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Abdel Rahman” Cephalopina titillator infestation cause great economic losses where the

infested camels show different clinical signs which varied from loss of appetite,
decrease in body weights, and milk production to impaired breathing. In the current
study, the prevalence of C. titillator was recorded by PM examination and indirect
FaCUIty of Vet. Med-’ ELISA inserum and mucus samples as 26.27%, 83.33%, and 51.67%, respectively.
Zagazig University_ Also, the study showed a highly significant relation between the sample sources

: (serum/mucus)and the antigen types (Excretory Secretory Products ESP, Organ's
ZagaZIQ' Egypt content Co, Crude Cr & Somatic So Ags) dependingupon the obtained results by
indirect ELISA. The usage of different antigens showed a significant variation in
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Area under Curve (AUC) referred to a good diagnostic accuracy of ELISA test
where it reached 0.73 for Co Ag and ESP. The obtained results illustrated moderate
to high significant agreement between PM examination and ELISA test. The study
concluded thatusingan indirect ELISA against different third instar antigens of C.
titillator reported higher values in serum than mucus. The strength of antigen
immunogenicity was arranged as: Co > Cr > ESP > So in serum, and itwas ESP >
Cr > Co & So in mucus. Also, the use of Co Ag for the serum samples in ELISA
considered the most immunogenic one which enhance IgG production and
recommends its use for early and accurate serodiagnosis of C. titillator infestation
in naturally infected camels.
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INTRODUCTION titillator is one of the most important
and pathogenic parasites infest
camels and caused condition called
nasopharyngeal myiasis. Their adult
flies were reported in sub-Saharan
Africa, Middle East, Australia and
Asia Taylor et al. 2007; Wall and
Shearer 2001. Parasitic infestations

Camel is considered a multi-
purpose animal which used for
transport and production include
meat, milk and hides Buchnev et al.
1987. Parasitic infestation is a major
risk to camel production in desert
and semi-desert areas. Cephalopina
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with C. titillator might reduce milk and
meat production, decrease efficiency
of working, impaired fertility, lower
calving rates, death in camels and
consequently high economic losses.
The larvae were mainly detected
during the postmortem examination
of the nasal cavities, frontal sinus
and pharynx of slaughtered camels
Sazmand and Joachim 2017. Also,
they were detected in the lungs
(10%) of the examined dromedaries
in Iran (Oryan et al. 1993). The
larvae induce irritation and severe
mucosal damage, which IS
manifested by snorting, extensive
sneezing, restlessness, head
shaking, nostril bleeding, coughing,
reduced milk production, decrease in
body weights and off food, especially
during the emergence of mature
larvae from the nostrils Taylor et al.

2007. In heavy infestations, the
previous nasopharyngeal lesions
caused by larvae may be

transformed into pyogenic infections
and pneumonia due to secondary
bacterial invasion Kettle 1995; Musa
et al. 1989 and Zumpt 1965. These
cases must be differentiated from
central nervous disturbances
Kaufmann 1996. In addition, the
larvae might reach the thyroid gland
of camels and induce functional
disturbances Abd EI-Rahman 2010.

The female flies attracted to lay
their larvae upon the nostrils of
camels. The larvae directed inside
the nasal passages and paranasal
sinuses to molt twice and remained
attached to the nasopharynx and
mucus membrane for up to 11
months. They depend upon the
debris of mucosa for feeding and
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induce severe irritation and tissue
damage, according to the intensity of
infestation Oryan et al. 2008 and
Shakerian et al. 2011.

The infection rate with C. titillator
reached 90% in camel herds Wall
and Shearer 2001. In Sudan, all the
examined camels were suffered from
heavy infestation which reached up
to 250 larvae / head Kettle 1995;
Musa et al. 1989 and Zumpt 1965.
However, in Al Arish Abattoir, North
Sinai Governorate, Egypt the rate
reached 25% by Morsy et al. 1998.

Immune response of the host
against larvae causing myiasis
depend upon the host general

health, biology and predilection site
of larvae, antigen types and the
specific immune defense against the
parasitized larvae. Larvae stimulate
specific and nonspecific immune
responses. Larvae induce innate and
adaptive immune responses in the
host where Ags stimulates natural

killer (NK) cells, which produce
interferon y (IFN-y) to activate T
helper cells (cellular immune
response) which enhance B cells to
produce Igs (humoral immune
response) Otranto 2001.

Immunological tests were considered
as alternative way to postmortem
examination for diagnosis of larvae
causing myiasis. They help in easy,
low cost and effective diagnosis,
especially in live animals. Also, their
ability to detect infection in case of
low or difficult detectable larvae in
the animal body (released outside
the host) by PM examination. So, the
current study aimed to:
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|. Determine prevalence of C. titillator
in camels by PM examination and
indirect ELISA test.

II. Explore the usage of anti-C.
titillator antibody detection in camels
by ELISA in mucus and serum.

lll.  Characterize and evaluate
different C. titillator larval antigens
from 3rd instars.

IV. Distinguish the significance of the
obtained results via PM examination
and indirect ELISA.

V. Detect the diagnostic accuracy of
indirect ELISA.

MATERIAL AND METHODS

1. Animals

One hundred and twenty adult
camels (80 male and 40 female, 2-3
years old) were examined before and
after slaughtering at the main
slaughterhouse of Belbies City,
Sharkia  Province, Egypt for
Cephalopina titillator infestation. After
slaughtering, their heads were
dissected and examined for the
larvae and induced PM lesions in the
nasal cavities, frontal sinuses,
turbinate bones and nasopharyngeal
areas.

2. Sampling

Blood samples and mucus swabs
were collected from the examined
camels in clean test tubes. The
clotted blood samples were
centrifuged at 3000 rpm/10 minutes
for obtaining serum. The mucus
swabs were gently mixed with
phosphate buffered’ saline (for 2
hours and then centrifuged at 3000
rpm/10 minutes. The samples were
kept frozen at -20°C until further
examination.

3. Larvae collection

The larvae were collected from the
examined camels after slaughtering.

94

EVMPSJ 2021; 17:92-108

The third instars (L3) were washed
several times with PBS.

4. Antigens preparation

They were prepared from L3 as the
described by Hendawy et al. 2013
and Tabouret et al. 2001

e Excretory Secretory  Products
(ESP) Ag:

L3 were incubated in PBS
(llarva/Aml, pH 7.2) containing
streptomycin over night at room

temperature in a dark bottle. The
collected solution was filtrated,
centrifuged and kept at -20°C.

¢ Organ’s content (Co) Ag:

The whole digestive tract and the
salivary glands were collected from
the dissected L3 and then
centrifuged to obtain supernatant
which stored at -20°C.

e Crude (Cr) Ag:

The whole larvae were homogenized
in PBS, sonicated, exposed to
freeze-thawing 3 times, centrifuged
at 12000 rpm for 30 min. in cooling
centrifuge and then, the supernatant
was kept at -20°C.

e Somatic (So) Ag:

The outer layering cuticle was
separated, washed several times
with PBS, and then continued as
crude Ag.

5. Protein concentration
measurement

Total proteins concentrations in the
four different antigens (Cr, Co, So
and ESP) were measured by
Bradford method. The optical

densities were measured at 450 nm.

6. Enzyme Linked Immunosorbent
Assay (ELISA) procedures
ELISA plates were coated

overnight at 4°C with 5 pg /ml of C.
titillator antigens. The plates were
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washed three times with 0.05% PBS-
Tween 20 and blocked by 10%
skimmed milk in PBS for 2 hours at
370C. After three repeated washings,
100 pl/ well of duplicate dilution of
sera (sera diluted 1:100 in PBS-T)
was added per well and incubated for
one hour at 37°C. The sera were
removed by three repeated washings
and 100 I/ well of 1:1000 protein A-
peroxidase (HPR) from
Staphylococcus aureus horse radish
incubated for one hour at 379C. After
three washings of plates with PBS-T,
100 i/ well of the O-phenylene
diamine in substrate buffer were
added and re-incubated in darkness
for 15-30 min at 379C. Stopping the
reaction by adding a 100 pl/ well 1N
sulphuric acid and read the optical
densities (OD) by ELISA reader
multiscan  thermos scientific  at
wavelength 450 nm. Results were
expressed as OD and the positive
threshold was determined to be
twofold the mean cutoff value of
negative sera.

7. Statistical analyses

Recorded data were analyzed
using the statistical package for social
sciences  (SPSS), version 25
(Armonk, NY: IBM Corp), Graph Pad
prism 8.0.2 (Graph Pad Software, Inc)
and Med Calc version 15.6 - © 1993-
2015 Med Calc Software bvba.
Quantitative data were expressed as
meanzt standard error (SE).
Qualitative data were expressed as
frequency and percentage. The
following tests were done:

e Two-way ANOVA was run to test
differences among different antigens
in serum and mucus samples.
Tukey’s honesty significant
difference test was run as a post-
hock test.

e Receiver operating characteristic
(ROC curve) analysis was used to

95

EVMPSJ 2021; 17:92-108

find out the overall the predictivity of
parameter, and to find out sensitivity
and specificity at this cutoff value
(Savini et al. 1997).

Sensitivity = (true +ve)/ [(true +ve) +
(false —ve)].

Specificity = (true —ve) /[(true —ve) +
(false +ve)].

PPV = (true +ve) / [(true +ve) + (false
+ve)].

NPV = (true —ve)/ [(true —ve) + (false
-ve)].

Accuracy=(TP+TN)/[TP+FP+TN+FN]

e Z-test used for comparing AUC

(which indicate diagnostic accuracy)
of two diagnostic tests. The optimal
cut-off points between positive and
negative samples were estimated
using the Youden index (Yin and
Tian 2014), maximizing  the
difference between sensitivity and
specificity. The degree of agreement
between the  methods  after
categorization according to optimal
cut-off was measured using the
Cohen’s kappa coefficient where
k=1.00-0.81 nearly perfect; k=0.80-
0.61 good; k=0.60-0.41 moderate;
k= 0.40-0.21 weak; k= 0.20-0 poor;
and k < 0 absence of agreement.
The confidence interval was set to
95% and the margin of error
accepted was set to 5%. So, the p-
value was considered significant as
the following:

Probability (P-value)

P-value <0.05 was considered
significant.

P-value <0.001 was considered as
highly significant.

P-value >0.05 was considered
insignificant.

GraphPad Prism 8.0 was used for
presenting data like scatter plots.
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RESULTS
1. Clinical examination of tested
camels
The noticed clinical signs
included appetite loss, congested
mucus membrane, increase in body
temperature, enlargement of lymph

nodes, nasal discharge,
neurological signs, increase
respiratory rate, sneezing and

snoring during breathing.

2. PM examination

C. titillator larvae were mainly
detected in the nasal cavities, frontal
sinuses and turbinate bones of
infested camels. The cavities
appeared congested, inflamed and
blocked by thick bloody stained
mucus due to the presence of

strongly attached larvae. The
prevalence of infection reached
26.27%.

3. Indirect ELISA test

IgG values against C. titillator in
the mucus and serum of infested
and apparently healthy camels were
determined using Indirect ELISA,
coated with antigens from contents
(Co), whole larvae crude Ag extract
(Cr), outer cuticle (So) and
excretory-secretory products (ESP)
of 3rd larval instars. The different
prepared Ags were evaluated via
calculation of their sensitivity,
specificity, positive predictive value
(PPV), negative predictive value
(NPV), apparent prevalence and
accuracy in the examined serum
and mucus samples.

By indirect ELISA, the
prevalence values reached 51.67%
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in Co, 13.33% in So, 20% in ESP
and Cr Ags in mucus samples. Also,
they were 65% in ESP, 70% Cr,
76.67% Co, 83.33% So in serum
samples of camels

There was a highly significant
relation  between the sample
sources (serum/mucus) and the
antigen types (ESP, Co, Cr & So)
depending upon the obtained results
by indirect ELISA test where P <
0.01. In the current study, the
recorded results for ELISA showed
that the use of Co Ag for antibody
detection in serum samples showed
the highest significant values (1.66
+0.042) in comparison with other
used Ags for serum and mucus
samples. Cr Ag used for detection of
Abs in serum showed a significant
reduction in the obtained readings
(1.18 + 0.059%) and did not show
any significant differences between
serum and mucus (0.99 + 0.045b¢),
ELISA readings obtained by ESP Ag
showed significant reduction in
comparison with those obtained by
Co Ag and Cr Ag. Also, ESP Ag
showed non-significant difference
between serum (0.98 + 0.039°) and
mucus (0.97 + 0.05°) samples. So
Ag recorded the lowest reading in
serum samples (0.43 £ 0.034¢). In
mucus samples, the obtained
readings for Co Ag and So Ag did
not show significant difference (0.65
+ 0.02449). The main effect of source
of sample showed a significant
results P< 0.05, where the use of
serum samples appeared
significantly higher (1.07 = 0.042)
than the mucus (0.83 + 0.02°). The
usage of different antigens showed
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a significant variation in the obtained
results by ELISA test, p< 0.05,
where Co Ag recorded the highest
values (1.18+0.052) followed by
ESP Ag (0.97+0.03?) and So Ag
showed the lowest values
(0.54+0.02¢). However, Cr Ag didn’t
show significant difference in
comparison with Co Ag
(1.0940.042b), Fig. 1 and Table 1

4. Accuracy of indirect ELISA by
different C. titillator Ags

In serum samples, Area under
Curve (AUC) reached 0.73 in Co Ag
which was referred to a good
diagnostic accuracy of ELISA test. It
reached 0.69 in Cr Ag that indicated
a sufficient diagnostic accuracy,
while of ESP and So Ags reached
0.55 and 0.57, respectively, which
indicate bad diagnostic accuracy.
The difference in AUC between Co
Ag and So was 0.16 which
considered statistically significant (P
< 0.05). In addition, the difference
between ESP (0.55) and Co (0.73)
resulted in higher difference (0.182)
more than those obtained using
other antigens. Table 2 and Fig. 2

In mucus sample, AUC was
(0.73) in ESP Ag that considered
good diagnostic accuracy of the
ELISA. In case of Cr Ag, AUC was
0.64 that indicated a sufficient
diagnostic accuracy, while in cases
of Co Ag and So Ag, they were 0.57
and 0.55 respectively which indicate
bad diagnostic accuracy. The
difference in AUC between ESP
(0.73) and So Ag (0.57) reached
0.176 which considered statistically
significant (P < 0.05). Table 3 and
Fig. 3
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5. Different evaluation parameters
of different Ags by ELISA

In serum samples, Co, Cr and So
Ags sensitivity was (100%) which
was higher than that ESP (84.21%).
Specificity of ESP and Cr Ags in
serum was 43.9 %, while of Co and
So Ags reached 34.15% and
26.83%, respectively. Positive
predictive value (PPV) was 45.24%
in Cr Ag, followed by 41.3% for ESP
and Co Ags and 35.85 % for so Ag.
Negative predicted value (NPV) of
Co, Cr, So Ag reached 100%, which

was higher than that of ESP
(85.71%).
In mucus samples, Co Ag

sensitivity was (75%) which was
higher than that ESP and Cr Ags
(50%), while it reached 25% in case
of So Ag. Specificity of ESP and Cr
Ags was 100 %, followed by 90.91%
for So Ag. The lowest percentage
was reached 56.82% for Co Ag. The
PPV was 66.67% in ESP and Cr
Ags, which followed by 50% in So
Ag and finally, 38.71% in Co Ag.
NPV was 86.21% in Co Ag followed
by 83.33% in ESP and Cr Ags and
then 76.92% in So Ag. Table 3.

The power of association or the
degree of agreement between the
ELISA and PM was evaluated using
Kappa (k) statistics and the results
illustrated that there were moderate
(Co Ag) to high (ESP and Cr Ags)
significant agreement between PM
examination and ELISA test for
mucus samples (k=0.444, p <0.01)
Also, it illustrated moderate
significant agreement (ESP, Co and
Cr Ags, k=0.22, 0.25 and.033,
respectively). However, So Ag had
week and non-significant agreement
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in both serum and mucus samples

(k=0.17- 0.18). Table 4

EVMPSJ 2021; 17:92-108

Table 1: ELISA antibody values in camel serum and mucus using
different Ags from 3rd instar of C. titillator.

Interaction effect

Serum Mucus
ESP Ag 0.98 + 0.039c 0.97 + 0.05¢
Co Ag 1.66 +0.042 0.69 + 0.045d
CrAg 1.18 + 0.059b 0.99 + 0.045bc
So Ag 0.43 + 0.034¢ 0.65 + 0.024d

Main effect of source of sample

Serum 1.07 £ 0.042
Mucus 0.83 + 0.02b
Main effect of Antigen

ESP Ag 0.97 +0.03°
Co Ag 1.18+0.052
Cr Ag 1.09+0.04ab
So Ag 0.54+0.02¢

Data are presented as mean + SE. Means followed by different small letters within each
column are significantly different (Two-way ANOVA, Tukey test, P< 0.05)
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Table 2: Pairwise comparison of ROC curves between different Ags

Variable Difference between | SE a Z statistic P value
areas (AUROC)
ESP vs Co 0.153 0.116 | 1.327 0.1846
Mucus o vs cr 0.0625 013 | 0.479 0.63
Crvs So 0.085 0.107 | 0.795 0.426
So vs ESP 0.176* 0.08 1.998 0.0458
ESP vs Cr 0.091 0.074 | 1.24 0.216
Covs So 0.023 0.092 | 0.25 0.805
ESP vs Co 0.182* 0.0596 | 3.06 0.002
Serum | CovsCr 0.041 0.0755 | 0.544 0.587
Crvs So 0.114 0.082 | 1.40 0.16
So vs ESP 0.027 0.101 | 0.268 0.788
ESP vs Cr 0.141 0.094 | 1.509 0.13
Covs So 0.155* 0.066 | 2.34 0.02
*Significant

Table 3: Immunodiagnostic predictive values of ELISA (based on PM as
standard gold) of serum and mucus samples in different antigens based
on ROC curve reading.

Serum Mucus

ESP Co Cr So ESP Co Cr So
Cut-off >0.91 >1.53 |[<15153 | >0.1088 | >1.41 > 0.66 >1.39 |>0.87
AUC (95% | 0.55 0.73 0.69 0.57 0.73 0.57 0.64 0.55

C.I)

Sensitivity 84.21% | 100% | 100% 100 % 50 % 75 % 50 % 25%

Specificity 43.9% 3415 |439% |26.83% | 100% 56.82% | 100% | 90.91%
%

PPV 41.3 % 41.3% | 45.24% | 35.85% | 66.67 % | 38.71% | 66.67 50%

%
NPV 85.71% 100% | 100 % 100 % 83.33% | 86.21% | 83.33% | 76.92%
Accuracy 56.67% | 55% 61.67% | 48.33% | 80% 61.67% | 80 % 73.33%
Prevalence | 65% 76.67% | 70% 83.33% | 20% 51.67% | 20% 13.33 %

AUC: area under curve, Co: organ content, Cr: crude, ESP: execratory secretory products, NPV:
negative predictive value, PPV: positive predictivevalue, So: somatic
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Table 4: Testing agreement between ELISA and PM examination in
discriminating results in serum and mucus samples for different four

antigens

Sample Diagnostic tests Kappa  value
EIISA and PM (K)
ESP 0.444***

Mucus Co 0.25**
Cr 0.444***
So 0.189NS
ESP 0.22**
Co 0.25**

Serum Cr 0.331**
So 0.17 NS
ESP 0.444***

*** Highly significant, **Moderatesignificant, NS: week and non-significant

2.0+
a
1.54 i -~ Serum
c - Mucous
1.0
c bc d
0.5+ d =
0.0 T T T T
Antigen1 Antigen2 Antigen3 Antigend
Antigen 1 (ESP), Antigen 2 (Co}, Antigen3 ( Cr) and Antigen 4 {So)
Fig 1. Significant relation between different Ags in serum and mucus
samples
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Discussion

Nasopharyngeal myiasis caused by
Cephalopina titillator (camel nasal bot)
which  very common in old world
camelids is usually detected at
necropsy or during PM inspection.

The observed clinical signs varied
from loss of appetite to impaired
breathing, which also noticed by Al-
jindeel et al. 2018; Bekele 2001 and
Kissi and Assen 2017. The increase
in body temperature resulted from the
release of endogenous pyrogens during
larval infestation ~ which  induced
stimulation of the thermoregulatory
center (Zumpt 1965). The observed
signs were difficult to be differentiated
from other caused by nervous or
respiratory diseases. Also, the
unavailability of commercial kits for
detection of Abs against C. titllator
made the current study aim to evaluate
indirect ELISA test against PM
examination (the gold standard test) for
detection of C. titllator Abs in serum and
mucus samples. Also, the study aimed
to determine the accuracy of ELISA in
screening Abs through the calculation

of sensitivity, specificity, and
prevalence.
The noticed PM lesions were

differed according to the number of
migrating larvae and their attachments
inside the nasal cavities. The
examination revealed copious mucus
secretion stained with blood, petechial
hemorrhage, congested mucus
membranes and nasal passages. The
latter was like the description of (Oryan
et al. 2008) in Iran, (Abd ElI-Rahman
2010) in Libya and (Kissi and Assen
2017) in Ethiopia.
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PM examination of slaughtered
camels revealed that the prevalence of
C. titllator was 26.27%. Nearly similar
rates were obtained by (Morsy et al.
1998) in Egypt to be 25%, and by (Al-
Rawashdeh et al. 2000) to be 33% in
Jordan. Higher rates were recorded as
the following: 82.6% in Ethiopica (Kissi
and Assen 2017), 79% in Libya (Abd
El-Rahman 2010), 71.4% in Iran
(Shakerian et al. 2011), 67.6% in the
eastern area Saudi Arabia (Amin
2005), 58.1% in Iran (Oryan et al.
2008), 52.3% in Iran (Jalali et al.
2016), 46.93% in Jordan (Al-Ani and
Amr 2016), 41% in Saudi Arabia
(Alahmed 2002), 40.07% in lIraq (Al-
jindeel et al. 2018). However, the
highest rate was reported by (Musa et
al. 1989) in western Sudan to be 100%

By indirect ELISA the prevalence
rate reached 83.33%. Nearly similar
percentage was recorded to be 90% by
(Attia et al. 2020) in Egypt and lower
percentage was 65.95% by (Toaleb
and Abdel-Rahman 2021) in Egypt.
The obtained percentages in the current
study were 83.33%, 76.67%, 70% and
65% in So, Co, Cr and ESP Ags,
respectively, which appeared nearly
similar to that obtained by (Hendawy et
al. 2013) in Egypt.

This difference in prevalence might
be attributed to seasonal variation [in
warm season larvae released outside
host and was ready to pupate, increase
seeking activity of adult flies in warm
days (Cepeda-Palacios et al. 1998)],
sex (sex hormones), breeding system
(lactation period in females), continuous
exposure to larvae, immunosuppression
caused by increasing age of the host or
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by parasite itself [recurrent infestation
induced decrease in lymphocytic
proliferation (Jacquiet et al. 2005)]

Immunological tests were
considered as alternative way to
postmortem examination for diagnosis
of larvae causing myiasis. They help in
easy, low cost and effective diagnosis,
especially in live animals. Also, their
ability to detect infection in case of low
or difficult detectable larvae in the
animal body (released outside the host)
by PM examination. ELISA test had
made it possible to perform a
serological test on sera and mucus
samples for early diagnosis of C.
titillator infestation. 1gG values against
C. titillator in mucus and serum samples
from infested and apparently healthy
camels were determined using indirect
ELISA, coated with antigens from
contents (Co), whole larvae crude Ag
extract (Cr), the outer cuticle (So) and
excretory secretory products (ESP) of
3rd larval instars.

In serum sample, Co, Cr and So Ags
showed higher sensitivity and NPV
(100%) than those calculated for ESP

(84.21% and 85.71%, respectively).
However, ESP showed the highest
specificity (43.9%). This might be

attributed to increase in nutrient intake
and feeding activity of third instar
accompanied with increase the size of
secretory organs and so the increase
immune response to produce higher
guantities of specific 1gG against ESP
Ag which explained by Hendawy et al.
2013; Tabouret et al. 2003 and
Yousef et al. 2016. Cr Ag obtained the
highest PPV (45.24%) followed by ESP
and Co Ags (41.3%) and then So Ag
(35.85%). This might be due to the
cumulative effect of the proteins
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produced from the cuticle and internal
organs forming Cr Ag, where
(Innocenti et al. 1997) reported that
proteins raised from cuticle were able to
activate the host immune system during
or immediately after molting of larval
stages. On the other hand, (Toaleb and
Abdel-Rahman 2021) recorded higher

evaluation parameters for Cr Ag
included 100% sensitivity, 96.88%
specificity, 94.12% PPV, and 100%
NPV in Egypt.

The currently obtained results from
ELISA in serum by Co Ag and those
recorded by (Attia et al. 2020) shared
the same sensitivity percentage (100%)
but the previously calculated specificity
and accuracy percentages by Attia et
al. 2020 were higher (50% and 90%,
respectively) than those calculated in
the current study (34.15 % and 55%,
respectively). This might be due to
using the whole internal content in this
study instead of salivary gland only in
the previous study and higher used cut
off value in this study (1.53 instead of
0.40). The degree of agreement
between the ELISA and PM by Kappa
(k) was compatible with the obtained by
Attia et al. 2020.

In mucus samples, ESP and Cr Ags
showed the highest immunogenicity
where specificity and PPV reached
100% and 66.67%, respectively,
followed by Co Ag which showed
moderate immunogenicity where
sensitivity and NPV were 75% and
86.21%, respectively. Finally, So Ag
obtained the lowest percentages. The
current immunogenic values for ESP
extracted from third instar were similar
to the values of Yousef et al. 2016
study.
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Variation between values obtained
from mucus and serum samples might
be attributed to differences in
production and distribution of local and
systemic 1gG against larval infestation.

In mucus samples, ESP Ag
prepared from L3 had a good diagnostic
accuracy of ELISA test which was
compatible with the results of Frugere
et al. 2000 and Yousef et al. 2016 and
despite obtaining non-significant
difference between using ESP in serum
(0.98 + 0.039¢) and mucus samples.

In serum samples, Co Ag prepared
from L3 showed the highest significant
values (1.66 +0.042) in comparison with
other used Ags where Co Ag intensely
stimulated the production of Abs inside
the infected hosts Angulo-Valadez et
al. 2009 and Tabouret et al. 2003.
Accordingly, Co Ag considered the best
immune-stimulant to induce a profuse
production of IgG against C. titillator.
This was compatible with reports of
Attia et al. 2020 and Hendawy et al.
2013.

The currently studied different
prepared antigens were developed
variable results according to the protein
structure of Ags, different immune
responses (cellular/humoral), type of
immunological test and modifications
Hendawy et al. 2013. C. titillator able to
stimulate cellular and humoral immunity
due to the prolonged infestation period
and their interaction with the immune
system of infested camels Oryan et al.
2008 and Stevens et al. 2006.

Conclusion

This study evaluated using indirect
ELISA test against different L3 antigens
of C. titillator where the serum obtained
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higher values than mucus samples of

the examined camels. In relation to

different  Ags, the strength  of
immunogenicity was arranged as: Co >
Cr > ESP > So in serum, and it was ESP
> Cr > Co & So in mucus. The obtained
results evaluated the use of Co Ag for
the serum samples in ELISA as the most
immunogenic one which enhance IgG
production and recommends its use for
early and accurate serodiagnosis of C.
titillator infestation in naturally infected
camels. Plus, using indirect ELISA test
for serodiagnosis will help in early
planning of treatment (less economic
loss) and preparation of monitoring and
eradication programs.
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