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Abstract
Background: Haemonchus contortus (H. contortus) is the most abundant nematode causing
haemonchosis with major economic losses to the small ruminant industry farming worldwide. Effective
prognosis and treatment depend upon the early diagnosis of H. contortus infection. To date, no widely-
approved methods are available to identify prepatent H. contortus infection. The aim of this study was to
evaluate the diagnostic potential of recombinant cold shock H. contortus protein (rHc-CS) during early
and late infections of H .contortus in goat. Results: Puri�ed rHc-CS exhibited a clear band, with a
molecular weight about 38 kDa. No eggs of H. contortus were detected in feces collected at 14 days post
infection. However, Speci�c anti rHc-CS antibodies were detectable in sera of all infected goats during
early stage (2nd week of infection) and late stage (3rd to 14th week of infection) using immunoblotting
assay. Furthermore, no cross reactivity was observed against most commonly found pathogens
(Trichinella spiralis, Fasciola hepatica, and Toxoplasma gondii) and uninfected goats. The format
variables for rHc-CS indirect-ELISA were optimized. The optimum antigen coating concentration was
found 0.28μg/well at 37℃ 1h and overnight at 4°C. Optimum dilution ratio of serum and rabbit anti-goat
IgG was recorded 1:100 and 1:4000 respectively. The best blocking buffer was 5% bovine serum albumin
(BSA) and the best time for blocking, serum incubation and TMB reaction was recorded as 60, 120 and
10 minutes respectively. The cut-off value for positive and negative interpretation was determined as
0.352 (OD450). The diagnostic speci�city and sensitivity of the rHc-CS, both were recorded 100%.
Conclusion: These results demonstrated that rHc-CS is a potential immunodiagnostic antigen to detect
speci�c antibodies at early and late H. contortus infections in goat.

Background
H. contortus is an important haematophagous parasite found in abomasum that may remove about
0.05ml of blood per day [1–3]. Heavy infestation of this helminth may result acute anemia, diarrhea,
edema, weight loss, severe frailty and ultimately death [4,5]. Haemonchosis causes signi�cant economic
losses to small ruminant farming industry, particularly in humid, tropical and subtropical regions of the
world as a consequence of high mortality and morbidity [6–9]. China contributes 17.3% of the total world
goat population [10] with capricious prevalence rate of H. contortus between different provinces [11].

The accurate diagnosis of this parasitic infection is crucial to control. The clinical diagnosis of
haemonchosis mainly relies on the use of conventional fecal egg counts technique and it is di�cult to
detect H. contortus eggs in feces before 3rd week of infection (21–25 days) [12]. Last larval stages of
this parasite feed on blood [13] and loss up to one �fth of the total circulating erythrocyte volume from
young animals [14]. H. contortus starts blood feeding on 11 days post infection (D. P.I) [15] and clinical
signs usually become apparent when the infection becomes serious [16]. Another way to diagnose the
infection of H. contortus is the degree of anemia using FAMACHA system in which an ocular conjunctiva
color chart is used for assessment of anemia to decide which animal requires treatment for nematodal
infestation [15]. However, these methods are often time-consuming, inaccurate, unreliable, laborious to
perform [17] and lacking the e�cacy to detect the infection at early stage. Moreover, these methods are



Page 4/24

also challenging for the intensive farming. Hence, early (2–3 week of infection) detection of this parasite
is crucial to control haemonchosis effectively [18].

Several diagnostic assays such as immunoblotting and ELISA based on somatic antigens, crude protein
and ES antigen have been described previously to detect H. contortus speci�c antibodies [18–21].
Although, shared antigenic composition which leads to cross-reactivity in diagnosis of H. contortus
infection is major disadvantage of these tools [22]. Currently, there is lack of potential immunogenic
antigen based assay which can accurately detect the speci�c infectious stage of this parasitic helminth
in goat. Excretory and secretory products (ESPs) are produced and released by the parasites during
infection [23]. ESPs have important immunological role during early stage of infection and have widely
used as diagnostic antigen because of good sensitivity and speci�city [24]. ESPs contain numerous
proteins which depress the immunity of host and modulate immune system from the early stages of
infection [25]. In recent research, suppressive effects of Heamonchus ESPs (HcESPs) were evaluated.
Cold shock domain containing protein (CS), one of these HcESPs, that binds to goat peripheral blood
mononuclear cells (PBMCs) at L4 and L5 development stages of H. contortus and it can also be
speci�cally recognized from infected goat sera [26]. CS domains are constituent part of nearly all
organisms (prokaryotes and eukaryotes) and present in every cellular compartment. In animals, CS
proteins exhibit broad functions related to growth and development. These proteins have unique ability to
bind with nucleic acid and they regulate not only their own expression but also involve in the regulation of
virulent genes [27]. The presence of cold shock protein may serve for diagnostic purposes as biomarker
[28]. Thus, these proteins can perfectly act as immunodiagnostic tool in early stage of infection [24]. To
overcome the challenges in immunodiagnosis of H. contortus and to improve control strategies, a
potential antigen based immunodiagnostic assay is needed.

This study was aimed to evaluate the diagnostic capacity of rHc-CS to detect antibodies during early and
late H. contortus infections in goat using immunodiagnostic assays.

Methods

Ethical statement
All experimental protocols were approved by the Science and Technology Agency of Jiangsu Province
(Approval ID: SYXK (SU) 2010–0005).

Animals and Parasites
Local crossbred female goats (n = 35), aged approximately 6 months, were bought from a farm in Xuyu
city of Jiangsu province and kept in animal house of Nanjing Agricultural University (NAU) under
controlled conditions. All goats were orally administered Levamisole (8 mg/kg body weight) at two week
intervals to remove natural parasitic infections. Microscopic analysis of fecal samples was performed
twice per week for helminth eggs. Helminthes free goats were used in further experiments.
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Goats were divided randomly into group 1 (n = 5), group 2 (n = 28) and group 3 (n = 2). Group 1
(experimental) was arti�cially orally infected with 5000 infective larva of H. contortus (L3) and group 2
with 8000 L3, while group 3 was kept un-infected as control. Fecal samples were examined to con�rm H.
contortus infection following the standard parasitological methods. After completion of the study,
infected goats were euthanized by injecting sodium pentobarbital (>150 mg/kg) intravenously [29].

Female SD rats of 150 g body weight (n = 6) were bought from the Experimental Animal Center of
Jiangsu, PR China (Certi�ed: SCXK 2008–0004). Rats were randomly divided into two groups
experimental (n = 3) and control group (n = 3) to collect polyclonal antibodies. Rats were kept in sterilized
room and supplied with food and water.

Infected larvae of H. contortus (L3) were collected for experimental infection through conventional
method [26]. Brie�y, feces from H. contortus infected-goat were collected, crushed, mixed with water and
combined with vermiculite to make mixture moist. The pan was covered with aluminum foil having
several holes to allow air �ow and put at room temperature for ten days. To recover, larvae mixture was
�ltered through cheesecloth and identi�ed larva microscopically. The larvae were preserved at 4°C in
penicillin G added water until use.

Serum samples
Blood samples were collected from helminth free goats of all groups before challenging the infection to
evaluate the cut-off value and speci�city. Serum samples were collected from group 1 at speci�ed days;
one day prior challenging infection (control) and 7 to 103 days post challenging infection with week
interval for antibody detection. Serum samples from group 3 were obtained after con�rmation of H.
contortus infection by examination of fecal samples and were used to evaluate the sensitivity. Sera were
stored at –20°C after preparation. Various antisera against Trichinella spiralis (T. spiralis),, Fasciola
hepatica (F. hepatica) and Toxoplasma gondii (T. gondii) (provided by Professor Yan) were also used to
evaluate the speci�city.

Puri�cation of recombinant protein of H. contortus
The recombinant plasmid of CS (pET–32a+rHc-CS) was provided by MOE joint international Research
Laboratory, Preventive Veterinary Medicine, NAU (GenBank: CDJ84294.1) and puri�ed by standard
protocol described previously [30]. Brie�y, transformation of recombinant plasmid into E.coli BL21 (DE3)
was performed and cultured in ampicillin (100µg/ml) containing LB medium (Luria Bertini). After that,
induction of protein expression was done at 37°C using IPTG (Isopropyl β-D-thiogalactopyranoside;
Sigma-Aldrich) to make 0.6 (OD600). Culture was centrifuged at 4500rpm for 15 min and supernatant was
discarded. Pallet was lysed by using lysozyme (10µg/ml Sigma-Aldrich) followed by sonication. 12%
(w/v) SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel electrophoresis) was used to examine the
sonication products. Manufacturer’s instructions were practiced to purify recombinant protein using Ni2+

https://cn.bing.com/search?q=iv+intravenous&FORM=AWRE
https://www.ncbi.nlm.nih.gov/protein/560135441
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nitrilotriacetic acid column (GE Healthcare, USA). The rHc-CS protein purity and quanti�cation were
performed by 12% SDS-PAGE with Coomassie blue stain and Bradford method respectively [31]. Protein
toxins were removed utilizing Toxin EraserTM Endotoxin Removal kit (GeneScript, USA).

Immunoblotting assay
Immunoblotting plays preliminary role in selection of target protein to diagnose the infection of H.
contortus and to evaluate the immunogenicity and immunoreactivity of antigen [32]. Complete Freund’s
adjuvant mixed with rHc-CS protein (300μg) was injected subcutaneously in SD rats of experimental
group to obtain polyclonal antibodies. After 2 weeks, three more doses of this protein mixed with Freund’s
incomplete adjuvant were injected at 1-week interval. After one week of the last dose, SD rats were
anesthetized with 25% iso�urane (inhaling anesthesia) by open drop method [29] and blood samples
were collected from eye. Finally, SD rats were euthanized by head dislocation. The serum samples from
experimental group and control group were prepared and used in immunoblotting to evaluate the
immunoreactivity of rHc-CS. The sera from normal rats were also used as negative control.

Immunoblotting analysis was also performed to evaluate the antigenic characteristics of recombinant H.
contortus CS (rHc-CS) at early stage as well as late stage of H. contortus infection in sera of
experimentally infected goats (Group 1). The puri�ed rHc-CS was �rst separated on 12% SDS-PAGE and
transferred onto PVDF (polyvinyl di�uoride membrane, Millipore, Billerica, USA) with the help of semi dry
system (Novablot Hoefer, USA) and transfer solution (Tris 48 mM, glycine 39 mM, SDS 0.0375%,
methanol 20%). The membrane was blocked with 5% skimmed milk diluted in TBS-T (Tris-
Buffered Saline containing 0.05% Tween 20) for 2h at 37℃. The PVDF membrane was cut into �ve
strips, washed (3 times) and incubated with anti-H. cortortus 1:100 diluted goat serum (primary antibody)
for 2h at 37℃. Following 3 washes with TBS-T the strips were incubated with 1:4,000 diluted Horseradish
Peroxidase (HRP) conjugated rabbit anti-goat IgG (Sigma, Hilden, Germany). Subsequently, the strips
were washed �ve times and immunoreactions were observed by virtue of substrate (Tanon™ High-sig ECL
Western Blotting). Upon each blood sampling day, the whole immunoblotting practice was repeated
whereas the primary antibody differed. All anti -H. contortus sera separated from infected and non-
infected goats (Group 1), on those sampling days were taken as the primary antibody. Immunoblotting
also helped to check the speci�city of rHc-CS against infected sera of T. spiralis, F. hepatica and T. gondii
as primary antibody.

Optimization of indirect-ELISA
Indirect-ELISA was performed to assess the immunodiagnostic potential of rHc-CS [33]. The rHc‐CS
indirect-ELISA was optimized by evaluation of numerous format variables including working dilution of
rHc-CS antigen (4.5 to 0.07 μg/well), serum samples (1:25 to 1:200 dilutions), secondary antibody HRP
conjugated rabbit anti-goat IgG and working time of antigen coating, blocking, serum incubation and
tetramethylbenzidine (TMB) reaction (Table 1). Furthermore, best blocking buffer was also determined
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using same method. The optical density (OD) values derived from the checkerboard were calculated and
showed as the positive to negative (P/N) ratio [34]. The highest P/N (OD450 of infected serum / OD450 of
non-infected serum) value (>2.1) was used to optimize the experimental conditions.

Establishment of Indirect ELISA
In order to evaluate the diagnostic potential and to ratify the immunoblotting results of the rHc-CS, an
indirect-ELISA with optimal conditions was performed as discussed previously [35]. Brie�y, the reaction
was performed in 96-well �at bottom without lid high binding plates (Costar, Bodenheim, USA) in
triplicate. The wells were coated with 100μl of diluted rHc-CS in 0.05M carbonate buffer solution (CBS; pH
9.6) followed by overnight incubation at 4°C. Next day after washing, all wells were blocked with 100μl
BSA (bovine serum albumin) for 2h at 37℃. Then washed three times with TBS-T, 100μl of positive and
negative goat sera, diluted in blocking buffer, were added to known well and incubated at 37 °C. After 2h
incubation, wells were washed again (3 times) and incubated with 100μl of diluted secondary antibody
HRP conjugated rabbit anti-goat IgG at 37℃ for 1 h. Then the last three washings were performed to add
100μl TMB in each well and incubated for 10 min in the dark at room temperature. The color reaction was
stopped by adding 100μl/well of 2M H2SO4. The OD of wells was read at a wavelength of 450 nm using
micro plate reader (Thermo Fischer Scienti�c, Waltham, MA, USA). Moreover, to investigate the further
feasibility of indirect ELISA, serum samples (n = 33) from goats infected with H. contortus were used to
calculate diagnostic sensitivity and serum samples (n = 35) from non-infected goats were evaluated to
calculate diagnostic speci�city. The sensitivity and speci�city were de�ned using following formula
described previously [36].

[Due to technical limitations, this equation is only available as a download in the supplemental �les
section.]

Additionally, a total of 12 serum samples (4 samples for each parasite) collected from goats infected
with T. spiralis, F. hepatica and T. gondii were used to evaluate the cross-reactivity. This experiment was
performed in duplicate.

Determination of cut-off value
Total 35 negative blood sera were used to determine the cut-off value. The cut-off value was calculated
by taking “mean absorbance values of known negative sera + (3× standard deviation)" [37]. The
experiment was repeated twice and for the interpretation, any goat sera that had an OD450 value greater
than the cut off value was considered as seropositive while OD450 value lower than cut-off value was
considered as sero-negative [38].

Statistical analysis
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The Receiver operating characteristic (ROC) analysis was used to simulate the in�uence of different cut-
off values on the sensitivity and speci�city of the test [39]. ROC curves were obtained using statistical
software MedCalc (version 15; http://www.medcalc.be). Statistical analysis of the data was evaluated by
using the Graph Pad Prism™ v6 07 software.

Results

Puri�cation and Immunoblotting
The rHc-Cs was puri�ed as His tagged fusion protein and resolved on 12% SDS-PAGE and had a
molecular weight (MW) of about 38 kDa (Fig. 1a). Immunoblotting analysis revealed that HcESPs could
be recognized by antibodies generated against rHc-CS protein in SD rats. The molecular mass of the
native CS protein was 20 kDa, which was the same molecular weight as that of the rHc-CS after reduction
from pET–32a protein (Fig. 1b, Lane 1). While, no protein was detected with normal rat sera (Fig.1b, Lane
2)

Initial antibodies were detected by immunoblotting in sera of all arti�cially infected goats of group 1,
collected at prepatent stage (14 D. P.I). The sera of all H. contortus-infected goats had detectable
antigenicity at 21, 35, 49, 63, 85, and 103 days of infection, while, no IgG antibody against rHc-CS was
detected in sera collected before infection and 7th day of infection (Fig. 2). Furthermore, the rHc-CS
antigen did not show any cross-reaction with goat anti-sera of T. spiralis, F. hepatica and T. gondii spp.,
and no false positive results were observed (Fig. 3). These �ndings suggest that protein rHc-CS had good
immunorectivity and antigenic characteristics which detected the speci�c antibody during early and late
stages of H. contortus infection.

Optimization of rHc‐CS Indirect-ELISA
The rHc‐CS indirect-ELISA was optimized by evaluation of several format variables utilizing a small set of
four samples that included two known positive and two known negative sera (group 3). Through
checkerboard titration methods, the optimum coating concentration of rHc-CS was to be found
0.28μg/well and the optimum dilution ratio of serum was 1:100 with the highest P/N (OD450 = 5.085)
value (Table 2). Subsequently, the best working concentrations of the rabbit anti-goat IgG was determined
1:4000 (the antibody titer was 5.706). Then, optimization of other format variables was carried out. The
results showed that the best incubating condition was 37℃ 1h and overnight at 4°C with 5.117 P/N
value (Fig. 4A). Among different percentages of blocking buffers (milk and BSA), 5% BSA showed best
performance with P/N = 5.222 (Fig. 4B). The best dilution of rabbit anti-goat IgG was recorded 1:4000
that showed highest titration (5.706) results (Fig. 4C). The optimum incubation time of serum and
blocking buffer was 60 and 120 minutes respectively (Fig. 4D; Fig. 4E), while best TMB reactive time was
10 minutes (Fig. 4F). Using this optimized rHc‐CS indirect-ELISA format, P/N ratios were determined for

http://www.medcalc.be%29/
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all sera that were already categorized as either H. contortus positive or negative for optimization of
format variables.

Determination of the cut-off value
The cut-off value in indirect-ELISA for negative sera was 0.352 as determined by mean value (0.244 ±
0.004) plus three multiplied by standard deviations (3 × 0.036) of the OD values obtained from 35 known
negative goat sera. The sera isolated from positive group showed signi�cantly higher OD450 (> 0.352) as
compared to negative group (OD < 0.352). While, signi�cant differences (P < 0.05) in mean OD values
between H. contortus infected goats’ sera (0.645 ± 0.012) and uninfected sera (0.244 ± 0.004) were
observed by t-test.

ROC curve analysis
The in�uence of different cut-off values on the sensitivity and speci�city of this antigen was investigated
by using the ROC curve analysis. This analysis resulted in a maximum value for the combined sensitivity
and speci�city at a cut-off value of 0.352 (100% sensitivity, 100% speci�city). The least difference
between sensitivity and speci�city occurred at a cut-off value of 0.387 (96.8% sensitivity, 100%
speci�city). Furthermore, at a cut-off value of 0.316 100% sensitivity and 96.8% speci�city were recorded.
The area under the ROC curve (AUC) with this cut-off was 1, which is the perfect classi�cation value
indicating high accuracy of the cut-off for classifying serum samples into positive or negative. Thus,
rHc‐CS indirect-ELISA cut-off value of ≥ 0.352 was selected for further use to provide maximum
sensitivity with very good speci�city (Fig. 5).

Sero-diagnostic potential of rHc‐CS indirect-ELISA
The rHc‐CS has de�nite potential for serological diagnosis through the established indirect ELISA. The
rHc‐CS indirect-ELISA showed 100% sensitivity against well-characterized positive sera and 100%
speci�city against helminth free sera while no false positive/negative results were observed. For
Analytical sensitivity, 33 known positive sera were analyzed. rHc‐CS indirect-ELISA had a sensitivity of
100% as all (33/33) positive sera were above the cut-off line (0.352). The analytical speci�city was
evaluated for sera positive to T. spiralis (n = 4), F. hepatica (n = 4) and T. gondii (n = 4), which are other
commonly co-infecting parasites with H. contortus in goats from endemic areas. All of these other
parasites infected sera and known non-infected sera were below the cut-off line in the rHc‐CS indirect-
ELISA, demonstrating suitable analytical speci�city against closely related co-infecting parasites. Scatter
plot analysis showed signi�cant differences (P < 0.05) between H. contortus infected sera and other
parasites positive sera, while no signi�cant difference (P > 0.05) was observed between H. contortus free
negative sera and other parasites’ positive sera (Fig. 6). In order to diagnose haemonchosis in goats,
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100% sensitivity of this antigen was measured while; no negative control was higher than the cut-off
point.

Discussion
H. contortus is the most predominant nematode causing haemonchosis with major economic losses to
the small ruminant’s industry worldwide. It may cause high mortality and morbidity rates in domestic
animals [16]. Early diagnosis of the infection is crucial for effective control of H. contortus infection
because last two larval stages of this parasite feed on blood and loss up to one �fth of the total
circulating erythrocyte volume from young animals and may cause fatal anemia [15]. The serological
methods become important for the diagnosis of parasite as they are more accurate in comparison to EPG
test and they are able to diagnose infection in a short time [40] (Naeemipour et al., 2016).

Recently different antigens such as somatic antigens, larval antigen and crude antigen were evaluated for
immunodiagnosis against H. contortus infection [12,21,41]. However the cross reactivity among different
helminthes and low sensitivity are the limiting factors of these antigens. ESPs are released by parasites
within the body of host and these products played vital role in pathogenesis and modulation of the
immune response at the early stage of infection. H. contortus interaction with host starts after the
transition of L3 into L4 stage [42]. Recombinant protein, having high immunoreactive concentration, may
act as best immunodiagnostic antigen by achieving high sensitivity and speci�city [38,43–49].
Recombinant Hc-CS is a major constituent of HcES proteins [26] which may have potential to diagnose H.
contortus at early stage of infection. This study was designed to evaluate the speci�c antibodies
detection during early and late infections of H. contortus using immunoblotting and indirect-ELISA based
on rHc-CS in experimentally infected goat.

Immunoblotting is a useful technique to detect speci�c pathogen and for antigen potency
immunodiagnostic studies [50]. A con�rmatory test for immunoblotting-positive sera was required to
overcome the possible false positive results that may affect the certain diagnosis of infection [24]. In this
study immunoblotting results indicated that rHc-CS showed high immunoreactivity against polyclonal
antibodies generated in sera of SD rats. The ELISA is a powerful tool as it provides a less time
consuming, easy and safe way to perform serological detection. The association between ELISA and
immunoblotting techniques can be seen as a potent way to increase sensitivity for immunodiagnosis
purposes [39]. Previously one study was performed to detect H. contortus-speci�c antibody in prepatency,
early and late patency of H. contortus infections using Hc26-based ELISA and immunoblotting but in
sheep [50]. Another study was performed using recombinant protein recIgE1–2 to detect anti-H. contortus
antibody in infected sheep’s serum collected at 2–4 weeks post infection but immunoblotting assay
showed cross-reactivity against sheep sera [51]. In contrast, the immunoblotting results of this study
revealed that rHc-CS speci�cally reacted with antibodies present in all H. contortus infected-goats’ sera
collected from not only in early stage (14 D. P.I) but also collected sera up to 103 D. P. I. Hence, antibody
detection has been proved to be more sensitive than traditional parasitological microscopic techniques
during early stage of infection. It is needed in areas characterized by a low level of transmission, low
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prevalence and particular low intensity. [52]. (Chao et al., 2016 Furthermore, rHc-CS based
immunoblotting did not show any cross-reaction with the sera of goats infected with T. spiralis, F.
hepatica and T. gondii. Antigenicity, sensitivity and speci�city may be in�uenced by the secretion time of
antigen. It has been reported that rHc-CS releases at 14 and 60 D. P.I [26] and antibodies against this
molecule are produced.

In this study, the diagnostic sensitivity and speci�city of the rHc-CS indirect-ELISA were much higher than
the performance reported in a previous study [21] in which a somatic antigen design in a conventional
indirect-ELISA format was performed. This contrast could be related to higher binding e�ciency of rHc-CS
antigen, as type of antigens may in�uence sensitivity, speci�city and cross reactivity of assay [53]. In a
research, crude Excretory-Secretory (ES) protein of H. contortus was used in Dot-ELISA in which solid dot
formation took place with 4th day and 1–3 weeks post infection sera but cross reactivity of this antigen
with other nematode and trematode was not checked [18]. In previous study, indirect ELISA using somatic
and adult larval antigen results in relatively lower diagnostic speci�city because of cross-reactivity with
closely-related H. contortus species and possibly other genera [9]. In present study, both sensitivity and
speci�city of the rHc-CS indirect-ELISA were measured as 100%, that is similar to the �ndings of previous
study in which His-ES24-based ELISA was performed to detect speci�c antibodies in H. contortus infected
serum samples of sheep [24].

Various types of false negative and false positive reactions may in�uence, irrespective of antigens in
indirect-ELISA [54]. To determine the background noise reactions, optimization of best antigen and
antibodies dilution are crucial to improve the diagnostic potential of assay. After standardization of rHc-
CS based indirect-ELISA, checkerboard titration results showed best performance with optimal antigen
coating concentration (0.28μg/well), optimum serum 1:100 dilution ratio and the best working
concentrations of the rabbit anti-goat IgG (1:4000). Another factor which may in�uence in the assay and
encourage the false positive/negative reaction is blocking buffer as well as its incubation time [55]. To
minimize the false positive/negative reaction, different blocking buffer’s dilutions were optimized with
different incubating times. Incubation time of buffer has signi�cant effects on the performance of the
assay. The optimized results showed that the best blocking buffer was 5% bovine serum albumin (BSA)
which is consistent with the �ndings of previous study. [56]. The optimum reactive time of blocking and
TMB was recorded as 60 and 10 minutes respectively. The best P/N value (6.44) was recorded when
serum was incubated for 120 minutes. To reduce time consumption, serum can be incubated for 60
minutes because P/N value was observed positive (P/N>2.1). This standardized rHc-CS indirect-ELISA
will be more authenticated tool for identifying goats in the prepatent stage of H. contortus infection than
other antigen-based assays. The rHc-CS antigen based indirect-ELISA is a pivotal tool for identifying H.
contortus -infected goats in endemic areas and preventing their movement to non-endemic and free
areas. This assay has high sensitivity and speci�city for downstream application in �eld studies. The
results of this study will facilitate the low cost early serological diagnosis of large number of animals and
possibly vaccine development against the infection of H. contortus. However, further epidemiological
surveillance studies with large number of samples are required to �ne tune this assay.



Page 12/24

Conclusions
To the best of our knowledge, it is the �rst report on the use of rHc-CS in indirect-ELISA format for
prepatent immunodiagnosis of H. contortus infection in goats. Combine use of immunoblotting and
indirect ELISA showed that rHc-CS is a speci�c, sensitive, and potential immunodiagnostic antigen which
can consistently detect H. contortus antibodies in goats during early as well as late infection of H.
contortus.
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Tables
Table 1 The optimization of the indirect ELISA for rHc-CS antigen

Format variables Options

Antigen coating time 37℃ 2h-4℃ overnight, 37℃ 1h- 4℃ overnight,

4℃ overnight, 37℃ 2h

Goat anti-rabbit IgG dilution 1:2000, 1:4000, 1:8000, 1:16000

Blocking Buffer 2%BSA,3%BSA, 4%BSA, 5%BSA,

2% MILK, 3% MILK, 4% MILK, 5% MILK

Serum Incubation Time 30 min, 60 min, 90 min, 120 min

Blocking Time 30 min, 60 min, 90 min, 120 min

TMB reaction time 5 min, 10 min, 15 min

Table 2 Determination of the optimal rHc-CS coating concentration and serum dilution for indirect-ELISA
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 Serum
Dilution 

OD450 values of rHc-CS at
different coating
concentrations

  0.07 0.14 0.28 0.56 1.12 2.25 4.5

1:25 (P) 0.469 0.79 1.209 1.202 1.364 1.563 1.857

(N) 0.191 0.296 0.354 0.529 0.639 0.941 1.609

P/N 2.455 2.669 3.415 2.272 2.135 1.661 1.154

1:50 (P) 0.402 0.685 1.19 1.185 1.216 1.491 1.632

(N) 0.182 0.213 0.294 0.343 0.549 0.769 1.418

P/N 2.209 3.216 4.048 3.455 2.215 1.939 1.151

1:100 (P) 0.355 0.511 1.012 1.199 1.285 1.379 1.401

(N) 0.171 0.177 0.199 0.262 0.441 0.686 1.292

P/N 2.076 2.887 5.085 4.576 2.914 2.01 1.084

1:200 (P) 0.238 0.413 0.779 0.865 0.928 0.974 1.228

(N) 0.174 0.134 0.166 0.226 0.307 0.507 1.003

P/N 1.368 3.082 4.693 3.827 3.023 1.921 1.224

Abbreviations: P: positive serum; N: negative serum.

Note: Bold represent the optimum conditions for this indirect-ELISA method, the highest P/N value is
5.085.

Figures
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Figure 1

Puri�cation and immunoblotting of rHc-CS protein. Lane M: standard protein pre stain molecular weight
Marker. A Lane 1: Puri�ed rHc-CS protein. B Lane 1: HcESPs were detected by rat anti-rHC-CS protein
antibodies; Lane 2: membrane incubated with normal rat sera (as control).
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Figure 2

Immunoblotting of rHc-CS for speci�c antibody detection during different stages of H. contortus
infections. Vertical axis: Lanes 1-5: Different Goat Labels; Horizontal axis: Different days of serum
collection (0, 7, 14, 21, 35, 49, 63, 85, and 103). Antibodies against rHc-CS were detectable at early stage
(14 D.P.I) and late stages (21 -103 D.P.I). No antibody detection was observed at 7 D.P.I and before
challenging infection day.
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Figure 3

Immunoblotting of rHc-CS antigen to determine crossreactivity. Lanes shown are as follows: M =
standard protein pre stain molecular weight Marker; Lane 1: membrane incubated with positive T. spiralis
serum; Lane 2: membrane incubated with positive F. hepatica serum; Lane 3: membrane incubated with
positive T. gondii serum; Lane 4: rHc-CS was recognized by goat anti-H. contortus sera (positive control).



Page 22/24

Figure 4

Optimization of indirect-ELISA. Graph A: Selection of antigen incubating condition; Graph B; Selection of
blocking buffer; Graph C; Selection of optimal dilution of rabbit anti-goat IgG; Graph D; Selection of
reactive time of serum; Graph E: Selection of blocking time;; Graph F: Selection of reactive time of TMB.
The P/N (OD450 value of positive serum/OD450 value of negative serum) value of each group was
showed on the each bar (right Y axis), P/N value (>2.1) was determined to be positive results (+). The best
condition (the highest P/N value) of each other was pointed by red arrows (↑).
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Figure 5

Receiver-operating characteristics analysis of the indirect-ELISA. Sensitivitiy and speci�city were
calculated using serum samples from experimentally infected and non-infected goat with H. contortus.
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Figure 6

Sensitivity, speci�city and cross-reactivity of indirect-ELISA based on rHc-CS. The dotted horizontal line
represents the cut-off value (OD450=0.352). Statistically signi�cant differences were observed between
H. contortus- positive sera and the other organisms sera (T. spiralis, F. hepatica and T. gondii-positive and
H. contortus-negative sera). No signi�cant difference was noted between the H. contortus-negative and
other parasites-positive serum samples.
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