Advances in Animal and Veterinary Sciences

Research Article P
N

Check for
updates

Accurate Diagnosis of Camel Nasal Myiasis using Specific Second
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Abstract | Cephalopina titillator (C. titillator) larvae are considered important nasal myiasis producing agent of camels,
causing significant production losses in animals, and causing huge economic loss to the livestock industry all over the
world. Myiasis is considered a zoonotic disease of global importance, some myiasis can be life-threatening for humans.
'The infestation was diagnosed only on post-mortem examination of the animal after slaughter. Therefore, the objective
of the present research was to isolate and characterize a specific fraction extracted from C. fitillator larval antigen, for
the specific diagnosis of early infestation in living camels. Second larval instar extract of C. titillator showed higher di-
agnostic potency than first and third larval instars crude extracts. So that, an immunoaflinity larval fraction was isolated
from the 2" larval instar extract of C. #itillator with the highest diagnostic potency than its crude extract and unbound
fraction as proved by ELISA and western blot. The fraction has antigenic activity 87.67% of the initial activities, and
with the 1719.6-fold increase in specific activity compared to its crude extract. It separated into two bands with mo-
lecular weight 52 kDa and 22 kDa by SDS-PAGE. The diagnostic potency of the isolated fraction was evaluated by
indirect ELISA. The fraction recorded high specificity 96.88% and 100% sensitivity. Moreover, the fraction successfully
achieved 94.12%, 100%, and 97.92 % positive predictive, negative predictive, and diagnostic efficacy values, respectively.
Finally, the fraction recorded a prevalence of 65.95% of nasal myiasis in collected random blood samples of living cam-
els by ELISA. Collectively, the current results present a promising diagnostic immunoaffinity fraction of the 2" larval
instar extract of C. fitillator to detect specific antibodies of nasal myiasis in camels by ELISA.
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INTRODUCTION

yiasis, is an expression used to describe the infesta-

tion of a live animal by fly larvae, is rarely infested
human. Camel nasopharyngeal myiasis was caused by lar-
vae of C. titillator (Oryan et al., 2008). Previous studies
showed that nasal fly (C. fitillator) is an obligate parasite
of the Oestridea family, and is known as a common para-
site that attacks only camels in Egypt and other countries
(El-Hawagry et al., 2020; Mohammadpour et al., 2020).

Furthermore, nasopharyngeal myiasis represents the most

important problems of camels because it causes a great
economic loss resulting from the presence of C. fitillator
larvae (Abd EI- Rahman, 2010; Al-Ani and Amr, 2016).
Where the adult fly lays its eggs on living tissue in the base
of the camels’ nostrils and progresses to become larvae;
the first, second and third instar, these larvae attached to
the nasopharyngeal and paranasal mucus membrane, and
teed on living tissue, they remain about 11 months in the
animal, they cause extensive irritation, tissue damage, and
respiratory disorders (Shakerian et al., 2011; Al-Jindeel et
al.,2018). Additionally, infestations impair animals, lose
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their appetite that causes losses in terms of weight gain,
destroy host tissues, reduced milk and meat production,
low hide quality, impaired fertility and abortion, the re-
duction of host physiological functions result in death and
consequently cause high significant economic losses to
camel industry (Sazmand and Joachim, 2017; Sazmand et

al., 2019).

Camels play an important role in human’s life and in the
economy of many areas of the world mainly in Africa and
Asia (El-Hawagry et al., 2020; Mohammadpour et al.,
2020), where they are adapted physiologically to survive
under harsh conditions, and they are an important source
of meat and milk (FAOSTAT, 2019). Moreover, camels
play a crucial role in the epidemiology of parasitic diseases,
zoonotic diseases and their transmission to other livestock
and human (Zhu et al.,2019; Mohammadpour et al., 2020).
Most previous reports of prevalence rates of C. titillator in-
festation varies from one country to another, based on data
from slaughter houses that identified infestation during
post-mortem examination of camel heads (Abd El-Rah-
man, 2010; Hasanizade, 2020). The prevalence of infesta-
tion in Egypt was found 79% (Abd El-Rahman 2010) and
80% (Attia et al., 2020). And 89.02% in Iraq (Al-Jindeel
et al. 2018), 87.5% in Jordan (Al-Ani and Amr, 2016), and
41% (Alahmad, 2002) in Saudi Arabia and 67.6% in the
same locality and 52% in the eastern area of the Kingdom
(Amin, 2005). Moreover, the infestation of C. titillator lar-
vae, and its pathological lesions on affected tissue was ex-
amined in slaughtered camels by Kissi and Assen (2018).
Furthermore, an infestation of C. #itillator larvae stimulates
cellular and humeral immune responses, due to their inter-
acting with the host’s immune system during the long pe-
riod of infestation (Stevens et al., 2006; Oryan et al., 2008).
Therefore, the development of a rapid diagnostic assay to
detect antibodies of most camel parasites in living camels is
important. Where the serological diagnosis of C. #itillator
infestation indicated that the incidence of positive reactors
was higher than the detection of larvae at post-mortem
examination (Sabah, 2000). Immunodiagnosis of myia-
sis especially with ELISA allows easy and cost-effective
diagnosis in living animals, thus it permits planning time
for treatment when larvae have not yet caused economic
losses (Al-Jindeel et al., 2018). Recently, two diagnostic
assays; indirect-ELISA and Dot-ELISA, were evaluated
tor diagnosis of C. titillator infestation in camels’sera using
salivary glands antigen from third-stage larvae of C. titil-
lator (Attia et al., 2020). The success of ELISA depends
mainly on the used antigen where the isolated immuno-
diagnostic fractions are by far better than crude extract as
previously proved in several studies with different parasites
(Toaleb et al., 2011a,b; Hassan et al.,2012; Hassanain et
al.,2013; Toaleb et al.,2014; Shaapan et al., 2015; Hassan
et al., 2016; Toaleb et al., 2020). Moreover, previous study,

in which different C. titillator larval antigens; second and
third crude extracts including; digestive tubule (DT¢), ex-
cretory secretary products (ESP) and salivary glands (SGc)
crude extracts were evaluated to detect anti-C. ¢iti/lator an-
tibodies in camel sera using indirect ELISA (Hendawy et
al., 2013). Also, Yousef et al. (2016) used the indirect ELI-
SA against the same crude antigens (SGe¢, ESP and DTc)
from 2" and 3¢ larval instars of C. #itillator to detect anti-
bodies in the camel mucus samples in summer and winter.
Based on the above studies, the objective of the present
study is to specifically diagnose C. fitillator infestation in
live camels using specific antigen purified from 2°¢larval
instar extract where an accurate diagnosis is initial step for
treatment.

MATERIAL AND METHOD

ETHICAL STATEMENT

The present research was carried out as described by the
institutional guidelines of the National Research Cen-
tre’s Animal Research Committee under protocol number

18/198.

ANIMALS

Three hundred seventy-five old and young camels were
used in the current study. Two hundred eighty-nine live
camels and eighty-six slaughtered camels.

SAMPLES

C. titillator larvae: First, second and third instars of C. #i¢-
illator larvae were collected from nasal cavity, nasopharyn-
geal area, frontal sinuses and turbinate bones of slaughtered
camels’ heads. The recovered larvae from each camel were
carefully collected and were identified as C. titillator larvae
according to specification of posterior spiracles as shown
by Zumpt (1965). Washed the three stages; first (L1), Sec-
ond (L2) and third (L3) larvae by phosphate buffer saline
(PBS) PH 7.2 several times and preserved them in a sep-

arate container.

Blood samples:

Three hundred seventy-five blood samples were collected
from camels. Serum samples were separated and identified
as:

-Thirty-two infested camels’ sera were collected from
camels infested with C. titillator larvae at post-mortem
inspection, gold standard (examination the skulls of the
slaughtered camels).

-Ten negative camels’ sera were collected from camels less
than three months of age; proposed to be C. titillator-tree,
the blood samples collected in winter and before spring
or summer seasons when the fly is detected. Free from C.
titillator infestation and no other infection of parasites by
postmortem inspection and fecal analysis (gold standard
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negative control sera)

-Two hundred seventy-nine randomly camels’ sera were
collected from camels.

-Fifty-four blood samples from camels infected with
different other parasites including; sixteen blood samples
were collected from examined slaughtered camels infected
with echinococcosis/hydatidosis in different organs. Seven
camels’ sera were collected from slaughtered camels their
liver infected with Fusciola gigantica. Twelve camels’ sera
were collected from camels infested with ticks, infestation
of examined dromedaries have been observed (Ticks are
abundant on camels). Twelve infected camels’ sera toxo-
plasmosis (positive anti- Toxoplasma antibodies detection
in sera of camels by ELISA). Seven infected camels’ sera
with Coccidiosis (Eimeriosis) intestinal protozoan, infec-
tion of camels is caused by parasites of the genus Eimeria
(proved by fecal examination).
PREPARATION OF CRUDE C. TITILLATOR LARVAL
ANTIGENS

First, second and third instars larvae were separately ho-
mogenized in phosphate buffer saline (PBS), pH 7.2
then sonicated for 5 min at pulse rate 60-80 according to
Attia et al. (2019). Each homogenate was centrifuged at
16000rpm for 30min. in cooling centrifuge, and then su-
pernatants were collected to be used as crude extracts for
first, second and third larvae. The protein content of the
prepared antigens was estimated by Lowry method (Low-
ry et al., 1951). Then the prepared antigens stored at-20°C
until use.

IMMUNOAFFINITY =~ CHROMATOGRAPHY OF C.
TITILLATOR 2™° INSTAR LARVAE

The pooled positive naturally infected camels’ sera were
coupled to the cyanogen bromide (CNBr)-activated Se-
pharose-4B according to manufacturer’s instructions. The
crude extract of 2™ instar larval C. titillator antigen was
applied to the column. Then the bound fraction was eluted
and assayed for protein content according to Lowry et al.

(1951).

SDS-PAGE

Under reducing condition on 10 % SDS-PAGE slab gel;
the three crude extracts (First, second and third instars
larvae), and isolated 2°¢ instar larvae fraction with stand-
er protein were separately electrophoresed as described by
Laemmli (1970). The slab gel was stained with silver stain
after separation according to Wray et al. (1981). The gel
was analyzed by using Gel Doc ™ XR with Image Lab
Software.

ELISA
Indirect ELISA was adopted firstly to evaluate the diagnos-
tic potency of three crude extracts L1, L2 and L3 against

positive C. titillator naturally infested camels’sera. Second-
ly, it was selected to evaluate the success of the purification
process of the most diagnostic crude extract identified in
the first step, by determination of the diagnostic values of
the fraction compared with the unbound one and its crude
extract. Thirdly, it was performed to detect anti - C. #itil-
lator antibodies in sera of live camels using the diagnostic
fraction. A checkerboard titration was used to determine
the antigen, serum, and conjugate concentrations accord-
ing to Harlow and Lane (1988). The reaction was read by
using the ELISA reader at 450 nm (BIO-TEK, INC. ELx,
800UV). Sera which have optical density (OD) values
more than the cut-off value were considered positive. The
cut-off value was estimated by 2x the mean OD value of
negative control sera (Romero et al., 2010).

IMMUNOBLOT ANALYSIS

After electrophoresis of the most diagnostic fraction and
its crude extract, slab gel was transferred onto nitrocel-
lulose membrane as shown by Towbin et al. (1979). The
membrane was incubated with pooled antiserum of C.
titillator naturally infected camel. Diluted Protein A was
used. Bands were appeared by using 4-chloro-1-naphthol.
The membrane was analyzed by Molecular Imager Gel

Doc TM XR with Image Lab Software.

DETERMINATION OF THE CROSS REACTIVITY AND
DIAGNOSTIC VALUES SENSITIVITY, SPECIFICITY,
ACCURACY, POSITIVE PREDICTIVE VALUE (PPV),
NEGATIVE PREDICTIVE VALUE (NPV)

To estimate the specificity of C. Titillator diagnostic frac-
tion, it was examined against camels’ sera infested with C.
Titillator larvae, and with other parasitic Infestations using
indirect ELISA. The other parasitic infections are; hard
tick infestations, fasciolosis (Fasciola gigantica), echinococ-
cosis/hydatidosis (Echinococcus granulosus), toxoplasmosis
(Toxoplasma. gondii) and Coccidiosis/Eimeriosis (Eimeria

spp-)-

Specificity, sensitivity, positive and negative predictive val-
ues were calculated according to Tabouret et al. (2001) and
Parikh et al. (2008)

Sensitivity (%) = [True positive/ (True positive + False
negative)] x100

Specificity (%) = [True negative / (True negative + False
positive)] x100

PPV % = [True positive / (True positive + False positive)]
x100

NPV % = [True negative / (False negative + True nega-
tive)] x100.

Diagnostic Efficacy (%) = [(True negative + True positive)
/ (True positive +False positive + true negative + false neg-

ative)] x100
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Table 1: Quantitative summary of crude 2™ larvae purification.

Fraction Total protein * Activity unit®
(pg=x104) (Au x 10°)

Crude ES 424.8 8.2

Unbound to column 226.5 1.02

Bound and eluted fraction 32.0 8.0

Specific activity © Purificationfold  Yield (%)
(Au/pg x 10%)

1.93 1.00 100

.45 43 12.4

25 1719.6 97.56

* Protein content was measured by Lowry method (Lowry et al., 1951).
® Activity unit represents the amount of protein required to give one well of agglutination.
¢ Specific activity, it is representing the number of activities per pg of protein and is related to the starting crude 2™ larvae

STATISTICAL ANALYSIS
Data represented a mean OD values + SD and analyzed
using the One- way ANOVA analysis by using the SAS

9.1 software package, significance at P < .05.

RESULT'S

LARVAE FROM THE NASOPHARYNGEAL CAVITY OF
CAMELS

Examination of 32 camel heads proved that the count of
C. titillator larvae per camel was ranged between 17 and
21larvae, with a mean of 19+2 larvae per camel. The larvae
were restricted to the nasopharyngeal cavity and turbinates.
While a few larvae were found in the turbinate bones and
ethmoid area. The colors of the first and second larvae were
white or grey. The length of the first larvae ranged from
0.6 to 1.2cm (0.9 cm + 0.3), its width was ranged from 0.2
to 0.4 cm (0.3 cm + 0.1). Length of the second larvae was
ranged from1.3 to 1.6 cm (1.45 cm = 0.2), its width was 0.3
to 0.6 cm (0.45 cm = 0.1). The color of the third larvae was
yellowish, with a dark brown line on the ventral surface, its
length ranged from 1.9 to 2.8 cm (2.35 cm + 0.4) and its
maximum width ranged from 0.6 to 1.1 cm (0.85 cm + 0.2)
as in Figure 1.

—L1

L3

LR

Figure 1: The three phases of instars larvae of C. titillator
from infested camels

COMPARATIVE DIAGNOSTIC POTENCY OF THREE CRUDE
LARVAL ANTIGENS

Crude 2™ larval antigen (L2) showed higher potency than
the other crude extracts first and third larval antigens for
detection of anti - C. #itillator (IgG) in naturally infested
camels’ sera by using indirect ELISA as shown in Figure 2.

0.8
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0.6 4

0.5 4
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0.3 A
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0.1 A
0

1st larval instars of 2nd larval instars of 3rd larval instars of
C. titillator C. titillator C. titillator

OD value at 450 nm

Larvae antigens

Figure 2: Comparative diagnostic potency of three crude
first, second and third antigens in detection of anti- C.
titillator IgG in naturally infested camels’ sera

PURIFIED FRACTION OF 2™ LARVAE ANTIGEN

Table 1 shown that the eluted fraction possesses 87.67% of
the initial antigenic activities of the crude extract of 2" lar-
vae, and the fraction represents only 7.5% of total protein
in crude 2™ larvae applied to the column giving 1719.6-
fold increases in the specific activities compared to crude

second larvae.

ELECTROPHORETIC PROFILE OF THE ANTIGENS

The electrophoresis profile of the isolated fraction and
three crude extracts; first, second and third larvae antigens
under reducing conditions in SDS-PAGE 10% slab gel,
showed that; isolated fraction was resolved into two bands
only of molecular weight 52 kDa and 22 kDa (Figure 3
Lane 4), compared to multiple bands in its crude extract
second larvae were at molecular weight 60, 52, 43, 39, 34,
29,26,22,18 and 14 kDa (Figure 3 Lane 2). The predom-
inant bands of crude extract of third larvae were eleven

bands at 175, 70, 61, 53, 48, 43, 34, 29, 26, 19 and 11kDa
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(Figure 3 Lane 3). Whereas, crude extract of first larvae

was resolved into seven bands at molecular weight 53, 43,
39, 34, 26,24 and 10.5kDa (Figure 3 Lane 1).

NMw St 1

L]
S
b

14

10.5

Figure 3: Electrophoretic profile of the isolated 2 larval
fraction (Lane 4), and crude first larvae (Lane 1), crude
second larvae (Lane 2), crude third larvae (Lane 3) and
Molecular weight standards (Lane Mw St).

—a— 2nd larval instars fraction
0.8 - —a— Crude 2nd larval instars antigen
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Figure 4: IgG Level measured by ELISA with specific
fraction, its crude 2™ larvae and unbound antigens in
detection of IgG in camels’ sera naturally infested by C.
titillator larvae

IMMUNOGENIC ACTIVITIES OF THE FRACTION

The specific 2™ larvae fraction showed higher potency
than its crude extract 2™ larvae and unbound antigens in
the diagnosis of nasopharyngeal myiasis infection, in two-

fold serially diluted infested camels’sera by C. titillator lar-
vae using indirect ELISA. The diagnostic potency of the
fraction was still valid at high dilution of serum samples
reached 1:262,144 (Figure 4).

IMMuUNOBLOT

Immunoblot analysis used to identify the specific and sen-
sitive immunogenic reactive bands of the fraction, using
pooled sera of infested camels by Cephalopina nasal my-
iasis (Figure 5A) and non- infested camels’ sera negative
control reacted (Figure 5B). As shown in Figure 5A four
immunogenic reactive bands corresponding to molecular
weight 60, 52, 22 and 14 KDa reacted specifically with
infested camel sera in crude extract 2"arvae (Figure 5
A strip 1). Only two immunogenic reactive bands cor-
responding to molecular weight of 52 kDa and 22 kDa
that were specific present in the fraction (Figure 5A strip
2). Both fraction and its crude extract were not reacted
against control sera from non- infested camels Figure 5B
(strip 3 and 4).

14
10.5

Figure 5: Immunoblot analysis of the larval purified
fraction (2, 4) and its crude extract (1, 3), using pooled sera
of infested (A) and non-infested camel sera by Cephalopina
nasal myiasis (B).

ASSESSMENT OF THE ANTIGENIC ACTIVITIES AND
THE IMMUNOLOGICAL DIAGNOSTIC VALUES OF THE
ISOLATED FRACTION

Immunogenic reactivity of the fraction was tested by in-
direct ELISA to detect C. fitillator antibodies levels using
positive IgG antibodies of C. titillator, negative camels’
sera and different antibodies of other parasitic infections
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but negative for IgG of C. titillator. The fraction reacted
positively with all serum samples of camel infected with
C. titillatoras proved by post mortem examination, record-
ing100% sensitivity and 96.88% specificity (Figure 6). The
fraction successfully achieved 94.12%, 100% and 97.92 %
positive predictive, negative predictive and diagnostic efh-
cacy values, respectively. While the fraction recorded 8.3
% cross - reactivity (false positive) with camel serum in-
tected with toxoplasmosis (n=12, one false positive for C.
titillator nasal myiasis). No cross reactivity was recorded
with uninfected camel sera (negative sera for C. #itillator),
and no cross reactivity with antibodies of tick’s infestation,
fascioliasis, hydatidosis and coccidiosis (Figure 6).
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Figure 6: Detection of specific C. #itillator antibodies IgG
in positive camel sera and different sera of camel diseases

using larval fraction by ELISA
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Figure 7: Diagnostic potency of purified fraction for camel
Cephalopina nasal myiasis by indirect ELI SA.The blue line

represents cut off at 0.390 in collected random samples

DiagNosTIC POTENCY OF LARVAL FRACTION ELISA
IN CAMEL CEPHALOPINA NASAL MYIASIS:

Indirect ELISA was performed to diagnose Cephalopina
nasal myiasis in camels’ sera using purified fraction as an-
tigen. The fraction detected 184 positive samples of 279
(65.95%) of examined camel random serum samples were

infected with C. titillator and 95 were negative the OD
values ranged from 0.092 to 0.769 as shown in Figure 7.

DISCUSSION

Due to the importance of camels and the seriousness of
disease that represents a serious veterinary problem world-
wide and the difficulties to detect infestation with C. #iz-
illator in live animals, besides that it is difficult to differ-
entiate between other nervous or respiratory pathogens,
and infestation with C. #itillator larvae which has the same
clinical signs. And C. #itillator larvae can’t be seen by blood
or in fecal samples. There are no available commercial kits
for the diagnosis of myiasis in camels. Immunodiagnosis
to the detection of anti- C. #itillator antibodies is an alter-
native method to clinical parasitological examination and
postmortem examination.

'Therefore, the present research concerning serological di-
agnosis of infestation in living animal.

Where, in the present research the results of the postmor-
tem examination of slaughtered camels’ heads revealed 32
positives. The number of recovered C. titillator larvae in
each head ranged from 17 to21 with a mean number 19 +
2 larvae/animal, most larvae were attached to the mucosa
of the nasopharyngeal cavity. Whereas, AL-Ani and Amr
(2016) reported the number of recovered larvae ranged
from 12 to 113, and average was 43 larvae in the naso-
pharynx, and number of recovered larvae reflects infection
intensity. Furthermore, Yousef et al. (2016) reported that
the intensity of infestation and the lesions induced by sec-
ond and third larvae of C. titillator stimulate the immune
response in camels. So that the immunodiagnosis in sera
has been accurate and necessary for detected the infesta-
tion in living animals.

Therefore, the target of this research will be achieved by
isolation of antigen with high specificity and sensitivity
for accurate diagnosis of nasal myiasis. Additionally, in the
present research, the gold standard control positive sera
(collected from camels their nasopharyngeal cavities in-
tested with C. titillator larvae), and gold standard control
negative sera (collected from young camels less than three
months and C. #itillator-free) were used in for evaluating
the diagnostic potency of the antigen used for screening
infestation of larvae C. #itillator in camels.

In the present research, specific larval fraction was isolated
from the most potent diagnostic antigen; crude extract 2™
larval instar of C. titillator, as proved by ELISA. The pu-
rified fraction with most antigenic activities 87.67% of 2™
larval instar crude was isolated by immunoaffinity column
chromatography with 1719.6 purification folds than crude
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extract. The success of the purification process was further
supported by the low antigenic activity in the unbound
fraction which means that the most antigenic activity was
associated with the pure bound fraction. electrophoretic
separation showed the purified fraction consists of two
bands of molecular weight 52kDa and 22kDa. These two
bands similar to bands 52 kDa and 22kDa were observed
in SGe, while, one band at 51kDa was observed in DTc
and ESP isolated antigens from second larvae instar of C.
titillator (Yousef et al., 2015).

In the present study the fraction reacted strongly with
positive naturally infected camel’s sera with C. titillator
as proved by immunoblot analysis. Moreover, by indirect
ELISA the fraction proved success in diagnosis recording
100% sensitivity and 96.88% specificity in the diagnosis
of C. titillator infection in camels recording 65.95% infec-
tion. Whereas, previous study proved that the immuno-
genic bands, 58kDa and 35 KDa which extracted from the
anterior end of second and third-stage larvae were used for
diagnosis of Cephalopina infestation in the sera of living
camels where band of 58 kDa recorded 100% sensitivity
and band of 38kDa recorded 28.6% sensitivity (AL-Nasr
et al., 2013). The specificity of both bands 58 and 28 didn’t
extensively study so, the current research characterized by
introducing a specific antigen with complete study of its
sensitivity and specificity. Additionally, Attia et al. (2020),
reported 100% sensitivity, 50% specificity, and 90% accu-
racy with crude salivary gland antigen of third larvae of
C. titillator. 'The current fraction is the best in specificity
compared with the other mentioned antigens.

ELISA proved potency in serodiagnosis of myiasis in the
current research recording infection percentage of 65.95%.
Previously, Yousef et al. (2016) measured antibody titers
against both second and third antigens of C. titillator in
camel mucus by ELISA and reported that the antibodies
titers were higher in winter than in summer, and second
larval instar, is the source of antigenic fractions (SGe, ESP,
and DTc). Moreover, Hendawy et al. (2013) recorded prev-
alence percentages 51.72% and 53.57% with second larvae
of C. titillator and SGc antigens, respectively by indirect
ELISA. While, Attia et al. (2020) used indirect-ELISA
for the detection and monitoring of C. titillator in camels,
they reported 100% sensitivity, 50% specificity, and 90%
accuracy with SGe antigen isolated from of third larval
instar of C. titillator.

Collectively, the diagnostic purified fraction of 2" larval
instar of C. titillator could successfully be utilized for di-
agnosis of nasal myiasis by ELISA in camels which may
help to control the infection and minimized transmission
to human. Finally, a fraction was easily isolated with low
costs and proved high diagnostic potency of camel nasal
myiasis. And can be used for further studies of protection
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