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ABSTRACT

Objective: The identification and molecular characterization of the bot fly larvae from an infected human with naso-pharyngeal
myiasis in Turkey were aimed in this study.

Methods: A total of 8 bot fly larvae from a 49-year-old woman with naso-pharyngeal infection in Adana province constituted the
materials of this study. Morphological identification was performed on the larvae according to described keys. The barcode region
of the CO1 gene from the genomic DNA extracts of the larvae was amplified and sequence analyses were utilized. Haplotype and
genetic distance analyses were performed in CO1 sequences and a phylogenetic tree was built revealing phylogenetic relationships.
Results: All bot fly larvae were identified as second stage larvae of Oestrus ovis in terms of morphologic characteristics. There
was no polymorphism among the CO1 sequences of all isolates leading to detection of a single novel haplotype. The newly
characterized haplotype in this study clustered with the O. ovis haplotypes from Bosnia and Herzegovina, Croatia, Brazil, and Iran
in a monophyletic clade with an overall identity of 99.5%. Interspecific genetic differences among the subfamilies of Oestridae
were in the range of 19.8% to 30.8%.

Conclusion: This study has provided the first molecular characterization data on O. ovis larvae from an accidental human host
in Turkey based on CO1 barcode sequences.
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Amag: Bu calismada, naso-pharyngeal myiasis ile enfekte bir insandan elde edilmis bot sinegi larvalarinin identifikasyonu ve
molekiiler karakterizasyonu amaglanmistir.

Yontemler: Adana bélgesinde naso-pharyngeal myiasis enfeksiyonu olan 49 yagindaki bir kadindan elde edilen sekiz adet bot
sinegi larvas: ¢aligmanin materyalini olugturmusgtur. Larvalarin teshis anahtarlarina gére morfolojik teghisleri yapilmigtir. Larva
6rneklerinin genomik DNA ekstraktlarinda barkod CO1 geni amplifiye edilmistir. CO1 sekanslarinda haplotip ve genetik farklilik
analizleri yapilmus ve iligkileri gostermek i¢in filogenetik aga¢ olusturulmustur.

Bulgular: Morfolojik 6zelliklerine gore tiim bot sinegi larvalar1 O. ovis'in ikinci donem larvasi olarak teshis edilmistir. {zolatlarin
CO1 sekanslar arasinda polimorfizm belirlenmemis olup bu sonug O. ovis i¢in yeni bir haplotipin varligini ortaya ¢ikarmigtir.
Calismada yeni karakterize edilen haplotip Bosna-Hersek, Hirvatistan, Brezilya ve Iran'dan rapor edilmis O. ovis haplotipleriyle
ortalama %99,5 identiklik gostererek kiimelenme géstermistir. Oestridae alt aileleri arasindaki interspesifik genetik farkhiliklar
%19,8-%30,8 olarak belirlenmisgtir.

Sonug: Bu calisma Tiirkiye'de rastlantisal bir insan konakta belirlenen O. ovis larvalar tizerine CO1 barkod sekanslar: temelinde
ilk molekiiler karakterizasyon verilerini saglamigtir.

Anahtar Kelimeler: Oestrus ovis, insan naso-pharyngeal myiasis, DNA barkodlama, molekiiler karakterizasyon, Tiirkiye
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INTRODUCTION

The infestations caused by larvae of Diptera in animals and
humans are known as myiasis. The larvae belong to the species of
Calliphoridae, Sarcophagidae and Oestridae families are the most
common and important causative myiases agents (1). Oestridae is
adiverse family of Diptera comprising about 180 described species
worldwide and their larvae have a variety of feeding habits, mostly
saprophages, endoparasites, parasitoids, and predators (2). They
cause often severe economic losses by reducing production,
causing damages to hides and increasing treatment costs. Myiasis
caused by O. ovis has a global distribution, especially in rural and
underdevelopedregions of tropical and subtropical areas. Domestic
sheep and goats are thought to be the main host and also reservoir
to other hosts especially those in wildlife (3). The transmission
of O. ovis occurs when females deposit larvae onto the nostrils
of sheep and goats. Their movement and development in the
nasal-sinus cavities can cause pathologic and clinical symptoms
including rhinitis, frequent sneezing, nasal discharge, breathing
difficulties, and emaciation. The annoyance of the adult flies can
also lead to significantly reduced animal production by effecting
meat, wool and milk production (2). The gravid females are not
strictly host-specific and even only a few reports (4), ophthalmic
and naso-pharyngeal myiasis also occurred in humans especially
the ones close relationship to livestock in several countries.
Oestrosis caused by O. ovis also common in sheep and goats
in Turkey and several studies have reported a prevalence rate
of 36% to 59% in different regions (5-7). Sporadic cases of
human ophthalmic and naso-pharyngeal myiasis have been
also documented from some regions in Turkey (8-12). However,
there has been no study regarding molecular and phylogenetic
characterization of O. ovis lineages found in Turkey except a single
GenBank record of partial mt-CO1 sequence of an isolate from
Diyarbakir province (GenBank accession: KT761199).

Molecular phylogenetic studies on O. ovis populations are very
limited compared to the studies based on etiology, taxonomy,
biology, immunology, treatment and control approaches.
Mitochondrial DNA (mtDNA) is a useful tool for evaluating
genomic differences and homologies among taxonomically
related species of both vertebrates and invertebrates. Due to its
high number of copies, easier isolation, and high phylogenetic
signal and mutational rates, mtDNA has been widely used for
taxonomic, population and evolutionary investigations across
metazoan taxa (13-15). The 658 bp region of CO1 is widely
accepted as a universal and standard marker for all animal taxa
(14). During the last decade, DNA barcoding using CO1 sequences
has provided an efficient tool for molecular identification and
phylogenetic characterization of several kinds of insect species
including Oestridae family (16-19).

In this study, we aimed to characterize the O. ovis larvae from
an infested human with naso-pharyngeal myiasis by using
CO1 barcode sequences. Phylogenetic relationships among the
identified larvae and the corresponding species in the Oestridae
were also revealed in the study.

METHODS

Bot Fly Larvae from a Human with Naso-pharyngeal
Myiasis

A total of 8 bot fly larvae obtained from a 49-year-old woman
with naso-pharyngeal myiasis living in Adana province were sent

to parasitology laboratory in the sterile tubes with 70% ethanol
by a public veterinarian working in the same province. No need
to take ethical approval for the study according to directions
of the Erciyes University Local Ethics Committee for Animal
Experiments with the date 29.01.2016 and no 04 due to the
material comprised of insect species. The identification of fly
larvae was utilized under a stereo microscope (SZX16, Olympus,
Japan) with the identification keys described by Zumpt (1) and
the images were recorded.

Genomic DNA Extraction and PCR Amplification of
CO1 Gene

Genomic DNA (gDNA) was extracted from the tissue sections
of each individual larvae specimens using GeneJET gDNA
Purification Kit (Thermo Fisher Scientific, USA). The tissue
pieces from the larvae were homogenized with the TissueLyser LT
(Qiagen, UK) prior to gDNA extraction. The gDNA concentration
of larvae was measured by Qubit Fluorometric Quantitation
(Thermo Fisher Scientific, USA) to determine the optimum
amount of DNA in the PCR mastermix. gDNA isolates were
stored at -20 °C until PCR analyses.

The universal barcode region of CO1l gene (709 bp) of the
individual larvae was amplified using the common primers of
Folmer et al. (20). Amplifications were utilized in C1000 Touch™
Thermal Cycler (Bio-Rad, USA) using described conditions (20) by
adjusting the annealing temperature to 50 °C. The amplicons were
visualized in the Fusion FX Gel Documentation System (Vilber
Lourmat, France) by loading 5uL of PCR products on 1.5% w/v
agarose gel.

CO1 Sequence Analysis and
Relationships of Bot Fly

Phylogenetic

PCR products were gel purified using a commercial kit (Thermo
Fisher Scientific, USA) and purified amplicons were sequenced
in both directions with the amplification primers in the Sanger
Sequencing Platform (Macrogen, Netherlands). The primer
sequences in all reads were trimmed prior to analyses. The final
forward and reverse sequences were assembled in Geneious Prime
2019.2.1 (https://www.geneious.com) and a single consensus
sequence was obtained with the De Novo Assemble tool in the
related software.

The final sequences were searched in the NCBI database by using
the BLASTn algorithm. A CO1 data set was constituted with
totally 22 sequences belong to genetically related sequences from
different countries in the GenBank for phylogenetic analyses.
Multiple alignments of the sequences in CO1l dataset were
utilized using MUSCLE plugin in Geneious Prime (21). DNA
polymorphism and haplotype analyses were performed with
DnaSp v.5.1 (22). Intraspecific and interspecific differences were
calculated in MEGA 7 (23) using the Kimura two-parameter
model (24).

For inferring phylogenetic relationships in the CO1 dataset
Maximum Likelihood (ML) estimation was utilized. GTR+G+I
was determined as the suitable DNA substitution model for ML
analyses using the software jModeltest v.0.1.1 (25). The plugin of
PhyML in Geneious Prime was used for the construction of ML
tree (26). The reliability of branching of the ML tree was analyzed
using a bootstrap resampling of 1000 replications.
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RESULTS

Human Case of Naso-pharyngeal Myiasis

A 49-year-old woman living in Adana province was diagnosed with
naso-pharyngeal myiasis in the hospital. In our conversation, she
complained of about two months of nasal pruritus and sensation
of congestion with sanguinolent discharge from her nostrils. She
also reported having frequent sneezing, coughing, tear in gland
nausea in the related period. After getting non-specific medical
approaches such as using cortisone or decongestants two bot fly
larvae were dropped. Following the detection of these parasites,
she got antiparasitic treatment and further six larvae were
dropped from the nostrils.

Morphologic Identification of the Bot Fly Larvae

All the eight larvae were sent to our parasitology laboratory
and identified as second stage larvae of O. ovis according to the
morphological features under stereo microscope (Figure 1). The
size of larvae specimens was 4-5 mm and they demonstrated
anterior hooks, dark posterior spiracles with a flat side medially,
and respiratory holes arranged radially.

Sequence Characterization and Phylogenetic

Relationships

The barcode region of CO1 mtDNA was successfully amplified for
all the eight isolates in PCR analyses (Figure 2). The consensus
sequences covering the 658 bp barcode CO1 region from all reads
were successfully obtained with high-quality chromatogram
scores. The sequences were validated by translation analyses with
the absence of insertions, deletions, or stop codons indicating
functional mitochondrial products. The BLASTn analysis of the
obtained sequences confirmed the morphological identifications
as the specimens belonged to O. ovis. No polymorphic sites were

Figure 1. Second stage larvae of O. ovis causing human naso-
pharyngeal myiasis

found among the CO1 sequences of all eight isolates resulting
in the detection of a single haplotype (ERU-Oovl). The CO1
sequence of ERU-Oovl was deposited to the GenBank with
accession MT124626. The base composition of the barcode
sequence of the obtained haplotype was highly AT biased with a
mean GC content of 34.2%.

A total of 303 polymorphic sites, of which 244 were parsimony
informative, were determined within the entire CO1 data
set including the sequences of the species belonging to
Gasterophilinae, Cuterebrinae, Oestrinae, Cephenemyiinae and
Hypodermatinae subfamilies of Oestridae. Totally four different
haplotypes were determined among the CO1 sequences of the
O. ovis and the ERU-Oov1 represented a new haplotype of the
corresponding species. Mean haplotype and nucleotide diversities
for O. ovis were 0.900 and 0.026, respectively. Intraspecific
nucleotide differences for O. ovis were determined within range of
0.00% to 0.61% and the mean genetic difference was 0.37+0.15%.
Interspecific differences among the subfamilies of Oestridae
in the CO1 data set were presented in Table 1. The species
of Hypodermatinae and Cuterebrinae; Cephenemyiinae and
Oestrinae were closer to each other as sister taxon. The species of
Gasterophilinae were clustered into two distinct clades and found
more distant from other subfamilies of Oestridae and the clade
including Cobboldia species constituted outer taxa (Figure 3).

The ML tree is presented in Figure 3 with bootstrap support
values. All the sequences classified within species-based clades in
subfamily taxa with the support of bootstrap values over 69.0%.
The novel ERU-Oov1 haplotype clustered in a monophyletic clade
with the published haplotypes of O. ovis indicated in Figure 3 with
a high bootstrap value (100.0%). The ERU-Oovl was exhibited
highest identity of 99.5% to the O. ovis isolates reported from
Bosnia and Herzegovina (MG755264), Croatia (MN845130) and
Brazil (KR820703) and also showed an identity rate of 99.4% to
the isolate reported from Iran (KX268655).

DISCUSSION

A naso-pharyngeal myiasis case in a woman living in Adana
province was determined and the recovered bot fly larvae
identified as the second stage larvae of O. ovis based on the
morphological characters. The size and the shape of larvae and the
shape of posterior spiracles were consistent with those reported
by Zumpt (1). The clinical signs of the infection in the woman
patient also consistent with the several naso-pharyngeal myiasis

Figure 2. PCR amplicons of the barcode CO1 region of O. ovis
isolates. M: Marker (100 bp), 1-8: gDNA from O. ovis larvae
specimens
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Figure 3. Phylogenetic analysis of O. ovis and other species of
Oestridae subfamilies. The characterized haplotype was shown
in bold red character. Bootstrap values (1000 replicates) was
shown at the nodes. The scale bar represents a 0.05% divergence

Table 1. Interspecific genetic distances (below the diagonal)
+ standard deviations (above the diagonal) for Oestridae
subfamilies

Oestrinae - 0.021 | 0.022 | 0.022 |0.022
Cephenemyiinae | 0.203 |- 0.022 | 0.020 | 0.024
Cuterebrinae 0.221 | 0.226 |- 0.019 | 0.021

Hypodermatinae | 0.234 | 0.212 | 0.198 |- 0.022

U s W N

Gasterophilinae | 0.284 |0.308 | 0.277 | 0.296 | -

cases reported from several countries including Turkey (27-32).
Accidental myiasis caused by O. ovis larvae has been also reported
from conjunctival sac (ophthalmomyiasis) (33), the throat (34),
the nose (35), and the ears of humans (36).

Molecular data are still rather limited for bot flies, and the data
currently available for Oestridae include mainly partial sequences
of mitochondrial genes especially CO1. However, most of the
sequences available in GenBank are from different fragments
of CO1 rather than 658 bp barcode region commonly used as a
diagnostic marker (13-15). Therefore, it is not possible to compare
allCO1sequencesofbotfliesincluding O. ovisin ourstudy. However,
it was obvious that the barcode region successfully discriminates
the species in all subfamilies of Oestridae with relatively high rate
of barcoding gaps. Our result is also consistent with the findings
of Otranto et al. (37), who reported significant interspecific
divergences among the 18 species of Oestridae that cause myiasis
by using a different fragment of CO1 as a phylogenetic marker.
With only available four O. ovis barcode sequences in GenBank,

our newly characterized haplotype clustered together with those
reported from Bosnia and Herzegovina (MG755264), Croatia
(MN845130), Brazil (KR820703) and Iran (KX268655) in a
monophyletic clade and intra-specific genetic distance among the
haplotypes were equal or less than 0.6%. This result may indicate
a possible low polymorphism in this species with scarce gene
flow among the populations from different geographical regions.
Low intra-specific distances based on different fragments of CO1
from other bot fly species such as Przhevalskiana silenus (18,37),
Hypoderma bovis, H. lineatum, H. diana, H. tarandi, Gasterophilus
intestinalis, G. haemorrhoidalis, G. nasalis and Cuterebra baeri
(37) in different countries were also emphasized and all these
results might provide an evidence on the absence or lower cryptic
diversity in the species of Oestridae. However, for a better
understanding of the evolution of O. ovis, more comprehensive
set of samples from different regions of Turkey and also the world
is needed to be analyzed by using both mitochondrial and nuclear
markers preferably mitogenomes.

CONCLUSION

This study provides the first molecular characterization data
on O. ovis larvae causing naso-pharyngeal myiasis in a human
in Turkey based on barcode CO1 sequences. Although limited
sequences were included in the data set, our findings revealed
an evidence on the close association within O. ovis from different
countries. The barcode CO1 sequence analyses were successfully
differentiate the species of the subfamilies in Oestriade and this
result indicates the usefulness of the CO1 as a suitable diagnostic
molecular marker for identification and characterization of bot
fly species.
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