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1 | INTRODUCTION

Hypodermosis is a subcutaneous myiasis caused by the genus Hypo-
derma (Diptera, Oestridae) whose species have an annual life cycle,
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Abstract

Hypoderma spp. larvae were observed subcutaneously in the dorsal and lumbar
regions of red deer (Cervus elaphus) hunted in the province of Ledn (northwestern
Spain) causing a myiasis. They were removed and initially classified by their size,
shape, color, and location under the skin into the three larval stages that parasitize
these animals. The morphological characteristics of the first and second-instar are
described and from the features of the third-instar the species was identified as
Hypoderma actaeon. To accurately identify this species, five isolates of genomic DNA
from the third-instar, two from the second-instar and two from first-instar of
H. actaeon were analyzed by PCR analysis of the COI region of mt-DNA. The results
confirmed that the examined samples exactly matched with H. actaeon. This study
has shown the morphological identification of the three larval stages of H. actaeon
and, for the first time, the first and second-instar larvae have been molecularly char-
acterized. Finally, identification of only H. actaeon suggests that this species is the

only affecting red deer in the Iberian Peninsula.
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Research Highlights

o Description, for the first time, of first and second-instar Hypoderma actaeon through light
microscope and stereomicroscope.

o Morphological Identification of third-instar H. actaeon by SEM observations.

e Molecular characterization of H. actaeon.

affect domestic and wild animals of the Bovidae and Cervidae families
and are distributed in the Holarctic ecozone (Zumpt, 1965).

The most common and most studied species are Hypoderma bovis
and Hypoderma lineatum, which mainly affect cattle (Bos taurus).
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Hypoderma actaeon is a typical parasite of red deer (Cervus elaphus)
and is considered strictly host-specific (Brauer, 1863). It is the species
found in C. elaphus hispanicus in the Iberian Peninsula and its presence
has been reported in several regions of Spain (De la Fuente-Lépez
et al, 2001; Dominguez et al, 2010; Gil-Collado et al., 1984,
Herndndez et al, 1980; Martinez-Gémez et al, 1990; Martinez-
Moreno et al., 1997; Panadero et al., 2010; Pérez et al., 1995; San
Miguel et al., 2001) and Portugal (Ahmed et al., 2017). Despite its
specificity this parasite has been occasionally reported in cattle, fallow
deer and roe der (Ahmed et al., 2017; Panadero et al., 2010, 2017).
During a study in a hunting reserve from northern Spain with
coexisting wild and domestic ungulates we had the opportunity of
examining a large number of red deer with different larval stages of
Hypoderma. The purpose of the present research was to identify larval
stages of H. actaeon based on their morphology and molecular

analysis.

2 | MATERIALS AND METHODS

2.1 | Study area and sampling procedures

The present study was undertaken in the Riafio Regional Hunting
Reserve (43°03'14” N, 4°57'33,85” W), Province of Ledn, north-
western Spain and located in the Cantabrian Mountains. A total of
110 red deer were studied, most of them were shot by the technical
staff of the reserve in selective hunting. The inner surface of the skin
was carefully examined to check the existence of alterations such as
bleeding, congestion, abscesses, cysts or nodules. Subcutaneous lar-

vae of Hypoderma spp., in all three stages (Figure 1a), were found in
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the dorsal and lumbar regions of the animals and their anatomical
position was noted. They were removed and initially classified by their
size, shape, color, and location under a thin layer of fibrous connective
tissue or inside subcutaneous nodules with their breathing hole to the
outside. Later they were counted, measured and preserved at —20°C
and in 70% ethanol until the further study.

2.2 | Morphological identification of Hypoderma
spp.: microscopy study

The morphological identification of Hypoderma was carried out mainly
on third-instar larvae because they are the most studied and in which
the most descriptive and distinguishable characteristics are indicated
according to Colwell et al. (1998) and Otranto, Colwell, et al. (2003). For
this, we use the scanning electron microscope observations. The third-
instars were separated into three portions using the posterior three seg-
ments and the anterior four segments for their study. Samples were fixed
with 2.5% glutaraldehyde, post-fixed with 2% osmium tetroxide, rinsed
with PBS and dehydrated in aqueous ethanol at increasing concentra-
tions for 30 min each step (30%, 50%, 70%, 90%, 3 x 96%, and
3 x 100%). Afterwards, the samples were dried using the critical point
method using carbon dioxide as a transitional fluid for the total elimina-
tion of the dehydrating liquid. Immediately afterwards, the samples were
mounted on cylindrical metal supports, coated with a conductive silver
glue and then metalized with gold. The samples thus prepared can be
observed under the SEM (JSM-6480 LV, JEOL, Tokyo, Japan) obtaining
digital images at different magnifications.

At the same time, the two previous larval stages were placed

between two trichinoscopy plates to flatten them and then they were

FIGURE 1 Larval stages of
Hypoderma actaeon. (a) Initial
classification. (b) First-instar Hypoderma
actaeon. Dorsal view. Note the presence
of small groups of spines only in the
anterior margin of the first five thoracic
segments. (c) Ventral view. Note the
arrangement of the spines, much more
numerous, on the anterior and posterior
margins of the first five thoracic
segments. In the sixth segment, only a
small group of spines are seen on both
margins and the rest of the segments lack
them. (d) View of the respiratory openings
in the posterior abdominal segment. Each
spiracular plate has 16-18 spiracular
openings. Note that this segment is all
covered with small denticules
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mounted on a slide in temporary preparations with 0.05% lactophenol
cotton blue stain that allows the lightening and coloration of certain
structures or in semi-permanent preparations with glycerinated gela-
tin that allows the mounting of unstained specimens neither dehy-
drate or in permanent preparations with a resin or synthetic resins
after dehydration in successive baths of alcohols of increasing grada-
tion. Thus, we were able to observe the peritreme features and the
spination on larval segments, according to Zumpt (1965) and Sugar
(1976), using stereomicroscope (Nikon SMZ 1500, Tokyo, Japan) and
light microscope (Nikon YS-CF 100, Tokyo, Japan).

2.3 | Molecular analysis
The differentiation of H. actaeon was done on the mitochondrial gene
enconding for the subunit 1 of cytochrome c oxidase (COI) and its

subsequent amplification by PCR (Otranto, Colwell, et al., 2003).

2.3.1 | DNA extraction

The internal tissues of five third-instar, two second-instar and two
first-instar H. actaeon were digested according to Green and Sam-
brook (2012). DNA samples obtained were quantified using a Nano-
drop spectrophotometer (Thermofisher) and 50 ng of each sample

were used for PCR amplification.

232 |
products

PCR amplification and purification of PCR

COl gene was amplified using the pair of primers UEA7 (5'-
ACAGTTGGAATAGACGTTGATAC-3') and UEA10 (5-TCCAATG-
CACTAATCTGCCATATTA-3'), previously described by Otranto, Col-
well, et al. (2003). The expected size of the PCR products was
688 base pairs. PCR products were subsequently analyzed using the
GenelJET Gel Extraction Kit (Thermofisher), following the manufac-

turer's indications.

233 |
sequences

Sequencing analysis and comparison of the

Purified PCR products were sequenced using Thermosequenase cycle
sequencing kit in the sequencing DNA core facility of the University
of Ledn. Reference sequences obtained from Genbank corresponding
to H. bovis (KT600293), H. actaeon (AF497765), and H. lineatum
(KP965726) were compared and aligned with the nucleotide
sequences obtained from our amplified samples belonging to the
third-instar using Clustal W (McWilliam et al., 2013). The sequences
obtained from second and first-instar were compared only with that
of H. actaeon (AF497765).
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3 | RESULTS

3.1 | Morphological identification
3.1.1 | Light microscopy and stereomicroscopy
First-instar

They were found encapsulated in connective tissue under the skin
of the dorsal and lumbar regions of the animals without observing
any subcutaneous nodule or breathing hole to the outside. They
are small, cylindrical slightly longer than wider and narrower ends,
whitish  or grayish, 5-10mm long and 2-4mm wide
(x=74+12x25+0.7 mm; n=20).

They present bands of spines on their dorsal and ventral sides.
These are small with broad bases and pointed tips.

The dorsal surface is less spiny than the ventral, with small groups
of spines mainly on the anterior margin, extending to the third or
fourth segment and the rest of the segments being bare (Figure 1b).
They present a cephalic and caudal orientation indistinctly. Ventrally,
the cephalic segment presents a group of spines at the level of the
mouth opening. The mouth hooks are not externally visible and the
cephaloskeleton is apparently weak. The thoracic segments have a
double row of spines. Those of the anterior margin extend along its
entire width and are caudally orientated while that of the posterior
margin extends only to a little more than half and are cephalic
directed. This pattern repeats until the fifth segment. In the sixth seg-
ment, in the center or laterally, sometimes only a group of spines ori-
ented cephalically is observed, after which the segments are naked
(Figure 1c). The last abdominal segment is covered with small denti-
cles. In it, the spiracular plates often appear as two tubes with a circu-
lar opening. In a more advanced stage of its development it is
observed that each spiracular plate is quadrangular or irregular in
shape and is composed of 16-18 spiracular openings surrounded by a
raised cuticular rima but we have not appreciated any spine on it
(Figure 1d). It has not been possible to obtain images of these larvae
with the SEM.

Second-instar

This larval stage was found inside the warble observing the breathing
hole. It is elongated and thin, rounded at the anterior end and the pos-
terior sharper, 10-17 mm long and 3-5mm wide
(x =15.3+1.4 x 3.6 £ 0.6 mm; n = 20) and yellowish to light brown
in color. It has bands of spines on the dorsal and ventral side of the
larva. These have the same shape as those of the first-instar with the
same orientation but in greater number giving place to wider bands.

In the cephalic segment the mouth hooks are strong. Only one
row of spines and not complete, it is observed dorsally in the anterior
margin of the first three segments. Occasionally small groups of
spines, with cephalic orientation, are located on the posterior margin
of the second and third segment. In the fourth and fifth only small
groups of spines are observed and the rest of the segments devoid of

them (Figure 2a).
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Ventrally, the cephalic segment presents a group of spines below
the mouth. In the thoracic segments, there are a greater number of
spines arranged in two wider bands on the anterior and posterior mar-
gins of each segment. Those from of the first to the fifth thoracic seg-
ments are incomplete and in the sixth there is only a small group in
each margin. The rest of the segments are not providing of spines
(Figure 2b).

In the last abdominal segment, the spiracular plates have between
16 and 20 openings, observing the ecdysal scar on one side and the
anus above (Figure 2c). In its last stage of development and already
molting to three-instar, the electron microscope showed the rounded
spiracular plates, rising and with a spine in each cuticular rima to later
develops the characteristic raised C shape with many more spiracular
openings and the ecdysal scar on one side (Figure 2d). As in first-
instar, this last abdominal segment is covered of small denticles. It was

also not possible to obtain good images of these larvae at SEM.

3.1.2 | Scanning electron microscopy
Third-instar
They were also found inside the warble with the peritreme in the
breathing hole open in the skin. They are large and cylindrical, reach-
ing 15-25 mm in length and 6-14 mm in width (x = 20+ 3 x 11
+ 2.3 mm; n = 20) and ranged in color from yellowish to completely
black. The cuticle has a granular appearance.

The cephalic segment is characterized by the absence of a band

of spines between the oral opening and the opercular scar and the

FIGURE 2 Second-instar of
Hypoderma actaeon. (a) Dorsal view. Note
an incomplete row of spines in the first
three thoracic segments and only small
groups in the fourth and fifth segment.
The rest of segments are devoid of spines.
(b) Ventral view. Note the presence of
two bands of spines and its orientation in
the anterior and posterior margins of the
first five thoracic segments. (c) View of
posterior spiracles. Spiracular plates with
18 openings, a single ecdysal scar on one
side of one of the plates, and the anus
located medially. (d) The spiracular plates
are rising and initiating the characteristic
C-shape. Observe the presence of small
denticules in this last segment

presence of a small band of spines ventral to the mouth with board
bases, sharped tips and caudally directed (Figure 3a). The mouth
hooks are strong, well developed and oriented at an angle to the
anterior-posterior plane of the body with the smooth outer surface
(Figure 3b,c).

The thoracic segments, on their ventral side, have a double row
of spines. In the first, in apical view, four small groups of spines are
arranged on both sides of the segment. Dorsal and ventrally there is a
large group of spines that appear to be formed by the union of two
small groups similar to the lateral ones (Figure 3a). All groups of spines
are associated with cuticular sensilla located below each one of them
or laterally (Figure 3b). The spines, although larger in size, have the
same shape as those located below the mouth and are also caudally
directed. In the lower part of the segment there is a row of spines
with narrow bases, sharp tips and cephalic orientation. This pattern is
repeated in the following thoracic segments. In the eighth segment,
only a row of spines is observed in the anterior margin and the ninth
and tenth segments lack spines both dorsally and ventrally.

In the last abdominal segment, the spiracular plates are shaped
like a “C” and its inverse, with the ecdysal scar in the center,
completely surrounded by the plate and deeply sunken in it. Around
it, foliaceous elements are observed. The spiracular plates have
numerous openings each surrounded by a raised cuticular rima and
ornamented with a spine. As in the previous larval stages this segment
is covered with small denticles. The anus is located between the spi-
racular plates (Figure 3d).

One larva was found encapsulated in fibrous connective tissue,

covered only by a thin layer, without forming a subcutaneous nodule
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FIGURE 3 Third-instar Hypoderma
actaeon. (a) Apical view of the cephalic
and first two thoracic segments. In the
cephalic segment observe the absence of
a band of spines between the mouth

(m) and the opercular scar (os). In the | and
Il thoracic segments note the arrangement
of the spines. (b) Apical view of the
cephalic segment showing the beginnings
of the evagination of mouth hooks.
Arrows show cuticular sensilla located
below each spine cluster on the first and
second thoracic segment. (c) Note the
well-developed mouth hooks and
antennal lobes in the cephalic segment.
(d) Note the paired posterior spiracular
plates with the ecdysal scar in the center
and completely surrounded by the
spiracular plate. On its surface, a small
spine is associated with the rima of each
spiracular opening (es: ecdysal scar; a:
anus). (e) Ventral view of third-instar
Hypoderma actaeon. This larva was found
encapsulated in fibrous connective tissue.
It did not form any warble and no
breathing hole was observed to the
outside. For this reason and also because
of its small size it was classified as L1 until
it was studied later. Note in ventral view,
the arrangement of the spines in the
segments, their absence in the ninth and
tenth segments, and the characteristic
fully developed spiracular plates

or breathing hole to the outside and classified as first-instar larvae,
also due to its small size, color and weak aspect. After its study it was
shown it was a fully developed third-instar larvae as can be seen in
the Figure 3e.

3.2 | Molecular analysis

Five genomic DNA isolates from third-instar Hypoderma (V5, V7, V47,
V54, and V107) were examined by PCR analysis of the COI region of
mt-DNA. PCR amplification produced a nucleotide sequence of
666 base pairs. Blast analysis of the mitochondrial COI sequences was
performed, taking from GenBank the sequence of H. actaeon
AF497765 as reference and comparing it with those obtained by us. It
was confirmed that the five-isolates samples exactly matched
H. actaeon.

The sequences were deposited in Genbank with the following
accession numbers: H. actaeon V5 (MZ696571), H. actaeon V7
(MZ700686), H. actaeon V47 (MZ700687), H. actaeon V54
(MZ700688), and H. actaeon V107 (MZ700689).

Then, the sequences were compared with reference sequences
from H. bovis (KT600293), H. actaeon (AF497765), and H. lineatum

MICROSCOPY 5
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(KP965726). Results from the alignments confirmed that the five
samples matched with that of H. actaeon with a degree of interspe-
cific difference of 0.291%. The degree of interspecific difference
between the five samples and the reference sequences from
H. bovis and H. lineatum was 12.35% and 12.06%, respectively
(Figure 4).

We also collected samples from first- and second-instar larvae
and blast analysis of mitochondrial COI sequences evidenced that the
isolates corresponded with H. actaeon (Figure 5) with a degree of
interspecific difference of 0.3%. The sequences are also available in
Genbank with the following accession numbers: H. actaeon V82-L1
(ON540296), H. actaeon V90-L1 (ON540297), H. actaeon V31-L2
(ON540298), and H. actaeon V34-L2 (ON540295).

4 | DISCUSSION

The description of H. actaeon larvae is scarce and is mainly based on
the morphology of the third-instar larvae. In this study, its identifica-
tion was based on the characteristics mentioned by Colwell et al.
(1998) and Otranto, Colwell, et al. (2003). In addition to these charac-
teristics, we must point out the presence of small denticles in the last
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Hypoderma-bovis (KT660293) TACAGTTGGAATAGACGTTGATACACGAGCTTATTTCACTTCAGCAACAATAATTATTGC 60 FIGURE 4 Alignments of the COI sequences from five
Hypoderma-actaeon(AF497765) -ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGC 59
Hypoderma-1ineatum(KP965726) -ACAGTTGGAATAGACGTTGATACACGAGCTTATTTTACATCAGCAACAATAATTATTGC 59 iald i i
Hypoderma-actaeonV5(HZ696571) -ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGC 59 field isolates compared with the reference sequences from
Hypoderma-actaeonV7 (MZ700686) -ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGC 59 ;
Hypoderma-actaeonVa7(MZ700687) -ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGC 59 Hypoderma actaeon (AF497765), Hypoderma bovis
Hypoderma-actaeonV54(MZ700688) -ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGC 59 ; ;
Hypoderma-actaeonV107 (M2700689) -ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGC 59 (KT600293), and Hypoderma lineatum (KP965726). Identical
ranez:an - .
bases indicated perfect alignment and are shown by an
Hypoderma-bovis (KT600293) TGTACCAACTGGAATTAAAATTTTCAGATGATTAGCAACTTTACATGGAACACAAATCAA 120 sl (% - . e
Hypoderma-actaeon (AF497765) TGTACCAACTGGAATCAAMATTTTCAGATGAC TAGCAACCTTACATGGTACACAAATCAA 119 asterisk (*). A site belonging to group exhibiting strong
Hypoderma-1ineatum(KP965726) TGTACCAACTGGAATTAAMATTTTTAGATGACTAGCAACTCTACATGGAACGCAAATTAA 119 AT AT .
Hypoderma-actaeonV5(MZ696571) TGTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAA 119 similarity or weak similarity are represented by (:) or (),
Hypoderma-actaeonV7 (MZ700686) TGTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAA 119 wvel
Hypoderma- actaeonV47 (MZ700687) TGTACCAACTGGAATCAAAATTTTCAGATGAC TAGCAACCTTACATGGTACACAAATCAA 119 respectively
Hypoderma-actaeonV54(MZ70688) TGTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAA 119
Hypoderma-actaeonV107 (M2700689) TGTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAA 119
SktaEEaxsARSEEE TRSAESEE AKSEES TeabEeE  FESEESASS Sakes +a
Hypoderma-bovis (KT668293) CTACTCTCCTGCAACTTTATGATCTTTAGGGTTTGTTTTTTTATTTACAGTTGGAGGATT 180
Hypoderma-actaeon(AF497765) TTATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACT 179
Hypoderma-1ineatum(KP965726) TTACTCTCCTGCAACTTTATGATCATTAGGATTTGTTTTTTTATTTACAGTAGGAGGATT 179
Hypoderma-actaeonV5(MZ696571) TTATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACT 179
Hypoderma-actaeonV7 (MZ700686) TTATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACT 179
Hypoderma-actaeonVA7 (MZ700687) TTATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACT 179
Hypoderma-actaeonV54(MZ700688) TTATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACT 179
Hypoderma-actaeonV107 (M2700689) TTATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACT 179
Mg bgesdoacirgiidosies b imaia b diodiodid et buigds
Hypoderma-bovis (KT600293) AACTGGAGTAATTTTAGCTAATTCATCTATTGATATTATTTTACATGATACATATTATGT 20
Hypoderma-actaeon (AF497765) AACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGT 239
Hypoderma-1ineatun(KP965726) AACTGGAGTAATTTTAGCTAATTCATCTATTGATATTATTTTACATGATACATATTATGT 239
Hypoderma-actaeonV5(MZ696571) AACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGT 239
Hypoderma-actaeonV7(MZ700686) AACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGT 239
Hypoderma-actaeonV47 (MZ700687) AACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGT 239
Hypoderma-actaeonV54(MZ700688) AACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGT 239
Hypoderma-actaeonV107 (M2700689) AACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGT 239
e et sasituigssiniigithd
Hypoderma-bovis (KT600293) AGTAGCTCACTTCCATTATGTTTTATCTATAGGAGCTGTATTTGCCATTATAGCTGGATT 300
Hypoderma-actaeon (AF497765) AGTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATT 299
Hypoderma-1lineatum(KP965726) AGTAGCTCATTTTCACTATGTTTTATCTATAGGAGCTGTATTCGCTATCATAGCAGGATT 299
Hypoderma- actaeonV5(MZ696571) AGTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATT 299
Hypoderma-actaeonV7 (MZ700686) AGTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATT 299
Hypoderma-actaeonV47 (MZ700687) AGTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATT 299
Hypoderma-actaeonV54(MZ700688) AGTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATT 299
Hypoderma- actaeonV107 (M2700689) AGTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATT 209
ol Swwass iF WK AdeRE srens
Hypoderma-bovis (KT600293) CATTCATTGATTTCCATTATTTACAGGATTAACATTAAATATTAAACTATTAAMAAGCCA 360
Hypoderma-actaeon(AF497765) TGTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAAAAGCCA 359
Hypoderma-1ineatum(KP965726) TATTCATTGATTTCCTCTATTTACAGGATTAACTTTAAATATAAATTATTAAMAATCA 359
Hypoderma-actaeonV5(MZ696571) TGTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAMAGCCA 359
Hypoderma-actaeonV7 (MZ700686) TGTACATTGATTCCCGTTATTTACAGGTCTAGCATTAACATTAAACTATTAAMAAGCCA 359
Hypoderma-actaeonVa7 (MZ700687) TGTACATTGATTCCCGTTATTTACAGGTCTAGCATTAMCATTAAACTATTAAMAGCCA 359
Hypoderma-actaeonV54(MZ700688) TGTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAMAGCCA 359
Hypoderma-actaeonV187 (M270689) TGTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAMAAGCCA 359
Wi kudeNRes Ma SRERNSARST K€ §ieaxs A¥iyws Veavseins, Ur
Hypoderma-bovis (KT600293) ATTTGTCATTATATTTTTAGGAGTAAATTTAACCTTTTTCCCTCAACACTTTTTAGGETT 220
Hypoderma-actaeon(AF497765) ATTTATCATCATATTTTTAGGAGTTAATTTAACATTTTTCCCTCAACATTTCTTAGGATT 419
Hypoderma-1lineatum(KP965726) ATTTATTATTATATTTTTAGGAGTAAACTTAACATTTTTCCCTCAACATTTTTTAGGACT 419
Hypoderma-actaeonV5(MZ696571) ATTTATCATCATATTTTTAGGAGTTAATTTAACTTTTTTCCCACAACATTTCTTAGGATT 219
Hypoderma-actaeonV7 (MZ700686) ATTTATCATCATATTTTTAGGAGTTAATTTAACTTTTTTCCCACAACATTTCTTAGGATT 219
Hypoderma-actaeonVd7 (MZ70687) ATTTATCATCATATTTTTAGGAGTTAATTTAACTTTTTTCCCACAACATTTCTTAGGATT 419
Hypoderma-actaeonV54(MZ700688) ATTTATCATCATATTTTTAGGAGTTAATTTAACTTTTTTCCCACAACATTTCTTAGGATT 419
Hypoderma-actaeonV107 (M2700689) ATTTATCATCATATTTTTAGGAGTTAATTTAACTTTTTTCCCACAACATTTCTTAGGATT 219
gl s s ChwsE % aawes.
Hypoderma-bovis (KT600293) AGCTGACATACCTCGACGTTATTCTGATTATCCAGATGCTTATACCACATGAAATGTAAT 480
Hypoderma-actaeon (AF497765) AGCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAAT 479
Hypoderma-1ineatum(KP965726) AGCAGGAATACCACGACGATATTCTGACTACCCAGATGCTTACACCACATGAAATGTAAT 479
Hypoderma-actaeonV5(MZ696571) AGCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAAT 479
Hypoderma-actaeonV7 (MZ700686) AGCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAAT 479
Hypoderma-actaeonV47(MZ700687) AGCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAAT 479
Hypoderma-actaeonV54(1Z700638) AGCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAAT 479
Hypoderma-actaeonV17 (M2700689) AGCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAAT 479
KSAyE, RREER,SEEEKRAAESAES KR ANARR BAESE BF AETRIXSKESRERR
Hypoderma-bovis (KT600293) TTCAACTATTGGATCATCAATTTCTCTTTTAAGTATTTTATTATTTCTATTTATTATTTG 540
Hypoderma-actaeon (AF497765) TTCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTG 539
Hypoderma-1ineatun(KP965726) TTCAACAATAGGTTCATCAATTTCTATATTAAGAATCTTATTTTTTATATTTATTATTTG 539
Hypoderma-actaeonV5(MZ696571) TTCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTG 539
Hypoderma-actaeonV7(MZ700686) TTCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTG 539
Hypoderma-actaeonV47 (MZ700687) TTCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTG 539
Hypoderma-actaeonV54(MZ700688) TTCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTG 539
Hypoderma-actaeonV17 (M2700689) TTCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTG 539
fbenivindiipbunbunind gt ol g g gl e Sond
Hypoderma-bovis (KT600293) AGAAAGATTACTATCACAACGACAAGTATTATTTCCTATCCAATTAAATTCATCAATTGA 600
Hypoderma-actaeon (AF497765) AGAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGA 599
Hypoderma-11ineatum(KP965726) AGAAGGATTAATATCACAACGACAAGTATTATTCCCTATTCAATTAAATTCATCAATTGA 599
Hypoderma- actaeonV5(MZ696571) AGAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGA 599
Hypoderma-actaeonV7(MZ700686) AGAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGA 599
Hypoderma-actaeonVA7 (MZ700687) AGAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGA 599
Hypoderma-actaeonV54(MZ700688) AGAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGA 599
Hypoderma-actaeonV107(M2709689) AGAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGA 599
AEex 4% Sk % SEESKSSLESARSIESEE 3% 3 A¥e 4%, ShjeRKEREER
Hypoderma-bovis (KT660293) ATGATTACAAAATACACCACCCTCTGAACACTCTTATTCTGAACTCCCACTATTAACTAA 660
Hypoderma-actaeon (AF497765) ATGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAA 659
Hypoderma-1lineatum(KP965726) ATGACTACAAAATACACCACCATCTGAACATTCTTATTCTGAACTCCCATTATTAACTAA 659
Hypoderma- actaeonV5(MZ696571) ATGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAA 659
Hypoderma-actaeonV7 (MZ700686) ATGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAA 659
Hypoderma-actaeonVA7 (MZ700687) ATGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAA 659
Hypoderma-actaeonV54(MZ700688) ATGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAA 659
Hypoderma-actaeonV107 (M2700689) ATGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAA 659
rax wwrean wwngrians, - jpttee:
Hypoderma-bovis (KT600293) TTTCTAATATGGCAGATTAGTGCATTGGA 689
Hypoderma-actaeon (AF497765) TTTCTAATATGGCAGATTAGTGCATTGGA 688
Hypoderma-1ineatum(KP965726) TTTCTAATATGGCAGATTAGTGCATTGGA 688

Hypoderma-actaeonV5(MZ696571) 666
Hypoderma-actaeonV7(MZ700686) 666
Hypoderma-actaeonV47 (MZ700687) 666
Hypoderma-actaeonV54(MZ700688) 666
Hypoderma-actaeonV107(MZ700689) 666

abdominal segment and in the three larval stages, a feature that no Studies based on the external morphology of second-instar are

author has mentioned in this species and that Brauer (1863) only limited and, in many cases, confusing and erroneous. Thus, Zumpt

mentioned in the second-instar Hypoderma larvae. (1965) pointed out that its morphology was similar to that of H. diana,
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FIGURE 5 Alignments of the COI sequences from first- and
second-instar larvae field isolates compared with the reference
sequences from Hypoderma actaeon (AF497765). Identical bases
indicated perfect alignment and are shown by an asterisk (*)
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ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGCT
ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGCT
ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGCT
ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGCT
ACAGTTGGAATAGACGTTGATACACGAGCCTATTTTACCTCAGCAACAATAATTATTGLT

GTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAAT
GTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAAT
GTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAAT
GTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAAT
GTACCAACTGGAATCAAAATTTTCAGATGACTAGCAACCTTACATGGTACACAAATCAAT

TATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACTA
TATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACTA
TATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACTA
TATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACTA
TATTCACCTGCAACCCTATGATCTTTAGGGTTTGTATTCTTATTTACAGTAGGTGGACTA

ACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGTA
ACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGTA
ACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGTA
ACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGTA
ACCGGAGTAATTTTAGCTAACTCATCTATTGATATCATTCTACATGACACATACTATGTA

GTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATTT
GTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATTT
GTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATTT
GTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATTT
GTAGCTCATTTTCACTATGTTTTATCTATAGGAGCAGTATTTGCTATTATAGCCGGATTT

GTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAAAAGCCAA
GTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAAAAGCCAA
GTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAAAAGCCAA
GTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAAAAGCCAA
GTACATTGATTCCCGTTATTTACAGGTCTAGCATTAAACATTAAACTATTAAAAAGCCAA

TTTATCATCATATTTTTAGGAGT TAATTTAACATTTTTCCCTCAACATTTCTTAGGATTA
TTTATCATCATATTTTTAGGAGT TAATTTAACTTTTTTCCCACAACATTTCTTAGGATTA
TTTATCATCATATTTTTAGGAGTTAATTTAACTTTTTTCCCACAACATTTCTTAGGATTA
TTTATCATCATATTTTTAGGAGTTAATTTAACTTTTTTCCCACAACATTTCTTAGGATTA
TTTATCATCATATTTTTAGGAGT TAATTTAACTTTTTTCCCACAACATTTCTTAGGATTA

GCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAATT
GCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAATT
GCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAATT
GCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAATT
GCTGGTATACCACGACGTTATTCTGACTACCCAGACGCTTATACAACATGAAATGTAATT

TCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTGA
TCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTGA
TCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTGA
TCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTGA
TCAACAATTGGGTCATCAATTTCTCTACTGAGAATCCTATTTTTTATATATATTATCTGA

GAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGAA
GAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGAA
GAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGAA
GAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGAA
GAAGGACTAACAATACAACGACAAGTATTATTCCCCACTCAACTAAGCTCTTCAATTGAA

TGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAAT
TGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAAT
TGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAAT
TGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAAT
TGATTACAAACTACTCCACCATCTGAACACTCCTATTCTGAGCTCCCTCTATTAACTAAT

TTCTAATATGGCAGATTAGTGCATTGGA 688
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with the same spination pattern on the dorsal and ventral side of the
larva, which differs considerably from what was observed in this
study.

In the reviewed bibliography we have not found any description
of the morphology of H. actaeon first-instar, only some notes about its
size, shape and color but referring in general to the genus Hypoderma
(Colwell, 2001, 2006; Teskey, 1981).

We must point out that only San Miguel et al. (2001) shows some
images of the three larval stages of this species in deer but does not
describe them and Panadero et al. (2017) cites their finding in roe
deer, giving only their localization under the skin and its size.

Thus, the lack of previous studies with accurate descriptions of
the first- and second-instar larvae from this species precludes the
comparison with our results.

By its part morphological identification of third-stage Hypoderma
larvae can sometimes be difficult due to inadequate preservation of
the larvae with remains of connective tissues, detritus or bacteria on
its surface and their dark color, which is sometimes complicated to
observe the spination pattern of the segments and the characteristics
of the spiracular plates. Moreover, the possibility of the recovered lar-
vae belonging to different Hypoderma sp. cannot be ruled out since
red deer coexist with other wild and domestic ungulates. Thus, a more
reliable method to identify Hypoderma larvae such as the molecular
characterization is required.

The mitochondrial gene COI has been revealed to be an impor-
tant molecular marker that allows the identification of the different
species of flies that parasitize domestic and wild animals causing myia-
sis including those belonging to the families Oestridae (Ahmed
et al., 2017; Otranto, Colwell, et al., 2003; Otranto, Traversa,
et al., 2003), Calliphoridae (Wells & Sperling, 2001) and Sarcophagidae
(Wells et al., 2001).

Results from the alignments confirmed that all the isolated sam-
ples matched with H. actaeon with a degree of interspecific difference
of 0.291%-0.3%. The degree of interspecific difference observed
between H. actaeon and the sequences from H. bovis and H. lineatum
was 12.35% and 12.06%, respectively, similar to that observed by
Otranto, Colwell, et al. (2003) and Weigl et al. (2010) and confirming
the specific identification of all larvae in our study.

The life cycle of H. actaeon is not completely known. We have
observed the first-instar larvae covered by a layer of connective tissue
without the formation of any subcutaneous nodule or breathing hole
and close to the location of second- and third-instar larvae. The find-
ing of a third-instar larva of small size, covered only by connective tis-
sue and fully developed suggests that the life cycle takes place
entirely under the skin without intra-organic migrations. Comparable
results were obtained by San Miguel et al. (2001) and Panadero et al.
(2017), by postmortem examination. However, no other anatomical
localizations were examined, and this possibility requires further
studies.

In conclusion, this study shows the morphological identification
of the three parasitic larval stages of H. actaeon (describing the char-
acteristics of the first and second-instar larvae and differentiating

them from the third-instar). Moreover, the use of COIl allowed the

molecular characterization, for the first time, of the first and second-

instar larvae of H. actaeon.
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