and sensitivity (90%) but, it showed a

markedly high false positive numbers in non-infected

examined sheep sera that responsible for the low specificity

(6%). This could be returned to the nature of this protein

that successes in immunization of sheep against haemon-

chosis (Garcı́a-Coiradas et al. 2010 and Fawzi et al. 2015)

rather than that could be used in specific diagnosis and

detecting IgG against H. contortus. This confirmed by

SDS-gel electrophoresis which appear a protein band at

26 kDa (Fig. 2).

On the other hand, CSA and CLA also recorded high

false positive number that cause (0 and 10%) specificity,

respectively but the highest sensitivity (100%) each

achieved due to the highest true positive number in infected

examined sheep sera. This may be returned to the cross

reactivity with other helminthes (Schallig et al. 1995a and

Kandil et al. 2016) and the shared immunogenic band at

58.7 kDa which appear on blotting rather than the SDS-

PAGE profile. This may be occur due to this protein band

not abundantly present in the extract of CSA and CLA

antigen so, they didn’t stained by coomassie and didn’t

appear on gel in in addition to electro-blotting was per-

formed in good condition that let this band transferred well

and the IgG antibodies of HIS-CSA and HIS-CLA was

incubated overnight so IgG induced against this protein

band reactivity was appeared.

Therefore, this study concluded that the GST purified

antigen could be considered the most promising antigen

that can be used as bio marker for diagnosis of sheep

haemonchosis.
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