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Abstract Cephalopina titillator (C. titillator) is a common

worldwide nasal bot fly larval infestation of camels, which

belongs to the family Oestridae. This study aimed to

evaluate two new immunologic diagnostic techniques;

indirect-ELISA and Dot-ELISA, for the screening of C.

titillator infestation in camels. Thirty slaughtered camel

heads were examined carefully for the presence of C. tit-

illator larvae. One hundred, third-stage larvae (L3), were

dissected for the collection of their salivary glands, for the

preparation of the salivary gland antigen. Blood samples

were obtained for hematological and serological exami-

nations. Results revealed a true prevalence of C. titillator in

the sampled camels being 80% (24/30). Infested camels

showed a significant reduction in leukocytes (P\ 0.0001)

and neutrophils (P = 0.045), and a significant increase in

eosinophils and monocytes (P\ 0.0001). The serological

examination estimated apparent prevalence as 80% (24/30)

and 90% (27/30) by Dot-ELISA and indirect-ELISA,

respectively. Dot-ELISA revealed 100% sensitivity,

specificity, and accuracy. While, indirect-ELISA displayed

100% sensitivity, 50% specificity, and 90% accuracy. Dot-

ELISA exhibited perfect agreement with the gold standard

test, so it could be considered an ideal, simple, and accurate

immunologic screening technique for the detection of C.

titillator in camels.

Keywords Cephalopina titillator � Indirect-ELISA �
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Introduction

Camelus dromedarius is the native camel that is present

worldwide, especially in the arid and semi-arid regions of

different countries such as Egypt, northern Nigeria, Iran,

and Saudi Arabia. Dromedary camels slaughtered for their

meat and hides. Camels are exposed to different internal

and external parasites and could transfer diseases through

different countries in Africa (El-Rahman 2010).

Cephalopina titillator (C. titillator) is a common nasal

bot fly larva that belongs to the family Oestridae, which

infest camel populations within African and Asian coun-

tries (Higgins and Kock 1984). Cephalopina titillator adult

flies roam around their specific host where they deposit

their first larval stage in the base of the camels’ nostrils.

The larvae crawl into the nasal cavities and their sinuses to

molt into the second, third larval stages and the full mature

larval instars which are sneezed with mucous out the

nostrils (Zumpt 1965; Angulo-Valadez et al. 2011). Camel

nasal bot fly larvae cause a severe health condition in

camels. Clinical signs could vary according to the intensity

and the developmental stage of the larvae. Clinical mani-

festations include difficulty in breathing, plus severe irri-

tation to the mucous membranes and the ethmoid bone,

which leads to tissue damage (Otranto 2001). Sever cases

in camel myiasis lead to meningitis which could develop
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through secondary bacterial or viral infections (Musa et al.

1989).

Several countries recorded different prevalence rates in

camels with the C. titillator infestation as Egypt (Ashmawy

et al. 1985; Zayed et al. 1994), Chad (Graber and Gruvel

1964), Sudan (Steward 1950), Iran (Jalali et al. 2016) and

different countries in Asia.

Many studies had reported the prevalence and incidence

rates of C. titillator, but few reports investigated the

diagnostic value of using different serological tests; as

indirect-ELISA and Dot-ELISA, for the detection and

monitoring of C. titillator in camels.

Materials and methods

The examination of slaughtered camels for larval

collection

A total of 30 camels were sampled and examined at

slaughterhouse in Cairo abattoir. The camels were brought

from Sudan and Sinai for slaughtering. The age and sex of

each camel were recorded by careful inspection of the

slaughtered camels (Abouheif et al. 1990). The heads of the

examined camels were separated from the body and

sagittally cut to directly inspect the nasal passages and

pharynx for the presence of C. titillator larvae. The larvae

were collected with forceps, placed into vials containing

saline, and labeled. Additionally, the two turbinate bones

(near the brain) were placed in plastic bags and labeled.

The second (L2) and third (L3) larval stages were macro-

scopically detected by naked eyes.

Samples

Fecal samples

Fecal samples were obtained during clinical examination

for parasitological examination, using direct fecal smear

and floatation technique, for the exclusion of internal par-

asitic infections. Detection of parasitic eggs, oocysts, lar-

vae, or adult worms was suggestive for the exclusion from

the sera in the present study (Soulsby 1986).

Blood and serum samples

Blood samples (6 ml each) were received from the jugular

vein of each camel into plain tube was for serum

separation.

Identification of C. titillator larvae

All the collected larvae were examined in the parasitology

laboratory of the Faculty of Veterinary Medicine, Cairo

University. The identification of the collected bot fly larvae

was verified using the morphological key described by

Zumpt (1965) with the stereoscopic and light microscope.

Ultrmorphological study of the collected

Cephalopina titillator

The 3rd stage larvae of C. titillator were washed several

times; labelled with their concentration using buffered

phosphate saline (pH 7.2). The larvae were fixed in 2.5%

glutaraldehyde for 24 h. The larvae were dehydrated in

serial upgraded ethanol degrees. Then, the larvae were

dried in CO2 critical point drier (Autosamdri-815, Ger-

many) and glued on stubs; coated with 20 nm gold in a

sputter coater (Spi-Module sputter Coater, UK). The larvae

were photographed with the electron microscope (JSM

5200, Electron probe Microanalyzer, Jeol, Japan) at the

Faculty of Agriculture, Cairo University, Egypt as descri-

bed by Attia and Salaeh (2020) and AbdElKader et al.

(2020).

Serological diagnosis

Preparation of larval antigens

One hundred, third-stage larvae (L3), were dissected for

the collection of their salivary glands, for the preparation of

the salivary gland antigen. The collected salivary glands

(SG) were preserved in 1 ml phosphate-buffered saline (pH

7.2), ground in ice by a homogenizer, then sonicated for

5 min at pulse rate 60–80; according to Attia et al. (2019a).

The protein content of the SG was measured using the

modified Lowry’s methods (Lowry et al. 1951).

Preparation of hyper-immune sera (HIS)

Male rats (Rattus norvegicus albino) of 100 g weight, were

adopted to produce hyper-immune sera (HIS) against SG

protein; as designated by Attia et al. (2019a). Rats were

separated into two groups; a negative control group and SG

antigen immunized group. The protocol of immunization

included three doses of the 1 ml a mixture of 0.5 mg SG

antigen and 0.5 ml the mineral oil adjuvant. The first dose

was subcutaneously delivered, while the following two

doses (each dose 1 ml as first dose) were given intramus-

cularly. Two weeks post-immunization, rats were subjected

to bleeding for sera collection. The collected HIS were

stored at - 20 �C until analyzed. This study was approved
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by the ethical committee of the Faculty of Veterinary

Medicine, Cairo University.

Sera examined

Serum samples used for indirect-ELISA and Dot-ELISA

procedures included: HIS of rats against SG antigen; neg-

ative sera from control rats; positive sera from naturally C.

titllator infested camels; three sera from camels infected

with another single parasite as Hydatid cyst or Hae-

monchus contortus without C. titllator infestation.

Enzyme-linked immunosorbent assay (ELISA)

For the determination of the lowest antigen dilution, a

checkerboard titration was applied according to Harlow

and Lane (1988), using 96 flat bottomed-wells ELISA

plates were used and all the dilution and chemicals were

applied according to Attia et al. (2019a, b). Protein A

conjugate (IgG) (Sigma, A-5420) and 10 mg Ortho-Phe-

nylene Diamine (OPD) substrate were used. The reaction

stopped using the stopping buffer 3 N H2SO4. The Optical

density (OD) was recorded from the ELISA reader adjusted

at 450 (Bio-Rad, USA). All the sera were considered

positive when OD give as or more than the cut-off value.

Dot-enzyme-linked immunosorbent assay (Dot-ELISA)

Two hundred ng of SG antigen was used onto 1 cm

nitrocellulose membranes (NC) of 0.22 lm pore diameter

(Bio-Rad Laboratories, USA), and incubated at 37 �C for

1 h. The NC was blocked, sera were added, and the con-

jugate (Anti-rat IgG and Protein A IgG conjugated horse-

radish peroxidase). The used substrate was (4-chloro-1-

naphthol in methanol). The violet color was developed and

then stopped by the washing of the NC by distilled water.

Positive sera developed violet color, while negative ones

exhibited no color; all the procedures followed Attia et al.

(2019a).

Statistical analysis

For the indirect-ELISA test, the cut-off point for a positive

result was taken as 29 mean of optical density (OD) of

negative control sera (Romero et al. 2010). To assess the

sensitivity, specificity, accuracy, positive predictive value

(PPV), negative predictive value (NPV), and other evalu-

ation points of the screening diagnostics, each screening

test was performed through the inspection of the slaugh-

tered camels’ heads, indirect-ELISA, and Dot-ELISA.

Inspecting heads of the slaughtered camel is regarded as

the most sensitive method for the epidemiological

detection of C. titillator infestation, so it was assigned as

the gold standard test.

Kappa statistic (j) was performed to measure the

agreement between different screening tests based on the

guidelines of Altman (1999) and adapted from Landis and

Koch (1977). The Landis and Koch scale (Landis and Koch

1977) was used to measure the degree of agreement

according to the Kappa value, with the scores divided into:

\ 0 no agreement; 0.0–0.20 slight; 0.21–0.40 fair;

0.41–0.60 moderate; 0.61–0.80 substantial; 0.81–0.99

almost perfect; 1 perfect.

Data were expressed as means and standard errors and

were statistically analyzed using independent sample t test

and analysis of variance (ANOVA) test. Pearson’s corre-

lation coefficient (r) and regression analysis (R2) tests were

performed to evaluate the association between the studied

variables. All statistical analyses were performed using

PASW Statistics, Version 18.0 software (SPSS Inc., Chi-

cago, IL, USA). Statistical significance was considered

when P value is less than 0.05.

Results

Prevalence of infestation and gross examination

Examination of heads of 30 camels, in the current study,

revealed that 24 of camels (80%) were infected with C.

titillator instars. The observed minimum and maximum

intensities of C. titillator larvae per camel were 4 and 20

larvae respectively, with a mean of 11.9 larvae per camel.

The infestation was confined to the nasopharyngeal

cavity and turbinates in which numerous larvae were active

and freely crawling around. A few larvae were detected

deep in the turbinate bones and ethmoid area.

Results of Pearson correlation (Table 1) indicated that

there was a weak positive association between camels’ age

and larval infestation intensity (r = 0.40, P = 0.029). For

each one-year increase in camels’ age, we observed a 1.74

(± 1.55, ± 95% CI) increase in the larval count (F(1,

28) = 5.31, P = 0.029, R2 = 0.16); as demonstrated in

Fig. 1. Results in Table 1 indicated that the total mean

larval infestation intensity was not significantly different

for age classes of camels (F(3, 20) = 0.85, P = 0.484).

On average, total larval infestation intensity in females

(M = 13.30, SE = 1.09) was greater than that in males

(M = 10.93, SE = 1.38). This difference, 2.37 larvae (95%

CI - 1.52, 6.26), was not significant (t(22) = 1.27,

P = 0.219) (Table 1).
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Second stage larvae of C. titillator (L2)

The color of the freshly recovered L2 from the turbinate

was whitish. The length of the larvae ranged from 0.6 to

1.4 cm (1 cm ± 0.2) while its maximum width was

0.3–0.5 cm (0.4 cm ± 0.1). Each segment was provided

with several tubercles. The larvae were provided with

posterior spiracles in deep pits, as demonstrated in Fig. 2.

Third stage larvae of C. titillator (L3)

The fully mature larvae were whitish to yellowish coloured

with a dark brown line on the ventral surface. The larvae

varied in length from 1.9 to 2.6 cm (2.2 cm ± 0.1) and its

maximum width ranged from 0.5 to 1.1 cm (0.8 cm ±

0.2). It was provided with posterior spiracles located

deeply at the posterior end of the 12th segment; Fig. 2. The

third stage larvae were photographed by SEM for mor-

phological description of the surface ultrastructure as; the

anterior end or pseudocephalon had two long curved

maxillae; with absence of mandibles. The two antennary

lobes were large and supported by sensory papillae; the 1st

and 2nd thoracic segments were supported by small spines

ventrally. While the 3rd segments and abdominal segments

were supported by large fleshy spines with tapering end

and small spines. The last abdominal segment contains two

peritremes in deep pit; this last abdominal segment formed

from dorsal and ventral lips. The lips contain number of

sensory papillae at its surface and small spines (Fig. 3).

Serological analysis

The cut-off value for camels’ sera was 0.40 for the indirect-

ELISA test. Positive OD values for camels’ sera ranged

between 0.60 and 2.8 in indirect-ELISA. Examination of

the heads of slaughtered camels (Gold standard test) as

well as Dot-ELISA testing of camel’s sera showed posi-

tivity in 24 samples (80%), while 27 (90%) camels were

found to be positive for C. titillator with indirect-ELISA

(Table 2). The indirect-ELISA test of camels’ sera showed

a sensitivity of 100%, and specificity of 50%, with an

accuracy of 90%. While, the Dot-ELISA test showed a

sensitivity of 100%, and specificity of 100%, with an

accuracy of 100% (Table 2).

Kappa (j) test was run to measure the agreement

between the indirect-ELISA, Dot-ELISA, and GS test

results of healthy and C. titillator infested camels. Based

on the results in Table 3, we could report that there were

significant substantial agreements between the results of

the indirect-ELISA and GS tests, as well as between the

results of the indirect-ELISA and Dot-ELISA (j = 0.62,

P\ 0.0001). Additionally, there was a significant perfect

Table 1 Mean intensities (± SE) of Cephalopina titillator larvae found according to age groups and sex in the infested camels

Total larvae mean L2 L3

Age class (years)

4 11.67 ± 2.38 2.83 ± 1.08 8.83 ± 2.39

5 10.38 ± 1.74 0.88 ± 0.58 9.50 ± 1.69

6–7 14.33 ± 1.43 2.67 ± 0.33 11.67 ± 1.41

8 11.75 ± 1.55 1.25 ± 0.75 10.50 ± 1.32

P value 0.484 0.151 0.720

F(3, 20) 0.85 1.97 0.45

Sex

Female 13.30 ± 1.09 2.10 ± 0.41 11.20 ± 0.96

Male 10.93 ± 1.38 1.71 ± 0.61 9.21 ± 1.35

P value 0.219 0.634 0.282

t(22) 1.27 0.483 1.10

SE standard error, L2 2nd stage larvae, L3 3rd stage larvae

No. of larvae = (1.7418× Age of camel) + 0.1275
R² = 0.16
P = 0.029
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Fig. 1 Relation between age of infested camels and intensity of

larvae (no.)
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Fig. 2 Cephalopina titillator recovered from the camel skull. A The heads of slaughtered camel showing the presence of larvae in the pharynx.

B The collected 2nd and 3rd stage larvae; C 2nd stage larvae and D showing 3rd stage larvae

Fig. 3 Scanning electron micrograph of 3rd stage larvae of C.
titillator showing: A the anterior end or pseudocephalon had two long

curved maxillae (m) and two antennary lobes (al). B Pseudocephalon

with the 1st and 2nd thoracic segments were supported by small

spines. C High magnification of antennary lobe with sensory papillae.

D Showing the large fleshy spines (f) with tapering end and small

spines (ss) behind the fleshy one. E Showing the last abdominal

segment which contains two peritremes (p) in deep pit; this last

segment formed from dorsal (dl) and ventral lips (vl). F The lips

contain number of sensory papillae (sp) at its surface and small spines
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agreement between the results of the Dot-ELISA and GS

tests (j = 1.00, P\ 0.0001).

Results of Pearson correlation (Table 4) indicated that

there was a significant strong positive association between

larval infestation intensity and indirect-ELISA titer (OD)

(r = 0.87, P\ 0.0001). For each one increase in larval

count, we observed a 0.097 (± 0.02, ± 95% CI) increase

in the ELISA titer (OD) of the infested camels (F(1,

28) = 90.28, P\ 0.0001, R2 = 0.76); as demonstrated in

Fig. 4.

Discussion

The current study revealed that C. titillator is a common

parasite of the camel population, which points out that the

myiasis is widespread in areas where camels are found in

Egypt. The overall frequency of infestation among 30

inspected camels’ heads was 80%. Previous records from

Egypt and other countries proved that the fly is a common

and well-known parasite of camel (Al-Ani and Amr 2016;

Al-Jindeel et al. 2018). Additionally, the occurrence of this

parasite in camels in different countries is usually high.

The reported prevalences of infestation in neighbor coun-

tries were 79% in Egypt (El-Rahman 2010), 89.02% in Iraq

(Al-Jindeel et al. 2018), 87.5% in Jordan (Al-Ani and Amr

2016). Different stages of the larvae could be observed

among the infested camels.

The current study noted that the rate and intensity of

infestation with C. titillator larvae in females are

insignificantly higher than males. Some studies estimated

that sex is a significant factor that influences the infestation

rate with C. titillator larvae (Bekele 2001; Atiyah et al.

2011). Furthermore, the current study noted higher rates of

Table 2 Evaluation of the diagnostic values of C. titillator larval antigen used in indirect-ELISA and Dot-ELISA compared to GS tests

Indirect-ELISA Dot-ELISA

Sensitivity 100% 100%

Specificity 50% 100%

Type 1 error (false positive) 50% 0

Type 2 error (false negative) 0 0

Apparent prevalence 90% 80%

PPV 88.89% 100%

NPV 100% 100%

Accuracy 90% 100%

Likelihood ratio positive 2.00 –

Likelihood ratio negative 0 0

ELISA enzyme-linked immunosorbent assay, PPV positive predictive value; NPV negative predictive value; true prevalence determined by GS

was 80% in camels, GS gold standard (examination of the skulls of the slaughtered camels)

Table 3 The agreement between indirect-ELISA, Dot-ELISA and GS test results of camel samples

Diagnostic test Kappa value (j) Agreement P value

Indirect-ELISA versus GS 0.62 Substantial \ 0.0001

Dot-ELISA versus GS 1.00 Perfect \ 0.0001

Indirect-ELISA versus Dot-ELISA 0.62 Substantial \ 0.0001

ELISA indirect enzyme-linked immunosorbent assay, GS gold standard (examination the skulls of the slaughtered camels)

Table 4 Correlation between indirect-ELISA titer, intensity of larvae infestation (no.) and age of infested camels

Pearson’s correlation (r) P value

Indirect-ELISA titer versus no. of larvae 0.87 \ 0.0001

Age of camel versus no. of larvae 0.40 0.029

ELISA enzyme-linked immunosorbent assay
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infestation and larval intensities of C. titillator larvae in the

age group 4–8 years than younger ages, which agreed with

several earlier studies as recorded by Bekele (2001) and

Oryan et al. (2008). This difference may be associated with

the continuous exposure of the old camels to the adult fly or

due to immunosuppression caused by increasing age

(Atiyah et al. 2011).

Infestation with C. titllator is very hard to detect in live

animals and could not be differentiated from other nervous

and or respiratory diseases, which cause similar clinical

signs. Besides, C. titllator larvae can’t be seen by excretory

or secretory body fluid, as blood or fecal samples.

Until now, there are no available commercial laboratory

kits for diagnosis of nasal bot fly larvae in live camels. In

the current study, the gold standard test (inspection of the

heads of slaughtered camels) was used in evaluating

serological techniques used for screening camels infested

with C. titillator. The main objective of most screening

tests is to decrease the morbidity rate in the tested animal

groups through early detection, so efficient treatment and

control measures could be applied. The ideal screening test

should differentiate correctly between those who have or

do not have the infestation and be cheap and not invasive.

Prevalence, sensitivity, and specificity are key determi-

nants of the efficacy of the screening test (Maxim et al.

2014).

Many ELISA techniques could be prepared to estimate

the humoral antibodies to C. titellator in camels’ sera. A

wide variety of antigens were previously developed that

yielded variable results according to the protein structure

from which the antigen was prepared, methodological

modifications, and variable immune responses (Hendawy

et al. 2013).

Cephalopina titellator infestation seems to stimulate

cellular and humoral immunity due to the extended period

of infestation and interaction with the host’s immune sys-

tem (Stevens et al. 2006; Oryan et al. 2008). Our study

demonstrated the association between the intensity of lar-

val infestation and the detected ELISA OD value. Yousef

et al. (2016) recorded that the immune response in camels

was stimulated by the intensity of infestation and the

lesions induced by L2 and L3 larvae of C. titillator. In our

study, we used the salivary gland (SG) antigen, which was

recommended by Hendawy et al. (2013), as the most

immunogenic element of C. titillator that could elicit IgG

response against C. titillator larvae.

Our results revealed that 27 (90%) samples defined as

positive for C. titillator by indirect-ELISA, while 24 (80%)

positive samples were defined by Dot-ELISA. The appar-

ent prevalence of infestation among camels differed

according to the adopted ELISA technique, where Dot-

ELISA demonstrated a perfect agreement in results with

the GS test.

Indirect-ELISA is a laboratory diagnostic technique that

requires a special apparatus to read the data. However, Dot-

ELISA is a potential field test, as it is a simple, quite easy

to apply test, and does not require a special apparatus for

reading the results, but demands a few hours to analyze the

camel sera (Attia et al. 2019a), so it is used for diagnosing

different helminths and protozoa as recorded by Gupta

et al. (2008) and Attia et al. (2019a). Results indicated that

they could be used as immunological screening tests in the

laboratory (indirect-ELISA) or the field (Dot-ELISA), as

the results of the two tests were nearly similar to the sur-

veying study recorded by Zayed (1998) and Jalali et al.

(2016).

Our study recorded high sensitivity and specificity,

especially in Dot-ELISA, but less specificity for indirect-

ELISA. However, Dot-ELISA needs a few hours to analyze

the camel sera. Accordingly, this study is the first to use

and evaluate Dot-ELISA for the diagnosis of C. titillator in

camels and presented acceptable results compared to

indirect-ELISA.

ELISA titer = (0.097× No. of larvae)+ 0.25
R² = 0.76
P <0.0001
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Conclusion

In this study, the sensitivity and specificity of two different

tests was evaluated. The Dot-ELISA could be applying in

the diagnosis of camel diseases and/or in the laboratory. the

Dot-ELISA is the rapid and the newest one in diagnosis of

C. titllator.
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