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Simple Summary: In the current study, we investigated the prevalence rate of Oestrus ovis (O. ovis)
larvae in heads of sheep and goats obtained from abattoirs in Riyadh, Saudi Arabia. It was found that
season did not have any significant effect on the characteristics of the larvae that affect sheep, except
for the length of larva, for which those collected in spring differed from those collected in winter
and autumn. In goats, the L3 instar number was significantly higher during summer. Oestrus ovis
larvae were detected in sheep and goats by molecular analysis and they were most closely related to
O. ovis larvae recovered from GenBank.

Abstract: Heads of sheep (n = 600) and goats (n = 800) slaughtered at Al-Aziziah Abattoir in Riyadh,
Saudi Arabia, were inspected for the presence of O. ovis larvae (L). Heads were split along the
longitudinal axes, and larvae (L1, L2, and L3) were gathered. The infestation rate was significantly
higher in goats (44.5%; 356/800) than that in sheep (22.3%; 134/600). Out of the 151 collected larvae
from sheep, 0% were L1, 1.3% were L2, and 98.7% were L3. Out of the total of 468 larvae from goats,
0% were L1, 1.2% were L2, and 98.8% were L3. The infestation rate was significantly higher in males
than that in females. Myiasis-causing larvae collected from Riyadh, Saudi Arabia, were authenticated
as O. ovis, according to morphological characteristics. Polymerase chain reaction (PCR) amplification
of a partial fragment (600 bp) of the mitochondrial cytochrome c oxidase subunit I (mtCOI) gene
further confirmed the species. Phylogenetic analysis based on the partial mtCOI gene sequence
demonstrated that 23 unique sequences showed high similarity based on nucleotide pairs of O. ovis
accessions retrieved from GenBank.

Keywords: myiasis; prevalence; Oestrus ovis; mtCOI; sheep; goats; Saudi Arabia

1. Introduction

The sheep gadfly O. ovis Linnaeus 1761 (Diptera, Oestridae) is one cause of myia-
sis in sheep and goats. Sneezing and nasal discharge are the most prominent clinical
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symptoms of infested animals [1]. Myiasis lowers the health of animals and causes major
economic losses to the livestock industry due to abortion, reduced milk production, loss of
weight gain, and fertility [2]. Oestrus ovis larvae persist in cranial cavities of sheep [3].
The incidence of O. ovis-related myiasis in the Jazan area was previously reported to be
as high as 53.54% [1]. Clinical appearance, morphological characterizations of the larvae
(e.g., slits of the posterior spiracles found on the posterior spiracle plates), and occasional
identification of the adult fly are among the many approaches leading to the diagnosis
of myiasis [4]. Molecular methods facilitate in the diagnosis and detection of a wide
variety of species, including flies that cause myiasis [5,6]. Molecular approaches can be
efficiently used to identify all larval stages [7]. Multiple genetic markers of ribosomal
DNA (16S rRNA, 28S rRNA) and mitochondrial DNA (cytochrome oxidase genes (COI,
COII, and 12S mtDNA)) have been used [8]. A widely used method for the molecular
identification of myiasis-causing larvae belonging to the Oestridae family is the sequencing
of the mitochondrial cytochrome c oxidase subunit I (mtCOI) gene, which contributes to an
essential database for molecular identification of organisms [9,10]. Phylogenetic relation-
ships can be assessed by polymerase chain reaction (PCR) and PCR restriction fragment
length polymorphism (PCR-RFLP) assays [7]. For some species belonging to Calliphoridae,
Sarcophagidae, and Oestridae, the mitochondrial gene subunit has been isolated, prov-
ing effective for molecular phylogenetic studies [4,11–16]. Oestrus spp. larvae identification
can be complicated, as there are considerable morphological similarities within the species.
The objectives of the present study were to investigate the seasonal prevalence of O. ovis
among slaughtered sheep and goats in Riyadh, Saudi Arabia, and to use the sequencing
of the mtCOI gene to identify the phylogenies of O. ovis larvae. One genetic marker, COI,
was used to identify larvae collected from domestic sheep and goats to accurately identify
Oestrus parasites [17].

2. Materials and Methods
2.1. Larvae Collection and Morphological Identification

This study was conducted between March 2019 and January 2020 in the city of Riyadh,
Saudi Arabia. Riyadh City is in the center of the Kingdom of Saudi Arabia. It extends
between latitude: 24◦38′ North and longitude:46◦43′ East. It has a very dry and arid climate;
summer temperatures rise very dramatically during the day but fall at night, ranging be-
tween 35 ◦C and 43 ◦C. In the winter, the temperature drops dramatically and may reach
0 ◦C. Riyadh City is located 600 m above sea level, with several valleys and rich sand dunes.
A total of 600 sheep and 800 goat heads from the Al-Aziziah Abattoir were analyzed for
O. ovis larvae. The sex and age (<1 year is young and >1 year old is adult) of slaughtered
animals were registered. At the investigation site, the nasal and frontal sinuses were longi-
tudinally divided into the dorsoventral planes using a sharp handsaw. Oestrus ovis present
in the mucous membrane of the nasal septa and nasal segments were collected with for-
ceps and preserved in 70% ethanol for molecular studies and morphometric identification.
Larvae were identified as the first, second, and third larval stages [18,19]. The percentage
of each larval instar was calculated according to the equation (Larval stage percent = num-
ber of each larval stage/Total number of larvae × 100). In each infested head, the larvae
were counted with the aid of identification keys [20]. The severity of the infestation was
calculated as the number of larvae/number of animals infested.

2.2. DNA Extraction and Polymerase Chain Reaction (PCR)

DNA from each individual larva (about 0.025 gm from anterior section of the larva)
was extracted using a DNeasy Blood & Tissue Kit (250) (Cat No./ID: 69506, Qiagen,
Hilden, Germany) following the manufacturers’ protocol. mtCOI gene was amplified
using the primer pairs described in Table 1 [21] and a thermal cycler (Veriti® 96-Well
Thermal Cycler, Model 9902, Biosystem). This procedure was performed in a mixture
(20 µL) consisting of master mix (5×, 4 µL), RNase-free water (12 µL), and DNA template
(2 µL). The PCR program consisted of a denaturation step of 94 ◦C for 2 min, followed by
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40 cycles of denaturation for 30 s at 94 ◦C. PCR products were analyzed by 1.5% agarose
gel electrophoresis.

Table 1. Set of primers used for the amplification of mitochondrial cytochrome c oxidase subunit I
(mtCOI) gene using extracted DNA of O. ovis larvae.

Gene Primers Sequences References

mtCOI
FFCOI 5′-GGAGCATTAATYGGRGAYG-3′

[21]
RHCO 5′-TAAACTTCAGGGTGACCAAAAATCA-3′

2.3. Nucleotide Sequences of the mtCOI Gene

A total of 40 sequences (Table S1), which were coded according to properties of their
host, were analyzed in this study. The sequences were processed using Geneious Prime
Build 2020-04-07 08:42 [22]. Prior to processing, all sequences were truncated using the error
probability method with a limit of 0.05 on both sides. Related sequences were retrieved from
GenBank after performing a BLAST [23] search. Multiple sequence alignments were then
generated using CLUSTAL Omega [24] implemented in Geneious software. A phylogenetic
tree was created using the neighbor-joining method [25] with the Tamura_Nei model and
using 10,000 replicates. All samples were deposited to GenBank, and accession numbers
have been provided.

2.4. Statistical Analysis

All data concerning the effect of different seasons were analyzed using one-way analy-
sis of variance (ANOVA), followed by Duncan’s test to compare means. Statistical analysis
was conducted using SPSS software program version 24, and all results were expressed as
means ± SEM. Differences were considered significant at p ≤ 0.05.

3. Results
3.1. Prevalence of Infestation over the Course of the Study in Sheep and Goats

This study, which was conducted on 600 sheep and 800 goats (Table 2), showed that
infestation rate with larvae was much higher in goats (44.5%; 356/800) than that in sheep
(22.3%; 134/600). This also applied to the total number of larvae, where the total number
of larvae in 356 head of goats was 486, while it was 151 in 134 head of sheep.

Table 2. Prevalence of Oestrus larvae in sheep and goats over the course of the study.

Species No. of Head
Examined Infestation Rate (%) Mean of

Infestation
No. of Larvae (%)

Total Larvae (%)
L1 L2 L3

Sheep 600 134 (22.3) 1.78 ± 0.02 a 0.0 (0.0) 2.0 (1.5) 149.0 (111.2) 151.0 (112.7)

Goat 800 356 (44.5) 1.56 ± 0.02 b 0.0 (0.0) 6.0 (1.7) 482.0 (135.4) 486 (136.5)

Mean values with different superscript in column differed significantly at p ≤ 0.05.

Results of statistical analysis concerning infestation rate showed that the ovine species
is significantly more susceptible to infection with larvae than caprine species: the infestation
mean in sheep was 1.78, and in goats was 1.56 at p ≤ 0.05, as a significant level.

The findings in Table 3 show that, in both species (goats and sheep), there was a
disparity in the percentage of infestation between males and females, where the rate
of infestation in males was higher than that in females (32.66% (98/300) and 65.50%
(262/400) in sheep and goats, respectively). Additionally, the incidence of infestation was
higher in female goats (32.50 percent; 94/400) than in female sheep (12.0 percent; 36/300).
The seasonal effect on the characteristics of larvae specifically infesting goats (Figure 1)
showed that there was a significant difference in the total number of larvae and L3 instar.
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The mean values of total larvae and L3 instar were significantly higher in the summer
(1.94 ± 0.12 and 1.91 ± 0.12, respectively) than in other seasons.

Table 3. Sex differences on the prevalence of Oestrus larvae in sheep and goats.

Species Sex No. of Examined Animals No. of Infested (%)

Sheep
Male 300 98 (32.66)

Female 300 36 (12)

Goat
Male 400 262 (65.5)

Female 400 94 (32.5)

Total 1400 490 (35.00)
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Figure 1. Effect of season on larval characteristics in infested goats. Mean values with different letters (a, b, c) are significantly
different at p ≤ 0.05 between seasons.

In addition, it was found that there was no significant difference between the means
of total number of larvae and L3 in the spring, winter, and autumn. Concerning the larvae
width and infestation, the trend was the same in the two characteristics. No significant
difference between the winter and autumn was observed, while the significant differ-
ences in width and infestation appeared between spring and summer. As for the larvae
length characteristic, it was found that only the winter and summer seasons varied signifi-
cantly, while there were no significant variations between the spring and autumn seasons.
The results of the impact of season on the studied characteristics differed only in goats.
It was found that seasons of the year did not have any significant effect on the characteris-
tics of the larvae that affect sheep, in general, except for the length of larva, in which those
collected in spring differed from those collected in winter and autumn (Figure 2).
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Figure 2. Effect of seasons on larval characteristics in infested sheep. Mean values with different letters (a and b) are
significantly different at p ≤ 0.05 between seasons.

3.2. Morphological Examination

The identification of mature O. ovis larvae was based on morphological character-
istic features of the larval stages. Second instar larvae (L2) were found only in young
male goats in spring and summer; the average length and width were 0.84 ± 0.08 cm
and 0.26 ± 0.05 cm, respectively, in spring, while the average length and width were
0.90 ± 0.10 cm and 0.30 ± 0.00 cm, respectively, in the summer. These L2 larvae are white
in color, and the dorsal side shows only a few weak denticles on the second segment
(Figure 3A). On the ventral side, the segments have rows of peculiarly shaped currycomb-
like spines (Figure 3B). Antennary lobes are less separated giving to pseudocephalon
triangular shape. The buccal funnel is well structured. The hooks of the first segment are
less robust and more curved (Figure 3C). Furthermore, the median part of the postanal
bulge is spinulose (Figure 3D). Ventrally the segments are provided with rows of peculiarly
shaped currycomb-like spines, the thoracic and abdominal segments on the ventral side,
show single-ended, caudally projected spines (Figure 3E). The posterior peritremes are more
or less circular (Figure 3F), with the channel indicated by a distinct suture (Figure 3G,H).

Third instar larvae (L3) are yellow in color when young (Figure 4A), changing to a
light brown later in the mature stage, and show broad transverse blackish bands on the
dorsal side (Figure 4B). The second segment on the dorsal side presents with a variable
number of small denticles; the following segments are bare but have a rough, leatherlike
skin pattern, which is distinct only on the darkened parts. On the ventral side, the segments
bear rows of strong spines (Figure 4C), which are irregularly placed on the third segment
but are fairly regular on the following ones. The number of rows varies from two to
five (Figure 4D). The postanal bulge shows fewer spines, while the preanal bulge is bare
(Figure 4E). The posterior peritremes are circular, with a central button and lacking a
distinct suture and the channel appears in the posterior peritremes (Figure 4F).
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distinct suture; (H) posterior spiracle (10×).
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Figure 4. Third instar larva (L3). (A) Yellow color; (B) dorsal view shows broad transverse black-
ish bands; (C) ventral view shows spines on segments; (D) magnified view of the spines on the
ventral segments; (E) postanal bulge shows fewer spines; (F) posterior spiracle is in a D-shape with
central button but no distinct suture.
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3.3. PCR Amplification and Nucleotide Sequence Analysis of the Partial mtCOI Gene

PCR amplification was performed using a set of primers (FFCOI and RHCO) to amplify
a 600-bp fragment of the mtCOI gene from O. ovis larvae. A total of 23/40 sequences were
analyzed in this study (sequences with HQ% (percent high quality) score less than 40
were discarded). The pairwise identity of sheep sequences was 97.9%, and that of goat
sequences was 99.2%. Overall, the 23 sequences shared 98.1% pairwise identity and had
35.6% GC content. The results of BLAST search showed that all the sequences had high
similarity to the O. ovis “sheep botfly” in GenBank. Figure 5 shows the phylogenetic tree
indicating respective evolutionary relationships. MT787554 (Chrysomya bezziana) is used as
an out-group.
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4. Discussion

Out of the examined 600 sheep and 800 goat heads, 22.3% and 44.5%, respectively, were
infested with O. ovis larvae. These percentages were high compared with previous studies
in Saudi Arabia [26], which recorded 5.9% in Riyadh Region and 0.299% from adult O. ovis
spp. in Jeddah [27], but similar to the 53.5% (257/480) reported in the Jazan Region [1].
Our results were also similar to those reported in Greece (43.2%) [28], Turkey (22.52%) [29],
and Libya (42.33%) [30]. Our results were higher than those reported by other researchers
around the world, such as by [31] in Egypt (8.67%), but less than those in Spain (71.1%) [32]
and Italy (91.0%) [33]. These differences may be a result of differences in geographical area,
animal breed, and climate. The infestation rate was higher in male sheep and goats than
females (16.35% and 32.75%, respectively, compared to 6% and 11.75%; p ≤ 0.05). This was
consistent with a report investigating sex differences in infestation in Libya [30].

In the central region of Saudi Arabia, the spring months are the best time of the year,
with low temperature and humidity [26]. The disappearance of fly activity in most of
the year is probably due to the hot, dry, and windy weather. The 27 ◦C was optimum
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temperature for adults emerge from pupa, while constant temperatures below 16 ◦C and
above 32 ◦C were fatal [34].

Our results did not demonstrate any significant seasonal prevalence of infestation
in sheep, suggesting that time of the year does not have any significant effect. This is in
disagreement with a previous study [35], which mentioned that the peaks of infestation in
Turkey were in the summer and spring, while the lowest infestation rates were in autumn.
Another study in Egypt [36] concluded that heavier infestations were recorded in autumn
(17.91%), while the lowest seasonal peak was in winter (7.85%). In Iraq, the highest
recorded range was in the autumn, which was 76.92%, and the lowest range was in winter
(30.76%) [37]. The reason for these differences may be changes in environmental conditions.

The present study recorded that 0% were L1, 1.5% were L2, and 111.2% were L3 of
the total of 151 larvae collected from sheep, and 0% were L1, 1.7% were L2, and 135.4%
were L3 of the of total 468 larvae collected from goats. The L1 result was lower than that
recorded in previous studies [30,35] that reported that L1 larvae prevailed at 90.5% of
the overall weight, and another study [37] that reported 13.14% L1 larvae. Our results
were in agreement with one study [38] that reported a higher level of larvae in stage L3
(63.4%) than that in L2 (26.6%) and L1 (10%). It is possible that L1 larvae might have passed
unseen due to their small size, that they were present in hidden places such as turbinates
and ethmoid bones, or that numerous L1 were demolished in the nasal holes during the
hypo-biotic period [39]. The morphological characters of L2 and L3 were in accordance
with those stated in the identification key [20].

PCR analysis was performed using set of primers (FFCOI and RHCO) and successfully
amplified 606bp fragment of mtCOI gene from O.ovis larvae. The sequence of amplified
fragment showed genome arrangement typical of O. ovis sequence in Genbank. PCR
amplification of mtCOI gene from eighteen species of Oestridae causing myiasis resulted
in 686 bp [12]. Rooted phylogenetic trees elucidated phylogenetic relationships between
O.ovis larvae amplicons and other members of Family: Oestridae published in Genbank.

The results of BLAST search showed that all the sequences had high similarity to the
O. ovis “sheep botfly” identified in Brazil (accession number, KR820703) [40], with pairwise
identity between 94.8% and 99.5% and coverage more than 86%. The sequences are also
similar to the O. ovis sheep botfly identified in Turkey (accession number, MT124626) [41],
with pairwise identity between 94.2% and 98.70% and coverage greater than 86.18%.

5. Conclusions

In this study, the results indicated that the infestation rate was significantly higher in
sheep than goat, male than female, and spring season than other seasons of the year.
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