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Abstract Cephenemyia stimulator larvae cause a specific
myiasis in roe deer, which is widely distributed in Europe.
In Spain, this parasite was detected by the first time in 2005,
coinciding with a high mortality of this ruminant especially in
northwest of the country. The aim of this study was to analyse
the results obtained by necropsy and ELISA to elucidate when
the first infestation by C. stimulator in roe deer from north-
western Spain occurred, as well as to determine the influence
of some intrinsic factors on the prevalence and intensity of
infestation. During 1994–2000, none seropositive roe deer
was observed by ELISA. However, from 2007 to 2014,
38% of animals were seropositive. The results of the necropsy
pointed that prevalence and intensity of infestation had
increased over the years. There was a positive and significant
correlation between the number of animals harbouring
C. stimulator larvae and seroprevalence values. This signifi-
cant correlation was also observed between the seropreva-
lence and mean intensity of infestation. Adult roe deer showed
higher prevalence and intensity of infestation than younger
reaching statistical significance. It is also detected that the
prevalence of infestation was significantly higher in males
than in females although the mean number of larvae found
in females were higher than in males. The combined use of
direct and indirect techniques demonstrated a high prevalence
of C. stimulator infestation in roe deer in the northwest of
Spain, which certainly highlights the importance of this my-
iasis during the last years.
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Introduction

The progressive abandonment of agricultural activity,
especially in mountain areas, has provided the promotion of
complementary activities to traditional agricultural and live-
stock system, such as hunting of wild ruminants. Therefore, it
is important to improve knowledge about the infections and
parasites affecting these animals (Panadero et al. 2007, 2010;
Alasaad et al. 2009; Pérez-Creo et al. 2013; Arias et al. 2014a;
Cassini et al. 2015; Díaz et al. 2015). Flies of the genus
Cephenemyia (Diptera: Oestridae) are obligate parasite of
several species belonged to the Cervinae subfamily. Females
fly close to the host head while depositing larvae into nostrils.
After that, larvae start their development to second and third
instars in upper respiratory tracts (Papp and Szappanos 1992).
They then pupate in the soil, and after 2 to 3 weeks, the new
imagines emerge. Four species of Cephenemyia have been
described in Palearctic region including Cephenemyia
stimulator described as specific for roe deer (Dudziňski
1970; Barth et al. 1976; Szappanos and Papp 1991; Papp
and Szappanos 1992; Lamka et al. 1997; Minář 2000; Maes
and Boulard 2001; Vaca 2000; Király and Egri 2003, 2004,
2007). According to Arias et al. (2014b), the mean intensity of
infestation was 24.27 (ranging from 1 to 75) larvae/infested
host in northwest Spain. Fully developed larvae are about
30 mm long.

Cephenemyiosis is widely distributed throughout
Europe (Király and Egri 2007); nevertheless, in Spain,
no case was detected until the mid-2000s (Pajares
2009). This myiasis was observed by Notario and
Castresana (2001) in the Iberian Peninsula in one roe deer
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imported from France. Roe deer (Capreolus capreolus,
Linnaeus, 1758) is the main wild ungulate in northwest
(NW) forests of Spain (Vázquez et al. 2011; Pato et al.
2013), despite these ruminant populations had suffered an
important change in last years. The traditional grazing
system of transhumance caused a severe depletion of
roe deer stocks but subsequently, the recovery of wood-
land areas and regulation of hunting (Fandos and Burón
2013) allowed a great expansion of this small wild
ruminant. However, since 2005 when the first record of
C. stimulator was noted in NW Spain (Pajares 2009), the
number of roe deer has been reduced again. This accords
with other European authors who tested that 30 to 80
C. stimulator larvae may cause a high morbidity and
mortality, since roe deer have poor body condition, weak-
ness, lethargy and lack of vitality (Vaca 2000; Sol et al.
2001; Nilssen et al. 2008; Calero-Bernal and Habela
2013; Farina and Giovannini 2013; Hoekman 2013;
Ahaduzzaman et al. 2015). Parasitization by C. stimulator in
roe deer is of great clinical importance because the presence of
larvae in the upper airways causes sinusitis, sneezing, nasal
discharge, coughing, dyspnoea and swallowing problems
(Calero-Bernal and Habela 2013). The massive presence of
the larvae in roe deer could cause harmful consequences on
their health and general condition and state of immunosup-
pression similar to that observed in other hosts due to parasit-
ism by Oestridae (Alcaide et al. 2003). Furthermore,
Cephenemyia causes high levels of stress and unrest which
affect to food intake when females deposited first instars
(L1) (Hughes et al. 2009). In Europe, by necropsy, some
authors have reported C. stimulator in roe deer from Poland
(Dudziňski 1970; Cepelák and Macicka 1979), Slovakia
(Čurlík et al. 2004), Hungary (Sugár 1975, 1978; Király and
Egri 2007), and the Czech Republic (Lamka et al. 1997; Vaca
2000; Salaba et al. 2013). Nevertheless, seroprevalence
studies are scarce, only carried out in France by Maes
(2000) and Maes and Boulard (2001) and in Spain by
our research group (Arias et al. 2014b). A positive corre-
lation between immunoglobulin G (IgG) values and total
number of larvae was found by enzyme-linked immuno-
sorbent assay (ELISA) using second instars larvae (L2) of
C. stimulator excretory/secretory antigens (Arias et al.
2014b). As it usually happens with other parasites, the
infestation prevalence of cephenemyiosis have been influ-
enced by intrinsic factors like age, gender, body condition
and immunological status (Jahn et al. 2002; Király and
Egri 2007; Vázquez et al. 2011; Pato et al. 2013).

The main aim of this study was to elucidate when
C. stimulator infestation appeared in roe deer in the
northwest of Spain. For that purpose, we analyse the
results obtained by necropsy and ELISA along the years.
In addition, we determine the influence of some intrinsic
factors on the prevalence and intensity of infection.

Materials and methods

Animals and study area

Northwest Spain is an important livestock-rearing area, where
domestic animals share pastures with other wild ruminants,
being roe deer the most abundant (Vázquez et al. 2011; Pato
et al. 2013). This area has an oceanic climate characterised by
mild temperatures and high precipitation. Summers are gener-
ally warm and humid, with considerable sunshine and some
rain. Winters are cold, especially in the mountains, in which
snow may be present from October until May. The study area
is basically comprised of scrubland, fields and woodland. The
characteristics of the forest are changing because of human
activity. Many Eucalyptus globules and Pinus pinaster plan-
tations have been established (Arias et al. 2014b).

Serological procedures

Blood samples of 1094 roe deer from northwestern Spain
(Galicia, Asturias and León) were collected between 1994
and 2014. Samples were taken directly from the heart of each
animal with a syringe during evisceration. After clotting, they
were centrifuged and sera were collected and stored at –20 °C.
The number of sera analysed each year, as well as the age and
gender of the animals are shown in Table 1. Thus, Fig. 1
shows the location of hunting reserves of the animals analysed
in the present study.

Antibodies [immunoglobulin G (IgG)] were detected by
ELISA following the protocol described by Arias et al.
(2014b). This probe has high sensitivity; negative predictive
value and negative likelihood ratio were obtained using
C. stimulator excretory/secretory antigens (CsES) by incubat-
ing second instars larvae (L2) of this parasite (Arias et al.
2014b). L2 were previously selected according to size
(Zumpt 1965; Colwell and Scholl 2006a, b) and washed in
phosphate-buffered saline (PBS, pH 7.4).

Larvae collection and identification

Ninety-eight roe deer from northwestern Spain (León, Asturias
and Galicia) were examined for nasopharyngeal myiasis
between 2012 and 2014. The number of animals analysed each
year, as well as their age and gender are shown in Table 2.
Necropsies were performed just after death, the skin of the
ventral side of the necks and heads of ruminants was removed
and the oesophagi and trachea were opened. The soft palate was
opened to allow the observation of the oral cavity, pharynx and
larynx in order to find larvae of C. stimulator (Arias et al.
2014b). The collected bot fly larvae were identified to species
level following the keys reported by Zumpt (1965) and Colwell
and Scholl (2006a, b). The three different larvae instars, first
(L1), second (L2) and third instars (L3), were identified
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according to morphological and morphometric characteristics
(Calero-Bernal and Habela 2013). L2 exhibit an unarmed tenth
segment, and between four and six rows of spines on the
remaining segments. L3 present a characteristic rear reniform
peritreme. Regarding the size of the larvae, L1 (1–3 mm in
length), L2 (3–13 mm long) and L3 (13–30 mm). In addition,
the results at necropsy were compared to the seroprevalence
reported in 240 sera obtained between 2012 and 2014 (Table 1).

Statistical analysis

Statistical analyseswere performed using IBMSPSS Statistics
for Windows Version 19.0 (IBM Corp., Armonk, NY,
U.S.A.). The differences in prevalence values between
hunting season, age and gender, were analysed using the
chi-squared test and expressed as percentages with 95 %
confidence intervals (CIs) (Thursfield 2005). Differences were
considered as significant if they achieved a P value of <0.05.
The ANOVA (F) test was used to study the mean intensity and
differences of infestation by L1, L2 and L3 instars of
C. stimulator larvae.

The possible relationship between the numbers of larvae
found in different studies was established by the Spearman
correlation test (ρ). The same test was performed to determine
the relationship between the percentage of infested roe deer by
necropsy and seroprevalence, as well as mean intensity and
seroprevalence.

Results

Detection of the first positive cases by ELISA

Four hundred and fourteen roe deer from León province
correspond to 1994 and 2000 were studied and none animal
was seropositive to C. stimulator. However, 38 % (CI 35–42)
of ruminants hunted in León, Asturias and Galicia between
2007 and 2014 had C. stimulator antibodies. Seroprevalence
varied significantly from year to year and oscillated between
36% (28–43) in 2007 and 60% (51–69) in 2014. A progressive

Table 1 Distribution of serum samples according to area of origin, year of sample collection, age and gender of roe deer from northwestern Spain

Hunting area Years Roe deer sera, (n) Age Gender

Young (<2 yr) Adult (≥2 yr) Females Males

León 1994 42 27 15 12 30

1995 72 32 40 21 51

1996 54 22 32 41 13

1997 95 37 58 54 41

1998 59 12 47 11 48

1999 71 40 31 23 48

2000 21 4 17 7 14

León, Asturias and Galicia 2007 160 23 137 13 147

2008 172 19 153 20 152

2009 78 21 57 4 74

2010 9 5 4 9 0

2011 17 6 11 7 10

2012 37 26 11 11 26

2013 88 39 49 16 72

2014 115 13 102 13 102

Fig. 1 Location of different national hunting preserves of roe deer
from northwestern Spain (Galicia, Asturias and León) analysed in
the present research
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increase in seroprevalence was observed since the average
percentage of positive sera raised from 33 % in the three first
years (2007–2009) to 50 % in the last three years of our study
(2012–2014). These differences were significant (X2 = 46.482,
P = 0.001).

Regarding age and gender, seroprevalence was slightly
higher in adults (52 %, 47–57) and males (40 %, 36–44) than
in young (45 %, 34–55) and females (33 %, 23–43); however,
no significant differences were observed.

Necropsy

A total of 610 larvae were collected in 98 heads. C. stimulator
was the only bot fly found in the sampled roe deer. The num-
ber of larvae ranged between 2 and 75 and the mean intensity
of infestation was 19.67 ± 21.0. Regarding different larvae
instars, the percentages of L2 and L3 were higher than the
percentage of L1, probably because of their small size. A
positive and significant correlation was observed between
the number of L1 and L2 (ρ = 0.618, P = 0.001), L1 and L3
(ρ = 0.210, P = 0.038) and L2 and L3 (ρ = 0.567, P = 0.001).
Moreover, a positive and significant correlation between the
total number of larvae (TL) and L1 (ρ = 0.558, P = 0.001), TL
and L2 (ρ = 0.916, P = 0.001) and TL and L3 (ρ = 0.823,
P = 0.001) was found.

Considering the prevalence of C. stimulator according to
hunting year, the prevalence was significantly higher
(χ2= 13.016, P = 0.005) in 2012 and 2013 (57 %, 36–78 and
41 %, 22–59, respectively) than in 2014 (16 %, 6–26).
Similarly, the mean intensity of infestation in 2012
x ¼ 26075 � 27093ð Þ was higher than in 2013
x ¼ 13 � 10:68ð Þ and in 2014 x ¼ 18:75 � 18:15ð Þ.
Statistical analysis showed significant differences (F = 3.763,
P = 0.013). The prevalence and intensity of infestation were
higher in adults 62 %; 41–83; x ¼ 23:3 � 23:7ð Þ than in
y o u n g r o e d e e r 23 %; 14–33; x ¼ 14:6 � 15:9ð Þ.
However, only prevalence rates were significant (X2 = 11.325,
P = 0.001). Concerning the gender of ruminants, significant
differences were observed in prevalence values (χ2= 18.181,
P = 0.001) between males (55 %, 40–70) and females (14 %,
5–23). On the contrary, females presented higher larvae counts
x ¼ 36:1 � 21:1ð Þ than males x ¼ 14:1 � 18:0ð Þ, but no
statistical significance was found.

The current study detected a positive and significant corre-
lation (ρ = 0.683, P = 0.029) between percentage of infested
roe deer by C. stimulator larvae at necropsy and seropreva-
lence. In addition, correlation between mean intensity of
infestation and seroprevalence by ELISA was found
(ρ = 0.742, P = 0.014).

Discussion

According to our results, no roe deer was seropositive to
C. stimulator between 1994 and 2000 in different national
hunting preserves located in León province. This seems to
indicate the absence of this myiasis before the decade of
2000s, confirmed by the negative results obtained by ELISA
and the absence of direct descriptions of Cephenemyia
infestation in animals examined by hunters or researchers.
The origin of this infestation (between years 2000 and 2007)
is unknown, but in 2007, this myiasis arised in roe deer
(Pajares 2009). These results pointed that something unex-
pected happened in the early 2000 causing a radical change
and the emergence of more C. stimulator infestation cases
every year (Arias et al. 2012, 2014b). Calero-Bernal and
Habela (2013) suggest that its appearance is due to the
reintroduction of roe deer from areas where the parasite is
endemic. An irregular importation of carrier roe deer
(Notario and Castresana 2001; Pajares 2012) results in the
infestation byC. stimulator in native roe deer. Although, other
possible explanations related with climate change provoking
modifications in the phenology of the fly could be involved,
but there are no studies regarding this hypothesis. In this
sense, we need more entomological backup information.
Immune problems of native roe deer or competition with other
taxa should be considered.

Seroprevalence values obtained in our research were similar
to those pointed byMaes and Boulard (2001) in hunted roe deer
in France in years 1998 and 1999 (3243 %). C. stimulator was
the only oestrid harboured in the 98 roe deer examined in
accordance with authors who pointed that C. stimulator is
specific for roe deer (Dudziňski 1970; Barth et al. 1976;
Szappanos and Papp 1991; Papp and Szappanos 1992;
Lamka et al. 1997; Minář 2000; Maes and Boulard 2001;
Vaca 2000; Király and Egri 2003, 2004, 2007; Arias et al.

Table 2 Distribution of roe deer
examined by necropsy according
to year of sample collection, age
and gender

Roe deer heads, (n) Age Gender

Young (<2 years) Adult (≥2 years) Males Females

2012 21 20 1 14 7

2013 27 21 6 10 17

2014 50 20 30 18 32

Total 98 61 37 42 56
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2014b). The percentage of infected roe deer in our study was
similar to those observed in Czech Republic by Vaca (2000)
and Salaba et al. (2013), but it was noticeably lower to those
pointed by Lamka et al. (1997) and Sugár (1975, 1978) in
Czech Republic and Hungary. Besides, the mean intensity of
C. stimulator infestation was similar to other researches in roe
deer from diverse European countries (Dudziňski 1970; Barth
et al. 1976; Szappanos and Papp 1991; Papp and Szappanos
1992; Minář 2000; Maes and Boulard 2001; Király and Egri
2003, 2004, 2007). Furthermore, significant differences were
observed in prevalence values and intensity of infestation with
respect to hunting years. On the contrary, no significant
differences were pointed by Király and Egri (2003) in
Hungarian roe deer hunted in two successive years. The highest
prevalence of infestation was found in adult roe deer, according
to the results from Panadero et al. (2010) in small ruminants
infested by Hypoderma spp. Thus, these authors observed that
seroprevalence increased with the age of the animals. However,
in our study, mean intensity of C. stimulator larvae was higher
in young animals, in accordance with Vaca (2000) and Király
and Egri (2007), who suggested that young roe deer revealed a
less efficient immune system and worse defence against the
deposit of larvae by C. stimulator females into the nostrils
(Király and Egri 2004, 2007; Sugár et al. 2004). Males showed
the highest prevalence and differences were considered signif-
icant. It could be related to the fact that males are more active
than females, and bucks exhibit a pronounced territorial behav-
iour, aggressively expelling other males (Melis et al. 2005). The
expelled males are then forced to disperse, increasing the
chance of infection. Moreover, it has been also suggested that
certain sexual hormones, such as sex steroids, modulate several
aspects of host immunity, so males could become more suscep-
tible than females to many infectious pathogens, including this
myiasis (Király and Egri 2007) and another infestations by
ectoparasites as ticks (Vázquez et al. 2011). In a previous work
concerning gastrointestinal parasites in roe deer, Pato et al.
(2013) observed that the highest prevalence corresponded to
males, although the intensity of infestation was higher in
females than in males. Thus, it would be interesting to investi-
gate further about the differences in the immune system by
gender. A positive correlation between total number of larvae
and the results achieved using ELISA and excretion-secretion
antigens obtained from L2 of C. stimulator agree with results
from a previous study (Arias et al. 2014b), consequently the
usefulness of this technique to carry out epidemiological
surveys concerning cephenemyiosis and other myiasis in wild
ruminants is confirmed (Panadero et al. 2010; Arias et al.
2014b).

This research revealed that there is a high prevalence of
C. stimulator infestation, borne out by both direct and indirect
techniques. This fact ensures the increasing importance of
this infestation in recent years. Moreover, age and gender
determine appreciable differences in prevalence and intensity

of infestation. Further studies are required to get more knowl-
edge about possible factors that influence on nasopharyngeal
bot infestation, such as sexual hormones and immune
response of wild ruminant.
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