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Abstract

Background and Aim: Understanding the developmental conditions of Cephalopina titillator larvae and their effect on the
success of pupation and adult emergence can help prevent and control this disease in camels. Incubating C. fitillator larvae
in vitro requires optimized conditions that have not been adequately reported in the literature. This study aimed to optimize
conditions for harvesting adult flies from third-stage larvae (L3).

Materials and Methods: L3 collected from naturally infested camels was washed in sterile saline, weighed, and placed
in vials containing local sand. The vials were covered with gauze and incubated at 30°C-36°C with 60%—62% relative
humidity in an environmental chamber.

Results: A minimum critical weight of 754 mg per larva was found to be essential for the successful eclosion of the adults,
regardless of the sex of the emerged flies. The pupariation period lasted 1-8 days (d) and took 5-13 days. Most incubated
L3 formed puparia, but most failed to emerge as adults. The success rate of eclosion was 37.1%. The hatched adults survived
for up to 18 days, and the females survived longer (12 d; 6—18) than the males (8.1 d; 3—16).

Conclusions: The higher eclosion success tendency of certain sand types might be influenced by the sand’s physical and/
or chemical characteristics. The current in vitro conditions resemble those during the hot seasons and are suitable for

harvesting viable adults of C. titillator from L3.
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Introduction

The larvae of the Dipteran fly Cephalopina tit-
illator inhabit the nasal cavities and nasopharyngeal
regions of camels wherever they exist [1-3]. Gravid
females of C. titillator hover in front of the nostrils
of camels and deposit eggs in clusters [4] or larvae
on the nasal openings [S]. The larvae of C. fitilla-
tor undergo a prolonged period of growth inside the
nasal cavity and nasopharynx of camels for up to
9—11 months. During this time, the larvae feed on the
epithelial cells of the mucosa of the nasal cavity and
nasopharynx and molt inside the host from the first-
stage larva (L1) to the third-stage larva (L3), which
may reach an average length of 2.5 cm. Several larvae
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can be found in an infested camel, leading to inflam-
mation of the epithelial linings and serous discharges
stained with blood [4-7]. Infested camels also suffer
from distress, which affects their behavior and feed
intake [4]. Such infestations can be treated using var-
ious medications, including herbs and oils [8]. The
diagnosis of C. titillator is challenging in itself [9—-11];
nonetheless, camel owners, due to economic and/or
educational reasons, rarely implement these practices.

Efforts to control adult C. titillator flies on a
national or wide scale are challenging and seldom, if
any time, have been performed. Flies are character-
ized by having a short life span in nature, a maximum
of 3 weeks, due to their rudimentary and non-func-
tional mouthparts [4, 5]. Accordingly, to perpetu-
ate the life cycle in nature by producing new larvae,
females and males have limited time to locate each
other and mate in nature after their emergence from
the pupa. On the other hand, studying the biology
and life habits of adult flies in vitro requires captur-
ing a considerable number of these flies from nature,
which might seem impossible due to their short life
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expanse [12, 13]. Alternatively, studying the biology
of these flies can be achieved by incubating the lar-
val stages in vitro to harvest the adults. This requires
determining a favorable environment for larval growth
to maximize the success rate of adult flies eclosion
from the pupae, but unfortunately, the literature lacks
detailed descriptions of controlled experiments that
indicate favorable in vitro conditions for larval incu-
bation. The described in vitro methods in the literature
that are used for cultivating myiasis-producing flies
are generally those dedicated to maintaining dipteran
maggots of the Calliphoridae family, which usually
inhabit their hosts for few days [14—17], not those
of the Oestridae family, which inhabit the host for
months.

Several studies have indicated the occurrence
of C. titillator in camel year-round and larvae occa-
sionally pupate on hot sand to complete their life
cycle [18, 19]. Accordingly, it is expected that lar-
vae of C. titillator will tolerate raised temperatures
in the laboratory for pupation and adult development.
However, information on the developmental con-
ditions of C. fitillator larvae and their effects on the
success of pupation and adult emergence are lack-
ing in the literature. Therefore, this study aimed to:
(1) optimize the in vitro incubation conditions of the
third-stage larvae of C. titillator (L3) using different
substrates and ventilation directions on the incuba-
tion vials, (2) determine the critical initial weight of
larvae necessary for successful eclosion, (3) measure
eclosion success, determine the sex ratio of emerged
flies, and determine the life span (longevity) of the

flies in the laboratory, and (4) measure the reduction
in weight of adult flies from emergence to death in the
laboratory. The outcomes of this study should widen
our knowledge of the biology of the obligate myia-
sis-producing oestrid.

Materials and Methods

Ethical approval

The maggots used in this study were collected
from dead camels from a local abattoir; hence, no eth-
ical approval was needed in this situation.

Study period and location

This study was conducted from September 2020
to October 2021. The samples were collected from
the local slaughterhouse in the Al-Omran district of
Al-Ahsa City, Saudi Arabia.

Collection and processing of L3

Third-stage larvae were manually collected
from the nasopharynx of naturally infested adult
camels of local breeds from the local slaughter-
house in the Al-Omran district of Al-Ahsa City,
Saudi Arabia. The collected larvae were placed in an
empty-dry polystyrene transport box or plastic con-
tainers (Figure-la, top) and transported within 1-h
post-collection to the Entomology Lab of the College
of Veterinary Medicine, King Faisal University (Vet-
KFU). In the laboratory, L3 was washed with 50ml of
sterile saline (0.9% w/v Sodium Chloride, Intravenous
Infusion BP, Sterile Non-pyrogenic, B. No.: 136857,
Pharmaceutical Solutions Industry, Jeddah, Saudi
Arabia) and then poured into a vial containing lar-
vae. The vial was then immediately shaken for 2 s,

Figure-1: Methodology of incubating third-stage larvae of Cephalopina titillator (L3). (a) Freshly recovered L3 show blood
staining before (top) and after washing (bottom). (b) Experimental vials incubated in the environmental chamber. (c)
Measurement of larval dimensions. (d) Adult C. titillator emerging from the sand ground.
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and saline was poured off into a plastic container with
holes in its bottom to retrieve the washed L3. Once
all the water had dripped out, the larvae were placed
on clean and dry tissue for a few seconds. Only lar-
vae that showed active motility for at least 2 min were
included in the study (Figure-1a, bottom).
Effect of substrate type and ventilation direction on
vial eclosion success

Choosing sand as a substrate for incubating
L3 was based on the results of a previous study by
Bekele [20], who successfully reared adult L3 of
C. titillator in containers with local sand as a sub-
strate. Here, the sand substrates were collected from
two nearby desert locations (sand #1: KFU, N 25° 19’
26.5404 E49°36°31.6692; and sand #4: Jleijlah, N 25°
28’ 52.9572 E 49° 35’ 23.1972), two nearby beaches
on the sea (sand #2: Al-Oqair, N 25° 43” 19.5636 E
50° 117 57.408), and a brackish water lake (sand #3:
Al-Asfar lake, N 25° 31” 7.3308 E 49° 47’ 51.486).
The collected sand types were sterilized by heating at
280°C in a dry oven for at least 2 h. Fifty grams of one
of the four sources of local sand were placed in incuba-
tion vials (200 mL, polypropylene). To test the effect
of different directions of ventilation on larval growth,
holes were made on the sides of the vials or on the lid,
or the lids were replaced with gauze fixed with elastic
bands. The collected larvae were individually placed
in vials, with 10 replicates allocated for each incuba-
tion condition (four sand types and three ventilation
methods: 12 different treatments, with 10 individually
incubated larvae: 120 incubation vials). The type of
bedding was represented using 30 larvae that were
incubated in 10 vials (one, two, or three larvae in each
vial) with no bedding. The 130 vials were incubated
in an environmental chamber (HC30-2, Shell Lab, 28
Ft’, Cornelius, Oregon, USA) in complete darkness at
a relative humidity (RH) of 60%—62% and tempera-
tures ranging from 30°C to 36°C (Figure-1b). Another
25 vials containing sand type 3 (due to its abundance)
were placed at room temperature (RT; 22°C-35°C) as
negative controls (temperature ranged from 22°C to
35°C, RH ranged from 30% to 50%), 10 of the latter
25 vials contained a single L3, while the rest (15 vials)
contained one to five larvae in each vial (totaled: 51
L3 in 15 vials).

The critical weight needed for successful adult
eclosion

L3 (n=184) was collected from naturally infected
camels. The weights of the larvae were obtained to the
nearest 0.1 mg using a sensitive balance (KERN 870,
Kern and Sohn, Albstadt, Germany). L3 was placed
individually in vials containing sand types #1 or #3,
with the lid replaced by a gauze covering (based on
the results of the previous experiment of this study).

Incubation conditions

Each vial was inspected daily until the termina-
tion of the experiment at 30-day post-incubation (dpi).
Pupariation was defined as the time elapsed from the

onset of the transformation of the larvae into pupa,
observed by the darkness of the larvae until the full
darkening of the spines of the larvae (Figure-1c). The
pupation period was defined as the time elapsed from
the full darkness of the pupa until eclosion or the
emergence of the imago or adult flies from the pupa
(Figure-1d) [21]. The life span of flies was defined
as the number of days adult flies were found viable,
starting from the day of fly eclosion (emergence or
hatching of puparium) until their death (lack of fly
movement when stimulated by touching and carry-
ing with a forceps). The following dimensions of the
pupae were recorded: Length from anterior end to
posterior end, width from one side to the other, and
height from top to bottom (Figure-1c). Puparia that
did not produce adult flies at the end of the experiment
(30 dpi) were marked as non-viable and were cut open
to examine their contents. The pupa that experienced
eclosion was marked: viable. The RH and temperature
(maximum and minimum) of the cabinet were moni-
tored daily and recorded daily, starting with a 2-day
pre-incubation period, and continued until the termi-
nation of the experiment. Sex determination of the
emerged imagos was performed based on the shape
and distance between the margins of the compound
eyes (Figure-2) [13].
Results
Effect of the type of sand ground and ventilation
direction

In this experiment, 17 adults emerged (five
males and 12 females) out of 211 larvae were incu-
bated in the environmental chamber or at RT, four
of which were incubated at RT. Examination of the
non-viable pupae at the end of the experiment showed
either empty pupae (47.2%) or putrefied insect tissues
(47.1%). Six of the 17 hatched adults were incubated
in vials containing sand type 1 (KFU) and another six
flies in sand type 3 (the beach of the nearby Al-Asfar
Lake). The remaining flies (n = 3) emerged from
vials incubated with sand #2 (the beach of a sea) and
one incubated on sand type #4 (sand from a farm).
No adult flies emerged from larvae incubated in vials
without bedding. Eight of the 17 hatched flies (47%)

Figure-2: Heads of adult Cephalopina titillator flies.
The female head (left) is characterized by eyes that are
almost parallel to each other (indicated by the almost
equal distances between the compound eyes, just above
the antenna). The male head (right) has a broader space
between the ventral sides of the compound eyes, as
opposed to the dorsal side.
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were incubated in vials with gauze placed on top of the
vial and fixed with elastic bands instead of the original
plastic lid. Seven adults (41%) were incubated in vials
with side holes, and the remaining two adults (12%)
were incubated in vials with top holes.

Weight of L3 for successful eclosion

The weights of 184 L3 larvae were obtained and
ranged from 281 mg to 1.19 g. The minimum critical
weight of L3 larvae required for successful eclosion
was 754 mg (Table-1), and 89 larvae had at least the
latter weight. Successful eclosion was recorded in 33
ofthe 89 larvae with the lowest critical weight (37.1%).
No sex differences were observed in the minimum crit-
ical weight of mature L3 mice. The minimum critical
weight of L3 for successful eclosion of male imagos
was 947 mg (754 mg—1.19 g), whereas the minimum
critical weight of L3 for successful eclosion of female
imagos was 867 mg (762 mg—1.01 g). The male-to-
female ratio of hatched flies was 19:14 (57.6% males,
42.4% females). At hatching, the weight of the flies
ranged from 290 to 390 mg (averaged 352 mg) and
decreased to 1049 mg (averaged 19 mg) at the time
adult flies died. On average, the emerged adults lost
approximately 94.6% of their weight from the start of
pupariation until death.

Pupariation period and life span of adult flies

The pupariation of the emerged adults from
both experiments (n = 45) took 1-9 days (averaged
3.6 days), and the pupation period lasted 5-13 days
(averaged 10 days). There were no sex differences
in pupariation and the pupation period. The pupation
period of male flies averaged 3.2 days and ranged
from 1 (n =4) to 8 days (n = 3), whereas the pupation
period in males averaged 10.1 days and ranged from
6 days (n =3) to 12 days (n = 5). The pupation period
of female flies averaged 4.4 days and ranged from 1
(n=1) to 9 days (n = 1), whereas the pupation period
in females averaged 9.4 days and ranged from 5 days
(n=1)to 13 days (n=2).

The average life span of the emerged imagos at
30°C-36°C at 60%—62% RH was 10.1 days, ranging

from 4 days (n = 1) to 18 days (n = 1). There was
a tendency for female flies to survive longer or live
longer than males. The average life span of males
was 8.1 days, ranging from 3 days (n = 1) to 16 days
(n =2), whereas the average life span of females was
12 days, ranging from a minimum of 6 days (n = 1)
and living up to 18 days (n=1).

Several attempts were made to induce mating
between emerged females and males by placing them
together in the same vial in an environmental chamber
or at RT. Mating events were observed and recorded,
but egg/larva-laying events were not observed.

Pupal dimensions

Regarding pupal dimensions, the viable pupae
had an average length of 15.9 mm (ranging from 10
to 18 mm), an average width and height of 6.3 mm
(ranging from 5 to 8 mm). The viable pupae of female
flies were slightly longer but had lower height than
their male counterparts. The viable pupae of female
flies had an average length of 15.5 mm (ranging
from 14 to 17 mm), average width of 5.8 mm (rang-
ing from 5 to 7 mm), and average height of 5.3 mm
(ranging from 5 to 7 mm). The viable pupae of male
flies had an average length of 16.3 mm (ranging from
10 to 19 mm), an average width of 6.9 mm (ranging
from 5 to 8§ mm), and an average height of 7.2 mm
(ranging from 6 to 8 mm). The dimensions of via-
ble pupae overlapped in their ranges with those of
non-viable pupae but, on average, had lesser dimen-
sions. The non-viable pupae had an average length of
11 mm (ranging from 4 to 22 mm), an average width
of 4.6 mm (ranging from 1 to 7 mm), and an aver-
age height of 2.9 mm (ranging from 1 to 7 mm). On
examination of non-viable pupae, mummified flies
were only found in three pupae, whereas the rest of
the pupae had putrefied contents or were empty with
no contents.

RH and temperature

The study revealed that during the period of the
experiment, the incubating chamber had an average
low RH of 60.2% and high RH of 60.9% (ranging

Table-1: Biological data of in vitro incubated third-stage larvae (L3) of Cephalopina titillator that produce adult flies.

Parameter

Data

Minimum critical weight of L3 for successful eclosion (all)

Average and range of critical weight of L3 for successful eclosion (males)
Average and range of critical weight of L3 for successful eclosion (females)
Percentage of successful L3 eclosion with minimum critical weights

Flies weight on the day of emergence
Weight of flies at death
Pupariation period (all)
Pupariation period (males)
Pupariation period (females)
Pupation period (all)
Pupation period (males)
Pupation period (females)
Life span of imagos (all)

Life span of imagos (males)
Life span of imagos (females)

754 mg

947 mg (754 mg-1.19 g)

867 mg (762 mg-1.01 g)
37.1% (33 of 89 L3)

290-390 mg (averaged 352 mg)
10-49 mg (averaged 19 mg)
1-9 days (averaged 3.6 days)
1-8 days (averaged 3.2 days)
1-9 days (averaged 4.4 days)
5-13 days (averaged 10 days)
6-12 days (averaged 10.1 days)
5-13 days (averaged 9.4 days)
3-18 days (averaged 10 days)
3-16 days (averaged 8.1 days)
6-18 days (averaged 12 days)
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from 60 to 62%, SD: 0.45-0.64, respectively), and an
average temperature of 33.4°C (ranging from 29.8°C
to 36.2°C, SD 1.78).

Discussion

To the best of the authors’ knowledge, this is
the first study to report the minimum critical weight
(754 mg) required for mature L3 of C. titillator to
become an adult, with no sex differences in the L3
weight. In a similar study of another oestrid spe-
cies, Cepeda-Palacios et al. [22] obtained a critical
weight of 280 mg at which mature Oestrus ovis lar-
vae become adult flies but reported sex differences in
mature larval weight. The obvious difference in the
critical weights of L3 between the two species and the
presence of sex differences indicate the diversity of
the biology among Oestridae flies.

A previous study by Khater [23] on C. fitillator
reported different eclosion success rates when incu-
bating L3 under different conditions. An experimental
study reported high eclosion success for C. titillator
(86%-95%) when L3 was incubated at 26°C. Here,
a reported eclosion rate of 37.1% was obtained when
L3 stages were incubated at higher temperatures
(30°C—36°C), which might indicate the adaptation of
this species and its ability to survive hot conditions,
but with a lower rate of fly emergence. The eclosion
rates of the other oestrid flies; Hypoderma lineatum
and Hypoderma bovis, were found most successful
(86% and 72%, respectively) in alternating tempera-
tures (15°C-25°C and 14°C-26°C and 16°C-24°C,
respectively) than at constant temperatures (72% and
55%, respectively at 20°C) [24]. The selected tempera-
tures in the latter study reflected the temperate habitats
where larvae leave their hosts to pupate in relatively
cold weather and when flies are most frequently found
in nature [25, 26]. Epidemiological studies on the
occurrence of C. titillator in Al-Ahsa, Saudi Arabia,
revealed the presence of two peaks, one in February
and another in September [5]. The temperature in the
latter 2 months varied markedly, ranging from 8°C to
31°C in February and 20°C to 47°C in September [27].
Accordingly, the incubation temperatures employed in
this study (30°C-36°C) highly resemble the ambient
temperatures that the mature L3 of C. fitillator may
experience during the hot seasons. Nonetheless, testing
the effect of incubating mature L3 of C. #itillator at
lower temperatures is encouraged to assess the success
of eclosion during colder seasons of the year.

In the current study, most of the L3 incubated
with C. titillator successfully formed puparium, but
most of these pupae either did not complete pupal
development or failed to emerge as adults. Mummified
but fully grown adults were found inside three of the
non-viable pupae (less than 2%) and the reason for
their failed emergence was not known. Other studies
on larvae of O. ovis have reported high mortality rates
inwild populations, reaching up to 99% [21]. Mortality
rates may be affected by abiotic and/or biotic factors.

Further epidemiological studies are recommended to
determine the mortality rates of immature stages of
C. titillator and to determine their effects on popula-
tion dynamics as well as the dispersion of infestations
in camels.

Concerning the direction of ventilation of the
vials, eclosion success was higher in vials with gauze
replacing the lid and in vials with side holes. The
authors noticed that most of the larvae submerged
when they were placed in the vials and either pupated
deep in the sand substrate or ascended and pupated on
top of the sand. The results of this experiment suggest
the marginal importance of the ventilation direction
inside the vials, particularly if sufficient air exchange
occurs between the interior environment of the incu-
bating vials and the exterior. On the other hand, the
presence of sand ground in the vials was essential
for larvae to become adults, with a marked tendency
toward higher eclosion success in vials with two spe-
cific types of sand: sand from inside the campus of
KFU and from the beach of a nearby lake, in compar-
ison to the other two types of sand from a farm and
from the beach of the sea. In natural settings, sand is
the type of ground in which the larvae of C. titillator
are expected to pupate [20, 23]. The reported higher
tendency of eclosion success in certain sand types
might result from the physical and/or chemical char-
acteristics of the sand itself [28].

In the pilot studies of this experiment, data were
not shown; the authors experienced high mortality in
larvae directly incubated without prior washing. Other
similar studies on C. titillator excluded prior washing
of the larvae but succeeded in obtaining viable ima-
gos [20, 23]. The presence of blood stains on L3 might
have interfered with the development of C. fitillator in
the current pilot studies by creating a favorable condi-
tion for bacterial growth, which may reflect the reduced
survival of developing insects inside pupa [29].

The currently reported pupation period
(5-13 days, averaged 9.8) at 30°C-36°C and RH of
60%—-62% was found to be the shortest in relation
to those previously reported from Saudi Arabia and
other countries. According to a field and experimental
study in Saudi Arabia [30], the researchers reported a
pupation period of C. titillator of 15-20 days but did
not state the employed temperature or RH. A report
from Egypt [31] stated that at lower temperatures
(20.8°C-25°C) but higher RH (75-85%) than those
employed in the present study, the pupation period
of C. titillator was variable and extended from 16 to
36 days. In Ethiopia [20], the recorded pupation period
of C. titillator averaged 21 + 1.4 days, also without
stating the temperature and RH employed in their
study. This variation in the pupation period might be
explained by the currently employed high temperature
(30°C-36°C), which resembles the environmental
conditions in the hot seasons, whereas the previously
reported longer pupation periods might resemble the
conditions in the colder seasons.
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The longevity of the flies in this study and that
of the flies reported by Bekele [20] were comparable
(12.4 + 2.4 days), which might indicate the insignifi-
cance of the effect of the pupariation period on the life
span of the emerged C. titillator. According to Rogers
and Knapp [21], temperature, but not RH, highly reg-
ulates the eclosion rate of O. ovis. They also found
that incubating L3 of O. ovis at constant temperatures
did not result in adult emergence and that there was
a threshold of fatal temperature (32°C) above which
pupae died. Another study by Breev et al. [32] found
that incubating L3 of O. ovis at low temperatures
(20°C) reduced the mortality rate of pupae. These
results support previous observations that suggested
the adaptation of the life cycle of C. titillator to hot
desert conditions, the abundance of larvae in its hosts,
and higher infestation rates in colder seasons [5, 33].

Conclusion

This study identified the minimum critical
weight necessary for L3 to molt to the adult stage
successfully. Depending on the source of the soil sub-
strate, the success rate of adult eclosion from pupae
was different, which might be an ecological factor
contributing to the spread of C. titillator in nature.
Manipulating the current in vitro conditions may help
to model the emergence of C. titillator in different
ecological settings worldwide.
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