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Abstract
Aim: The aim of this study was to investigate the early diagnosis of strongyle infection based on early changes in Th1 
and Th2 cytokines beside the diagnostic accuracy values and sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and western blotting profiles using prepared strongyles antigens.

Materials and Methods: A total of 73 donkeys had a mean age of 4-32 years old were parasitologically examined for 
strongyle infection. The early changes in Th1 and Th2 cytokines were determined, and the diagnostic accuracy values and 
SDS-PAGE and western blotting profiles were performed using prepared strongyles antigens; crude somatic Strongylus 
vulgaris (CSS), excretory-secretory S. vulgaris (ESS), crude somatic Cyathostomins (CSC), and excretory-secretory 
Cyathostomins (ESC).

Results: The results revealed highest 437.04% and lowest 37.81% immunoglobulin G (IgG) in high and low egg shedder 
groups when using ESC and CSS antigens, respectively. Antibodies index for ESS and CSC were significantly higher in 
moderate egg shedder group while that for ESS and CSC, ESC was significantly higher in high egg shedder group. Tumor 
necrosis factor alpha (TNF-α)/interleukin-4 (IL-4) balance in S. vulgaris infected donkeys was approximately equal in 
apparently healthy, low and high egg shedder groups while TNF-α < IL-4 in moderate egg shedder. In Cyathostomins 
infected animals, TNF-α/IL-4 balance was approximately equal in apparently healthy group while it was low in moderate 
and high egg shedder groups. The diagnostic accuracy showed that the higher specificity (46.6%) and prevalence (95.40%) 
were recorded by CSS and ESC antigens, respectively. However, SDS-PAGE and western blotting profiling proved that the 
band at molecular weight 25 kDa is exhibited by CSS antigen.

Conclusion: Combination of detecting level of TNF-α/IL-4 balance, CSS antigen and IgG concentration is good tool for 
appropriate diagnosis of such infection. More advancement research must be done concerning Th1/Th2 balance and cross-
reactivity of S. vulgaris and Cyathostomins spp. at the base of serological and molecular investigation.
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Introduction

Equine strongylosis has long been distributed 
throughout the world [1]. It caused highly prevalent 
complex mixed infections of all ages [2]. It classi-
fied as Strongylinae as large and Cyathostominae, as 
small strongyles. Life cycle of both strongyles has 
two phases; free-living phase and parasitic phase. 
Eggs passed with fecal material where the 1st, 2nd, 
and 3rd stage larvae developed. Climatic condition 
affects developing of the infective 3rd stage larvae and 
its migration on water films and vegetation. When it 
ingested by the host, it passes to the small intestine 
and initiates the development of the parasitic phases. 
The large strongyle larvae molt into 4th larval stages 
which migrate to cranial mesenteric arteries and molt 

into 5th larval stages and complete their development 
into an adult at caecum and large intestine. However, 
small strongyles burrow in mucosa and submucosa 
where become encysted and molted into 4th larval 
stages and reach their adult stage in the large intes-
tine and colon [1]. The most pathogenic species of the 
large strongyles is Strongylus vulgaris [3]. Although 
the severity of adults in damaging the gut is of less 
consequence than those caused by the migrating larval 
stages that induce endoarteritis in the mesenteric artery 
and provoke thickening of the arterial wall resulting 
in verminous aneurysm [4,5]. Abdominal distress and 
colic are observed as the most common clinical symp-
toms. In foals, clinical signs such as a rise in tem-
perature, anorexia, depression, and abdominal pain 
have been regarded [6]. Virtually, a great proportion 
of strongyle nematodes’ total burden existent in the 
gut lumen is Cyathostomins spp. which comprises 51 
species in 13 genera. Its numbers usually vary from a 
few thousand to more than one million and distributed 
throughout the dorsal and ventral colon and occasion-
ally caecum. All equids can harbor tens of thousands 
of these parasites without developing a clinical illness 
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due to inhibited mucosal larvae embedded in the lin-
ing mucosa. Nonetheless, in some individuals, large 
numbers of inhibited mucosal larvae reactivate simul-
taneously causing a severe inflammatory colitis, asso-
ciated with weight loss, diarrhea and subcutaneous 
edema and/or pyrexia [1,7].

Traditionally, the diagnosis of strongyle infection 
has based on conventional parasitological methods 
such as fecal egg count (FEC). It’s the commonly used 
routine for diagnosing strongyle infection but, do not 
reveal either the burden of sexually immature stages 
or distinguish strongyle eggs of different species [8]. 
Hence, larval cultures are compulsory for development 
and differentiation of larval stages. Based on morpho-
logical features diversity of the infective 3rd stage lar-
vae, strongyle nematodes can be identified to genus or 
species level [9]. The diagnosis of such infection is dif-
ficult as there are no pathognomonic clinical or hema-
tological features [1]. The equine immune response to 
strongyle nematode is engaged with complexity of the 
helminths’ life cycle that involves numerous develop-
mental stages. Further, arrival of adult in the gut lumen 
and penetration of its mucosa presents the host with 
multivariate antigenic challenge, immune stimula-
tion, and immune modulation [1]. The most promising 
recent advance in this field has been involved interac-
tion between helminths and immune cells of their hosts. 
Moreover, nematode infection expresses in two differ-
ent ways. First, expulsion of nematodes from the intes-
tines of host species occurs during primary infection; 
this phenomenon is known as self-cure and possibly 
involves innate immunity. Second, hosts which have 
become infected often show sterile immunity follow-
ing resolution of the infection which probably involves 
adaptive immune responses, which may be primed by 
regular low exposure to nematodes on pasture [10]. 
Several proteins produced by strongyle nematode were 
involved in the regulation of T-helper (Th2) cytokines 
such as interleukin-4 (IL-4) production as well as, there 
is evidence that tumor necrosis factor alpha (TNF-α) is 
a key mediator involved in initiating an inflammatory 
cascade [7]. Furthermore, nematode infection-induced 
Th2 dominant immune responses that activate muco-
sal mast cell intestinal eosinophil and antibody class 
switching by plasma cells; immunoglobulin M (IgM), 
IgE, and IgG. Despite the Th2 immune response, these 
nematodes are often able to persist in the host for a 
long-time resultant a chronic infection [7]. Immune 
evasion may be occurred due to the production of Th2-
driving dendritic cell that induced by excretory-secre-
tory antigens of such nematodes. Despite significant 
advances in parasite immunology research, immune 
response to this strongyle nematode remain in thought-
ful how precisely helminths interact with their hosts 
and tolerate the complex immune responses generated 
against them [11].

The aim of this study includes an immunoas-
say that incorporates measuring of Th1 (TNF-α) and 
Th2 (IL-4) cytokines as well as serum total IgG using 

different prepared S. vulgaris and Cyathostomins spp. 
antigens to be used as a diagnostic tool refers to the 
stage of infection.
Materials and Methods
Ethical approval

This experiment was conducted in accordance 
with the guidelines laid down by the International 
Animal Ethics Committee and in accordance with 
local laws and regulations.
Animals and samples collection

A total of 73 donkeys had a mean age of 
4-32 years old with different gender; 42 females and 
31 males slaughtered at Giza zoo abattoir at the period 
from November 2015 to March 2016. At necropsy, 
large intestines, colons, and ceca were parasitologi-
cally examined for the existence of large and small 
strongyles spp. Donkey’s blood samples were col-
lected into tubes containing no anticoagulant. After 
the clot was formed, the samples were centrifuged at 
2000 rpm/10 min, and the serum was pipetted in small 
aliquots, which were stored at −20°C until analyzed 
for cytokines and total IgG. Individual rectal fecal 
samples were obtained and packed in plastic bags 
then, transferred to parasitology laboratory, where 
they were kept refrigerated until processed within 
2 days.
FEC

Fecal strongyle egg counts were analyzed quan-
titatively using a modified McMaster technique 
according to the RVC/FAO [12] guide to veterinary 
diagnostic parasitology, based on 4 g of feces and 
56 ml floatation fluid. The McMaster counting cham-
bers were filled with sieved stirred filtrate and allowed 
to stand for 5 min, then examined under compound 
microscope. FEC recorded as summation of a count-
able number of both chambers multiplied in 50 with a 
minimum detection level of 50 eggs per gram of feces 
(EPG). Eggs levels of FECs in all examined animals 
reflected the classification of animals into apparently 
healthy (0-49 EPG) and low (50-99 EPG), moderate 
(100-200 EPG), or high (>200 EPG) egg shedders. 
Each sample was counted for 3 succeeded times.
Larval culture

Larval culture was performed according to the 
RVC/FAO [12] guide to veterinary diagnostic parasi-
tology for fecal samples. In brief, 100 g samples of 
feces were weighed, put into plastic boxes, and incu-
bated for 2-3 weeks at room temperature. During this 
time, the samples were regularly checked for desic-
cation, moistened if necessary, and ventilated for 1 h 
every day. After incubation, the 3rd stage larvae (L3) 
were harvested by baermannization for 24 h. An ali-
quot of 100 µl was obtained from the sediment con-
taining the accumulated larvae. All L3 of small and 
large strongyles were stained, immobilized and tax-
onomically identified according to Cernea et al. [13]. 
All cultures were examined by the same person.
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Parasites and antigen preparation
At necropsy, large and small strongyle worms 

were collected from the large colons and caeca of 
naturally infected donkeys. Collected worms were 
classified by morphological criteria into S. vulgaris 
and Cyathostomins spp. [13]. The identified worms 
were separately washed several times in phosphate 
buffer saline (PBS), pH 7.2 to remove any debris 
then, divided S. vulgaris and Cyathostomins spp. 
each into two batches, one for preparation of crude 
somatic antigen and the other for excretory-se-
cretory antigen. Crude somatic S. vulgaris (CSS) 
and crude somatic Cyathostomins spp. (CSC) anti-
gens were prepared [14]. Concisely, washed worms 
were homogenized in PBS pH 7.2 and centrifuged 
at 13,000 rpm/30 min in a cooling centrifuge. The 
supernatant was aspirated, and aliquots of each 
antigen were stored at −20°C until used. Excretory-
secretory S. vulgaris (ESS) and excretory-secretory 
Cyathostomins spp. (ESC) antigens obtained with 
some modifications [5]. Briefly, living washed adult 
worms were incubated in 6 and 4 ml PBS pH 7.2 
with penicillin (100 IU/mL), and streptomycin 
(100 IU/mL) for preparation of ESS and ESC, respec-
tively, at 37°C/24 h in a 5% CO2 incubator. The buffer 
was collected then centrifuged at 10,000 rpm/20 min 
in cooling centrifuge. The ES antigens were dialyzed 
in dialysis bag with cut off 3.5 kDa. The dialyzed ES 
antigens were frozen at −20°C until used. Total pro-
tein content of all prepared antigens; CSS, CSC, ESS, 
and ESC were estimated [15].
IgG analysis

Indirect enzyme-linked immunosorbent assay 
(ELISA) was optimized by serial checkerboard titra-
tion to the following setup. Optimal concentration of 
antigen, antibody and conjugate dilutions were cho-
sen. 96 well microtiter plates (Grainger, Germany) 
were individually coated with 100 µl/well of each 
diluted antigen at the concentration of 4 and 6 µg/well 
for CSS, CSC and ESS, ESC, respectively, in car-
bonate-bicarbonate buffer, pH 9.6 and incubated at 
37°C/1 h then, overnight at 4°C. After washing, 
the plates were blocked with 200 µl/well of block-
ing solution (2% dry skimmed milk in PBS - 0.05% 
Tween 20) and incubated at 37°C/1 h. The wells were 
washed then, 100 µl/well of diluted serum sample 
at 1:200 added to individual wells in duplicates and 
incubated for 2 h/37°C. Positive, negative, and blank 
controls were included on each plate in duplicates. 
The wells were washed 5 times with PBS Tween-20 
(PBST), 100 µl/well of horseradish peroxidase (HRP)-
conjugated goat anti-horse IgG conjugate diluted at 
1:2500 were added and incubated for 1 h at 37°C. The 
plates were washed 5 times with PBST and incubated 
with 100 µl/well of substrate solution (O, phenylene-
diamine, 20 mg dissolved in 50 ml substrate buffer, 
pH 5 and 25 µl 30% H2O2) for 10-20 min at 37°C. The 
reactions were stopped with 100 µl of stopping solu-
tion (5% SDS) to each well and the optical densities’ 

(OD) at 450 nm were determined using an ELISA 
reader (BIO-TEK, Inc., ELx, 800 UV). The cut-off 
value based on measuring antibodies percentages 
and 20% of the positive control serum was selected 
to discriminate between positive and negative tested 
samples [16]. Diagnostic accuracy such as sensitivity, 
specificity, positive predictive value, negative predic-
tive value, and apparent prevalence was calculated for 
different prepared antigens based on ELISA results 
in contrast to the parasitological investigation of the 
examined animals as following [16,17].

( )
( ) ( )
( ) ( )

Antibodies index %

OD serum sample  –  OD negative control
100

OD positive control  –  OD negative control

=

×

( )Apparent prevalence %
Total of positive test number 100

Total number of animals

=

×

( )Sensitivity %
True positive number 100

True positive number  False negative number

=

×
+

( )Specificity %
True negative 100

True negative number  False positive number

=

×
+

( )Positive predictive value %
True positive 100

True positive number  False positive number

=

×
+

( )Negative predictive value %
True negative 100

True negative number  False negative number

=

×
+

TNF-α and IL-4 measurement
TNF-α and IL-4 concentrations in serum sam-

ples were measured by an equine-specific ELISA 
kits (WKEA MED Supplies) according to the man-
ufacturer’s instructions. The manufacturer’s instruc-
tions were followed using purified TNF-α and IL-4 
antibodies. The color change was measured spectro-
photometrically at a wavelength of 450 nm, and the 
concentrations of TNF-α and IL-4 in the samples were 
determined by comparing the OD of the samples to 
the standard curve.
Gel electrophoresis and western blotting

Both crude somatic and excretory-secretory anti-
gens; CSS, CSC, ESS, and ESC were individually 
mixed with sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) sample buffer and 
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resolved in three 10% polyacrylamide gels under 
reducing conditions using pre-stained molecular 
weights protein marker (Fermentas and genedirex, 
USA) according to Laemmli [18]. After electrophore-
sis, one gel was stained with Coomassie Brilliant Blue 
R-250 dye and the others were transferred to 0.45 nitro-
cellulose membranes according to Towbin et al. [19]. 
Concisely, membranes were blocked for 1 h in 1% dry 
skimmed milk in PBS pH 7.2, then probed overnight 
with control positive naturally infected and control 
negative sera at 1:100 in Tris-buffered saline (TBS) 
with 0.5% bovine serum albumin (BSA) against all 
prepared antigens. The nitrocellulose strips were incu-
bated with HRP-conjugated goat anti-horse IgG con-
jugate at 1:2500 in 0.5% BSA/TBS buffer for 1 h. The 
immune reactive bands were developed by incubation 
of the blot in the substrate solution (1-chloronaphthol 
[Sigma-Aldrich, USA], one tablet [30 mg/1 ml meth-
anol] added to 10 ml methanol, 39 ml TBS and 30 µl 
30% H2O2) for 5-10 min.
Statistical analysis

The data were analyzed using Chi-square test by 
GraphPad Prism version 7 to compare the immuno-
diagnostic and accuracy values of antibodies index 
of different prepared strongylus antigens. Analysis of 
variance was used to compare blood levels of TNF-α 
and IL-4. Data were expressed as mean with standard 
error.
Results
FEC and larval culture

FEC data revealed that most animals were con-
sidered high egg shedder (69.86%) to strongyle eggs, 
followed by 13.69% for moderate egg shedder group, 
and 9.59% for apparently healthy group, then low egg 
shedder group (6.84%) (Table-1).

Larval culture assigned the actual parasitologi-
cal existence of S. vulgaris and Cyathostomins spp. in 
all collected samples. The percentages were 75.86% 
and 86.21% for S. vulgaris and Cyathostomins spp., 
respectively.
IgG analysis

ELISA results indicated that OD values of detect-
ing antibodies (IgG) of either large and small stron-
gyles were highly varied among different collected 
serum samples in their reactivity with S. vulgaris and 
Cyathostomins spp. prepared antigens; CSS, ESS and 
CSC, ESC, respectively. Results revealed that high egg 
shedder group was significantly higher (p<0.01) than 
that of apparently healthy group. However, moderate 
egg shedder group showed significantly higher with 

CSC antigen (p<0.05) and ESC antigen (p<0.01) than 
apparently healthy group. Among each group, ESC 
antigen was significantly higher than CSC antigen in 
the apparently healthy, moderate and high egg shedder 
groups at p<0.05, p<0.01, respectively (Table-2).

The highest (437.04%) and lowest (38.73%) per-
centages of IgG occurred in high egg shedder group 
when using ESC and CSS antigens, respectively. 
Furthermore, moderate egg shedder group comprises 
highest (245.21%) percentage when using CSC anti-
gen. As well as, low egg shedder and apparent healthy 
group include the highest percentage 238.1% and 
293.2% while using ESC, respectively (Table-3). 
Comparing the antibodies index for CSS, ESS and 
CSC, ESC antigens in apparently healthy group it was 
found that antibodies index for ESS (p<0.01) and CSC 
(p<0.001) was significantly higher in moderate egg 
shedder group while that for ESS (p<0.01) and CSC, 
ESC (p<0.001) was significantly higher in high egg 
shedder group. Within each group, the results revealed 
that in apparently healthy and low egg shedder groups 
antibodies index for ESS antigen was significantly 
higher than CSS antigen (p<0.01) while, ESC antigen 
was significantly higher than CSC antigen (p<0.001) 
(Table-3). However, in moderate and high egg shed-
der groups antibodies index for ESS antigen was 
significantly higher than CSS antigen at p<0.01 and 
p<0.001, respectively.

Moreover, the diagnostic accuracy of the used 
antigens was elucidated by ELISA. It showed that 
the apparent prevalence of Strongylus infection was 
the highest using ESC antigen (95.40%) but, the CSS 
antigen noted the lowest prevalence (54%) (p<0.05). 
However, the highest sensitivity and positive predic-
tive value percentages were recorded by ESC and CSS 
antigens 93.3% and 52.9%, respectively, p<0.05 while, 
specificity and negative predictive value percentages 
were 0% by ESC and CSC antigens. However, the 
lowest sensitivity (60%) was recorded by CSS anti-
gen while the lowest positive predictive value per-
centage (45.8%) was showed when using ESS antigen 
(p<0.05) (Table-4).
Cytokines analysis and Th1/Th2 balance

Table-5 showed blood levels of TNF-α and IL-4 
in apparently healthy and strongyle infected donkeys. 
Data revealed that both TNF-α and IL-4 blood levels 
in Cyathostomins infected moderate and high shedder 
groups were significantly higher than that in appar-
ently healthy group. In S. vulgaris infected animals, 
IL-4 blood level was significantly higher than TNF-α 
blood level in moderate egg shedder group (p<0.05). 

Table-1: Animal profile according to their FEC.

Total number of animals n (%)

Apparently healthy
0-49 EPG

Low shedder
50-99 EPG

Moderate shedder
100-200 EPG

High shedder>200 EPG

73 7 (9.59) 5 (6.84) 10 (13.69) 51 (69.86)

Statistically significant (p<0.05). EPG=Eggs per gram, FEC=Fecal egg count
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Table-2: OD values of IgG for CSS,  ESS, CSC and ESC in donkey (450 nm).

Animals CSS ESS CSC ESC

Apparently healthy
0-49 EPG

0.423±0.053 0.559±0.018 0.538±0.017a 0.621±0.016a

Low shedder
50-99 EPG

0.462±0.016 0.537±0.022 0.511±0.023 0.608±0.056

Moderate shedder
100-200 EPG

0.561±0.019 0.562±0.033 0.655±0.025*b 0.783±0.035**b

High shedder>200 EPG 0.639±0.016** 0.679±0.012** 0.679±0.012**b 0.745±0.010**b 

*, **values were differed significantly from the value apparently healthy at p<0.05 and p<0.01, respectively. In 
the same group, a and b values within the same spp. are significantly different at p<0.05 and p<0.01, respectively. 
OD=Optical density, EPG=Eggs per gram, CSS=Crude somatic Strongylus vulgaris, ESS=Excretory secretory Strongylus 
vulgaris, CSC=Crude somatic Cyathostomins, ESC: Excretory-secretory Cyathostomins spp., and IgG=Immunoglobulin

Table-3: Immunodiagnostic values of antibodies index for CS and ES of S. vulgaris and Cyathostomins spp. in donkey (%).

Animals Antibodies index (%)

S. vulgaris (large spp.) Cyathostomins spp. (small spp.)

CSS ESS CSC ESC

Apparently healthy
0-49 EPG

43.80±6.60a 158.6±18.10a 172.4±12.90b 293.2±13.70b 

Low shedder
50-99 EPG

37.81±1.85a 210.0±13.00a 170.4±22.50b 238.1±24.20b 

Moderate shedder
100-200 EPG

38.03±2.65a 282.4±17.90 **a 245.21±8.17*** 232.1±13.00

High shedder>200 EPG 38.73±1.95a 240.9±10.60**a 373.1±27.40*** 437.04±8.99*** 

Statistically significant (p<0.05). *, **, ***values were differed significantly from the value apparently healthy 
at p<0.05 and p<0.01 and p<0.001, respectively. In the same group, values a and b within the same spp. are 
significantly different at p<0.01 and p<0.001, respectively. EPG=Eggs per gram, CSS=Crude somatic Strongylus 
vulgaris, ESS=Excretory secretory Strongylus vulgaris, CSC=Crude somatic Cyathostomins, ESC: Excretory-secretory 
Cyathostomins spp., and S. vulgaris=Strongylus vulgaris

Table-4: Diagnostic accuracy values using different prepared S. vulgaris and Cyathostomins spp. antigens by ELISA.

Parameters Antigens Chi-square

S. vulgaris Cyathostomins spp.

CSS ESS CSC ESC

Apparent prevalence % 54.00 80.20 89.60 95.40 p<0.05
Sensitivity % 60 73.3 86.6 93.3 p<0.05
Specificity % 46.6 13.3 0.00 0.00 -
Positive predictive value % 52.9 45.8 46.4 48.2 p<0.05
Negative predictive value % 53.8 33.3 0.00 0.00 -
Chi-square p<0.05 p<0.05

Statistically significant (p<0.05). CSS=Crude somatic Strongylus vulgaris, ESS=Excretory secretory Strongylus vulgaris, 
CSC=Crude somatic Cyathostomins, S. vulgaris=Strongylus vulgaris, ESC: Excretory-secretory Cyathostomins spp., and 
ELISA=Enzyme-linked immunosorbent assay

Table-5: Blood levels of TNF-α and IL-4 in apparently healthy and strongylus infected donkeys (ng/ml).

Animals S. vulgaris (large spp.) Cyathostomins spp. (small spp.)

TNF-α IL-4 TNF-α/IL-4 
balance

TNF-α IL-4 TNF-α/IL-4 
balance

Apparently healthy
0-49 EPG

9.354±0.227 8.184±0.409 TNF-α≈IL‑4 9.134±0.134 9.648±0.210 TNF-α ≈ IL‑4

Low shedder
50-99 EPG

12.292±0.384 11.156±0.470 TNF-α≈IL‑4 9.788a±0.276 13.168a±0.352 TNF-α<IL-4

Moderate shedder
100-200 EPG

14.742a±0.491 18.746a±0.237 TNF-α<IL-4 15.790*a±0.138 18.324*a±0.299 TNF-α<IL-4

High shedder>200 EPG 11.698±0.444 10.636±0.308 TNF-α≈IL‑4 15.500*a±0.407 19.800**a±0.271 TNF-α<IL-4

*, **values were differed significantly from the value apparently healthy at p<0.05 and p<0.01, respectively. In the 
same group, values with (a) within the same spp. are significantly different at p<0.05. TNF-α=Tumor necrosis factor 
alpha, IL-4=Interleukin-4, and EPG=Eggs per gram

TNF-α/IL-4 balance in S. vulgaris infected animals 
was approximately equal in apparently healthy, low 

and high egg shedder groups while TNF-α/IL-4 was 
low in moderate egg shedder group. As well as, in 
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Cyathostomins infected animals IL-4 blood level 
was significantly higher than TNF-α in low, moder-
ate (p<0.05), and high (p<0.01) egg shedder groups. 
TNF-α/IL-4 balance in Cyathostomins infected ani-
mals was approximately equal in apparently healthy 
group while it was low in moderate and high egg 
shedder groups.
Electrophoretic and immune-reactive protein profile

SDS-PAGE is performed for resolving the pro-
tein bands in the prepared antigens; ESC, ESS, CSC, 
and CSS. The resultant data revealed 8 shared pro-
tein bands at molecular weights 22, 27, 31, 33, 46, 
55, 92, and 108 KDa between ESC and CSC antigens. 
Furthermore, ESS and CSS shared in 9 common pro-
tein bands at the molecular weights 20, 35, 45, 48, 57, 
76, 105, 113, and 270 KDa. Overall polypeptide bands 
exhibited by the different prepared antigens; ESC, 
ESS, CSC, and CSS were 11, 16, 9, and 18 protein 
bands at molecular weights 108, 92, 64, 55, 46, 36, 
33, 31, 27, 22, and 19; 270, 264, 217, 113, 105, 90, 
76, 67, 57, 48, 45, 35, 33, 31, 22, and 20; 108, 92, 72, 
55, 46, 33, 31, 27, and 22, and 270, 235, 198, 113, 
105, 76, 57, 48, 45, 42, 40,39, 36, 35, 30, 27, 25, and 
20, respectively (Figure-1). Furthermore, the reac-
tive profile of immunogenic bands displayed when 
such antigens verified against naturally infected and 
non-infected sera. The shared immune reactive poly-
peptides were detected at molecular weights 46, 50, 
and 260 KDa and 42 and 62 KDa in between ESC and 
CSC and ESS and CSS, respectively (Figure-2). The 
reactive band profiles presented by binding of specific 
IgG in positive naturally collected sera against each 
antigen; ESC, ESS, CSC, and CSS were identified at 
molecular weights 260, 181, 93, 69, 66, 50, 46, 38, 
36, 33, 31, and 27 kDa, 137, 108, 90, 75, 68, 62, 46, 
43, and 42 kDa, 260, 185, 113, 87, 67, 53, 50, 48, 46, 
44, and 40 kDa, and 260, 224, 178, 139, 114, 87, 66, 
62, 53, 48, 45, 42, 35, 27, and 25 kDa, respectively 

(Figure-2). On the other hand, the negative collected 
sera tested against such antigens revealed reactive 
bands at molecular weights 260, 176, 120, 94, and 
71 kDa and 260, 177, and 127 kDa with ESS and 
CSC, respectively (Figure-3).
Discussion

Early diagnosis of prepatent and patent stages of 
such strongyle infection is essential for the establish-
ment of management and control strategy [20,21]. In 
this study, as the first step for appropriate diagnosis of 
strongyle infection, the animals were acknowledged 
to four different groups according to their FEC. Most 
animals were considered high egg shedder (69.86%), 
while (13.69%) were found to be moderate egg shed-
der and 9.59% and 6.84% were apparently healthy and 

Figure-1: Electrophoretic protein profile of excretory-
secretory Cyathostomins spp. antigen (Lane 1), excretory-
secretory Strongylus vulgaris antigen (Lane 2), crude 
somatic Cyathostomins spp. antigen (Lane 3), crude 
somatic S. vulgaris antigen (Lane 4), and BLUltra pre-
stained protein ladder, genedirex (Lane M, 6.5-270 kDa).

Figure-2: Immunogenic reactivity profile of excretory-
secretory Cyathostomins spp. antigen (Lane 1), excretory-
secretory Strongylus vulgaris antigen (Lane 2), crude 
somatic Cyathostomins spp. antigen (Lane 3), crude 
somatic S. vulgaris antigen (Lane 4) against control 
positive sera and pre-stained molecular weight protein 
ladder, Fermentas (Lane M, 10-260 kDa).

Figure-3: Immunogenic reactivity profile of excretory-
secretory Cyathostomins spp. antigen (Lane 1), excretory-
secretory Strongylus vulgaris antigen (Lane 2), crude 
somatic Cyathostomins spp antigen (Lane 3), crude somatic 
S. vulgaris antigen (Lane 4) against control negative sera 
and pre-stained molecular weight protein ladder, Fermentas 
(Lane M, 10-260 kDa).
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low egg shedder, respectively. This finding has not 
reflected the existence of adult worms at necropsies 
where the animals may be under control of deworm-
ing protocol program or the primary host’s immune 
response that induce eviction of such strongyle nem-
atode [7]. The main disadvantage of FECs is that 
they do not reflect the burden of sexually immature 
stages and also the eggs are not visible to the naked 
eye and special techniques together with a microscope 
are needed to detect their presence [22]. In this study, 
different prepared antigens of S. vulgaris (CSS, ESS) 
and Cyathostomins spp. (CSC, ESC) were evaluated 
to choose the promising antigen that could be used 
in early diagnosis of strongyle infection along with 
the immunoassay that incorporated the measuring of 
Th1 (TNF-α) and Th2 (IL-4) cytokines to be used as a 
diagnostic tool refers to the stage of infection.

Indirect ELISA results recorded highest appar-
ent prevalence and sensitivity percentages when using 
ESC and CSC antigens. This finding may be attributed 
to the presence of immunogenic common bands at 
molecular weight 46, 50, and 260 kDa on blotting 
which could be responsible for detecting a high num-
ber of true positive in sera of naturally infected ani-
mals. In addition, variants species of Cyathostomins 
that can be existed within the same animal which 
nearly classified into about 13 genera comprises 51 
species [13]. Furthermore, consequences of anti-
genic variation of Cyathostomins spp., host immune 
response did not exert differential effects of natural 
selection on those variants [1].

The ESC and CSC antigens lost its specificity 
and negative predictive value. This finding could be 
attributed to failure of these antigens in detection 
of true negative animal cases in parasitologically 
non-infected animals’ sera. In addition, these antigens 
scored high antibody index percentages even in low 
egg shedder and apparently healthy groups where 
these animals may be under control of deworming 
protocol program, inhibited mucosal larvae embedded 
in the lining mucosa or the primary host’s immune 
response that induce eviction of such strongyle nem-
atode [1,23]. Likewise, ESS antigen possesses the 
shared immune reactive band at molecular weight 
46 kDa which presented by ESC and CSC antigens in 
western blotting analysis. This band might be respon-
sible for high antibody index, apparent prevalence and 
sensitivity percentages of ESS antigen. Interestingly, 
the CSS antigen showed the highest percentage of 
specificity 46.6% among different prepared antigens 
and succeeded in detecting the highest number of true 
negative animal cases in parasitologically non-in-
fected animals’ sera. This result could be returned to 
the specific immunogenic band at molecular weight 
25 kDa which exhibited by CSS antigen only in both 
SDS-PAGE and western blot profiles. This find-
ing indicates the ability of this protein fraction to be 
presented by the host-parasite immune response and 
inducing formation of IgG against CSS antigen [10]. 

In addition, the lowest prevalence recorded by CSS 
antigen was 54% and sensitivity percentage 60%. This 
result could be attributed to this specific epitope which 
can recognize S. vulgaris species and does not cross 
react with other strongyles spp. [1]. A proportional 
relationship between antibodies and infection was 
found, but for appropriate diagnosis, TNF-α (Th1) and 
IL-4 (Th2) were measured. Elevation of TNF-α indi-
cated a cellular immune response while increasing of 
IL-4 gave an idea of immune response shifting toward 
antibodies production [24]. In this study, both TNF-α 
and IL-4 blood levels in Cyathostomins infected mod-
erate, and high egg shedder groups were significantly 
higher than that in the apparently healthy group, a pic-
ture of increased both immune arms. In contrast, IL-4 
blood level in S. vulgaris infected animals was sig-
nificantly higher than TNF-α blood level in moderate 
egg shedder group that might indicate weak infection 
that unable to stimulate the cellular response, but this 
infection could produce humeral response reflected 
by IL-4 elevation. These results might be attributed 
to the polarization of the immune response toward 
Th2 cytokines by helminths downregulated or altered 
protective Th1 cytokine responses [24]. In general, 
gastrointestinal nematodes are linked to the Th2-type 
lymphocyte response, including secretion of the fol-
lowing cytokines: IL-4, IL-5, and IL-13 [25].

Th1 and Th2 cytokines orchestrate different 
immune pathways to fight Strongylus; Th1 cytokines 
coordinate cellular immune responses, and Th2 cyto-
kines coordinate humoral immune responses [26]. As 
well as, helminths infections are usually associated 
with polarized Th2/Th1 immune responses [27]. In 
this study, it was found that TNF-α/IL-4 balance in 
S. vulgaris infected animals was equal in the appar-
ently healthy, low and high egg shedder groups while 
it was directed toward IL-4 elevation in moderate 
egg shedder group. However, TNF-α/IL-4 balance 
in Cyathostomins infected animals was equal in 
the apparently healthy while it was directed toward 
IL-4 elevation in low, moderate and high egg shed-
der groups. These results indicated that infection 
with both strongyles species directed the effort of 
immunotransmitters to the production of antibodies 
as reflected by elevation of IL-4. On the other hand, 
this effort was diverted to both cellular response and 
antibodies production as indicated by equal balance. 
In the same way, low infection was unable to change 
the balance that already found in apparently healthy 
group.

Results in this study found that after strongyles 
infection Th1 as represented by TNF-α increased fol-
lowed by an increase in Th2 as represented by IL-4. 
It could be suggested that the combined elevation 
of TNF-α and FEC with the decrease in serum anti-
bodies might reflect early infection because early 
infection had no chance or time to stimulate B-cell to 
produce antibodies. However, high FEC with eleva-
tion in serum antibodies and IL-4 might confirm the 
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incidence and progression of infection. Concerning 
TNF-α/IL-4 balance, low FEC with elevated serum 
antibodies and IL-4 could prove the presence of infec-
tion. On the other hand, low FEC with decreased of 
serum antibodies and elevation of TNF-αmight indi-
cate infection with other parasites rather than the 
intended one, and in this case, full screen of other anti-
gens was recommended. It was clarified that the pro-
tective immune response against helminths has been 
referred as Th2 immune response [27].
Conclusion

Hence, we concluded that combination of detect-
ing Th1/Th2 balance and IgG concentration is good 
tool for appropriate diagnosis of such infection. In 
addition, the use of CSS antigen can be considered a 
precised immunodiagnostic antigen that can be used 
in serological diagnosis of S. vulgaris. More longi-
tudinal research should be done concerning Th1/Th2 
balance and the cross-reactivity of S. vulgaris and 
Cyathostomins spp. at the base of serological and 
molecular investigation.
Authors’ Contributions

FAMA designed the study and contributed to 
experiments performance, laboratory work analysis 
and data interpretation, manuscript preparation and 
corresponded the authorship. SHMH contributed to 
experiments performance and further assisted in the 
manuscript preparation. AHE shared in experiments 
performance, and HMA contributed in sample col-
lection. All authors have read and approved the final 
manuscript.
Acknowledgments

The authors are grateful to National Research 
Centre in Egypt, for the fund support of this work 
through a research grant (number P101201).
Competing Interests

The authors declare that they have no competing 
interests.
References
1. Khan, M.A., Roohi, N. and Rana, M.A.A. (2015) 

Strongylosis in equines: A review. J. Anim., Plant Sci., 
25(1): 1-9.

2. Matthews, J.B. (2011) Facing the threat of equine parasitic 
disease. Equine Vet. J., 43(2): 126-132.

3. Toscan, G., Cezar, A.S., Pereir, R.C.F., Silva, G.B., 
Sangioni, L.A., Oliveir, L.S.S. and Vogel, F.S.F. (2012) 
Comparative performance of macrocyclic lactones against 
large strongyles in horses. Parasitol. Int., 61: 550-553.

4. Kuzmina, T.A., Lyons, E.T., Tolliver, S.C., Dzeverin, I.I. 
and Kharchenko, V.A. (2012) Fecundity of various spe-
cies of strongylids (Nematoda: Strongylidae) parasites of 
domestic horses. Parasitol. Res., 111: 2265-2271.

5. Andersen, U.V., Howe, D.K., Dangoudoubiyam, S., 
Toft, N., Reinemeyer, C.R., Lyons, E.T., Olsen, S.N., 
Monrad, J., Nejsum, P. and Nielsen, M.K. (2013a) SvSXP: 
A Strongylus vulgaris antigen with potential for prepatent 
diagnosis. Parasit. Vectors, 6: 84.

6. Hassan, S.E., Ghazy, A.A. and Abdel-Rahman, E.H. (2010) 

Isolation and characterization of immunodiagnostic antigen 
from Strongylus vulgaris infecting horses. World Appl. Sci. 
J., 8(2): 235-240.

7. Baudena, M.A. (2003) Equine Immunity to Cyathostome 
Infections. Doctoral Thesis, The Interdepartmental Program 
in Veterinary Medical Sciences through The Department of 
Pathobiological Sciences, Louisiana State University and 
Agricultural and Mechanical College.

8. Mahmood, K.T. and Ashraf, M. (2010) Pharmacokinetics 
of ecofriendly meloxicam in healthy horses. Pak. J. Sci., 
62(3): 198-201.

9. Schneider, S., Pfister, K., Becher, M.A. and Scheuerle, C.M. 
(2014) Strongyle infections and parasitic control strate-
gies in German horses - A risk assessment. BMC Vet. Res., 
10: 262-271.

10. Foster, N. and Elsheikha, H.M. (2012) The immune 
response to parasitic helminths of veterinary importance 
and its potential manipulation for future vaccine control 
strategies. Parasitol. Res., 110: 1587-1599.

11. Moreau, E. and Chauvin, A. (2010) Immunity against 
Helminths: Interactions with the host and the inter current 
infections. J. Biomed. Biotechnol., 428593: 9.

12. RVC/FAO. Available from: http://www.rvc.ac.uk/review/
Parasitology/Index/Index.htm. Accessed on 14-12-2016.

13. Cernea, M., Madeira de Carvalho, L.M. and Cozma, V. 
(2008) Atlas de Diagnostic al Strongilidozelor la Ecvine. 
Academic Press, Cluj-Napoca, Romania.

14. Klei, T.R., Chapman, M.R., Torbert, B.J. and McClure, J.R. 
(1983) Antibody responses of ponies to initial and chal-
lenge infections of Strongylus vulgaris. Vet. Parasitol., 
12: 187-198.

15. Lowry, O.H., Rosebrough, N.J., Farr, A.B. and Randall, R.J. 
(1951) Protein measurement with the folin-phenol reagent. 
J. Biol. Chem., 193: 265-275.

16. Bauer, C., Steng, G., Prevot, F. and Dorchies, P. (2002) 
Seroprevalence of Oestrus ovis infection in sheep in 
Southwestern Germany. Vet. Parasitol., 110: 137-143.

17. Tabouret, G., Prevot, F., Bergeaud, J.P., Dorchies, P.H. and 
Jacquiet, P. (2001) Oestrus ovis (Diptera: Oestridae): Sheep 
humoral immune response to purified excreted/secreted sal-
ivary gland 28 KDa antigen complex from second and third 
instar larvae. Vet. Parasitol., 101: 53-66.

18. Laemmli, U.K. (1970) Cleavage of structural proteins 
during the assembly of the head of bacteriophage T4. 
Nature, 227: 680-685.

19. Towbin, H., Staeheline, T. and Gordon, J. (1979) 
Electrophoretic transfer of proteins from polyacrylamide 
gels to nitrocellulose sheets: Procedure and some applica-
tions. Proc. Natl. Acad. Sci., 76: 4350-4354.

20. Andersen, U.V., Howe, D.K., Olsen, S.N. and Nielsen, M.K. 
(2013b) Recent advances in diagnosing pathogenic equine 
gastrointestinal helminths: The challenge of prepatent 
detection. Vet. Parasitol., 192: 1-9.

21. Cernea, M., Cristina, R.T., Ştefănuţ, L.C., Carvalho, L.M.M., 
Taulescu, M.A. and Cozma, V. (2015) Screening for 
anthelmintic resistance in equid strongyles (Nematoda) in 
Romania. Folia Parasitol., 62: 023.

22. Maizels, R.M., Balic, A., Gomez-Escobar, N., Nair, M., 
Taylor, M.D. and Allen, J.E. (2004) Helminth para-
sites--masters of regulation. Immunol. Rev., 201: 89-116.

23. Andersen, U.V., Reinemeyerb, C.R., Tofta, N., Olsena, S.N., 
Jacobsena, S. and Nielsen, M.K. (2014) Physiologic and sys-
temic acute phase inflammatory responses in young horses 
repeatedly infected with cyathostomins and Strongylus vul-
garis. Vet. Parasitol., 201: 67-74.

24. Henry, J.M. and Rick, M.M. (2012) Helminth infections 
and host immune regulation. Clin. Microbiol. Rev., 25(4): 
585-608.

25. Mutalib, M., Blackstock, S., Evans, V., Huggett, B., 
Chadokufa, S., Kiparissi, F. and Elawad, M. (2015) 
Eosinophilic gastrointestinal disease and inflammatory 
bowel disease in children: Is it a disease continuum? Eur. J. 



Veterinary World, EISSN: 2231-0916 687

Available at www.veterinaryworld.org/Vol.10/June-2017/18.pdf

Gastroenterol. Hepatol., 27(1): 20-23.
26. Seidl, A., Panzer, M. and Voehringer, D. (2011) 

Protective immunity against the gastrointestinal nema-
tode Nippostrongylus brasiliensis requires a broad T-cell 

receptor repertoire. Immunology, 134(2): 214-223.
27. Anthony, R.M., Rutitzky, L.I., Urban, J.F., Stadecker, M.J. 

and Gause, W.C. (2007) Protective immune mechanisms in 
helminth infection. Nat. Rev. Immunol., 7: 975-987.

********


	OLE_LINK1
	OLE_LINK2

