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Abstract
We present an indoor forensic case that occurred in spring 2013 in Cosenza (southern Italy). The entomological evidence collected at the scene consisted of Calliphoridae (Calliphora vicina, Lucilia sericata), Sarcophagidae (Sarcophaga crassipalpis), Fanniidae
(Fannia scalaris) and Muscidae (Hydrotaea ignava). The minimum Post Mortem Interval (mPMI) was calculated by relating the
entomological evidence to data available for Diptera species in the area and to our knowledge of the development of flies used as
forensic indicators in Calabria. We report S. crassipalpis as a corpse invader for the first time in Italy.
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Introduction
The first aim of forensic entomology is to help investigators estimate the time of death. Its application has become widespread in
many countries because the entomological evidence on corpses (especially Diptera and Coleoptera) can be used to estimate the
minimum Post Mortem Interval (mPMI) at both indoor and outdoor crime scenes. The arthropod community discovered on a
corpse or around it is affected by extrinsic and intrinsic factors [1]. The geographical area, the season and the habitat are very
important in determining the composition of the faunal succession and the seasonal dynamics of insects [2,3] on exposed corpses.
Knowledge of the distribution and ecological preferences of arthropod forensic indicators in a particular area [4-7] is very useful
for PMI estimation and crime scene analysis. In particular, synanthropic flies, the most accurate indicators of the time of death,
have been recognized on human corpses in many countries [8,9]. Until recent investigations in Calabria, southern Italy [4-7],
investigators evaluating the insects collected at crime scenes in that region based their conclusions on data recorded mainly from
central Europe. In the present case, five species belonging to the families Calliphoridae (Calliphora vicina Robineau-Desvoidy
1830, Lucilia sericata (Meigen 1826)), Sarcophagidae (Sarcophaga (Liopygia) crassipalpis Macquart 1839), Fanniidae (Fannia scalaris (Fabricius 1794)) and Muscidae (Hydrotaea ignava (Harris 1780)) were collected at the scene. In particular, we discussed the
presence of S. crassipalpis: this is the first time the species has been collected on a corpse in Italy. mPMI was estimated on Calliphora vicina samples as discussed in the result section.

Case description
On May 24, 2013, the body of a 50-year-old male was found on the floor of a room in Cosenza (southern Italy) (Figure 1A) which
did not receive direct sunlight. At the time of discovery, the door was shut but two windows of the apartment were open. The
temperature in the apartment when the corpse was discovered was 22.5 °C. The cadaver was found in a supine position dressed in
a shirt and trousers. The feet were completely bare. Medical evidence and a toxicological analysis carried out on the cardiac blood
confirmed that death was associated with methadone intake. The methadone concentration in the blood was 242 ng/ml. The body
was in an advanced state of decay, with heavy maggot infestation on the face (Figure 1B) and on the entire body. Entomological
evidence was abundant and present on and around the body. The procedures for collecting and processing the entomological
evidence followed normal standards and guidelines [10,11]. At the autopsy on 25 May, the corpse showed general brownish discoloration and autolysis of internal organs, signs of advanced decay. Macroscopic investigations showed superficial skin lesions
on the wrists, fluid and dark blood, plurivisceral congestion, hypertrophic chronic cholecystitis with cholesterolosis. Microscopic
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investigations of the lungs showed widespread spill, areas with alveolar spaces occupied by eosinophilic edema, red blood cells and
polymorph nuclear leucocytes, and areas of emphysema. The heart showed several areas of coagulative necrosis with myofibrillar
suffering. The brain showed hydrophic hypoxic degeneration and the liver showed chronic active hepatitis.

Figure 1: A. View of the room where the corpse was discovered
B. Maggots at different life stage inside the natural orifices

Results
Several dead adult specimens of Calliphora vicina Robineau-Desvoidy, 1830, Lucilia sericata (Meigen, 1826), Fannia scalaris (Fabricius 1794) and Hydrotaea ignava (Harris 1780) were found and collected around the corpse and in the bathroom next to the room
with the corpse. Many maggots were observed and collected on the corpse (in the clothing, nose, mouth, eyes, ears) and around it.
Sixty larvae (45 third instar larvae of C. vicina and 15 second and third instar larvae of L. sericata) were isolated and stored in 80%
ethanol, while 30 larvae of C. vicina and 10 larvae of L. sericata were reared in the laboratory to the adult stage. The adults and
larvae were identified using identification keys [12-17]. The larvae were killed by immersion in actively boiling water for 60 s and
transferred to 80% ethanol for preservation [18]. Both the larvae and the adults were identified as C. vicina and L. sericata. From
the sample reared in laboratory are not emerged adults of F. scalaris and H. ignava. In total, 50 third instar larvae of Sarcophaga
(Liopygia) crassipalpis Macquart 1839 were collected on the body, although adults of this species were not found at scene. Thirty of
these larvae were killed by immersion in actively boiling water for 60 s and transferred to 80% ethanol for preservation [18], while
the other 20 larvae were reared in the laboratory to the adult stage at 20 ± 0.5 °C. Both the larvae and adults were identified as S.
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crassipalpis (Figure 2) using identification keys [14]. All the examined larvae are deposited in the ‘Tullia Zetto larval collection’
(TZC) while the adults are deposited in the collection of Prof. Pietro Brandmayr (PBC) (both DiBEST Department, University of
Calabria, Cosenza, Italy). Digital photographs of cadaver were taken with a Sony Super Steadyshot DSC-H2 digital camera. The
larvae and adults of species were photographed with a Zeiss Axioskop equipped with Nomarski optic (Differential Interference
Contrast, DIC), using a Nikon Coolpix 4500 four MP digital camera.

Figure 2: Sarcophaga (Liopygia) crassipalpis Macquart 1839.
A. Habitus of male (scale bar: 1 cm).
B. Male genitalia, lateral view (scale bar: 1 mm).
C. Male genitalia, dorsal view (scale bar: 1 mm).
D. Cercus and surstylus in frontal view (scale bar: 1 mm).
E. Cercus and surstylus in lateral view (scale bar: 1 mm).
F. Cephalopharyngeal skeleton of third instar larva (scale bar: 0.5 mm).
G. Posterior spiracles of third instar larva (scale bar: 0.25 mm).
H. Anterior spiracles of third instar larva (scale bar: 0.15 mm).

Soft and clear pupae of Calliphora vicina were collected on the blanket covering the sofa, under the sofa (Figure 1A) and near the
body. In this case, C. vicina pupae were used for mPMI estimation. Empty puparia were not found at the scene. In order to verify
the differences between the temperature at scene and from weather stations we used an Escort Junior data logger which recorded
in the apartment the temperature at 30-min intervals for 5 days after discovery of the body. Temperature data for the 10 days before
discovery of the corpse were obtained from the local weather stations of the Arpacal Agency of Calabria situated 800 meters from
the scene. To determine the mPMI, we used the temperatures (Min and Max) recorded before discovery of the body. The mean environmental temperature recorded during the 10 days before discovery was 21.5 ± 1.1 °C. Laboratory evaluation aimed to study the
growth of C. vicina larvae which fed on meat with added methadone not allow general statements concerning the determination of
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the age of larvae which developed under the influence of methadone and the effective influence of substance on the development
time of the blow fly [19]. According to Marchenko [20] and unpublished data from our laboratory, the mean minimal development
time from egg to pupal age of C. vicina at 22 °C is 9.6 ± 0.2 days; the average minimal development time from egg to pupal age of
C. vicina at 23 °C is 9.1 ± 0.2 days. Based on the time of development (egg-pupal age) determined at 22 °C for this species under
laboratory conditions [20], the expected accumulated degree-day (Exp. ADD) was 192. Based on the time of development (eggpupal age) determined at 23 °C, the expected accumulated degree-day (Exp. ADD) was 191. For C. vicina a lower threshold of 2 °C
was applied [20]. This lower threshold is in accordance with our laboratory experimental data (unpublished data) for C. vicina.
Therefore, it was estimated that oviposition of C. vicina took place somewhere between 14 and 15 May.

Conclusion
In recent years there has been a progressive increase in mortality rates from acute methadone poisoning. This can be related to the
increasing diffusion of recovery programs, particularly those entrusting the methadone administration directly to the user. This
practice involves the likelihood of mistakes of self-administration by patients, i.e. too high doses or methadone combined with
other central nervous system depressants. In extreme cases, methadone can be used to commit suicide [21]. With regard to necrophagous fauna, many authors have reported that the number of Diptera species colonizing cadavers in domestic environments
is lower than outdoors [22]. Our investigation of an indoor scene in the city of Cosenza revealed a massive colonization by flies. In
fact, we collected five necrophagous Diptera species from and around the body. In Calabria, Calliphora vicina and Lucilia sericata
are the most abundant synanthropic species [7]. C. vicina is active in Calabria in spring, autumn and winter, while L. sericata is
active in spring and summer [7]. Hydrotaea ignava is known to be associated with carcasses in spring and summer in other geographical areas [23] and in Cosenza province [5,6]. Fannia scalaris is associated with human corpses and frequently indicates the
presence of feces and urine in indoor environments [24]. In Calabria this species was reported from pig carcasses in spring and
summer [5]. The presence at the scene of the flesh fly S. crassipalpis (Figure 2) is interesting. This species has been reported to cause
myiasis in humans and animals (oral, intestinal, cutaneous and ophthalmic myiasis) [25-28] and has successfully been reared from
pork liver [29]. This fly is known to complete larval development in vertebrate and invertebrate carcasses [30-32]. S. crassipalpis has
been reared not only from dead vertebrates but also from dead invertebrates, particularly snails [33]. Adults feed on feces, carrion
and flowers. This fly is defined as a hemisynanthropic species, present in tropical and subtropical zones of all biogeographical regions [33] and widely distributed in Spain, where it has also been observed associated with corpses [29,35,36]. S. crassipalpis is also
abundant in Portugal, with a clear preference for sunny sites [24]. Our finding is the first report of S. crassipalpis associated with
a human corpse at an indoor scene in Italy. In Calabria, S. crassipalpis shows synanthropic preferences and can also be associated
with corpses located in shady conditions contrary to what has been observed in other geographical areas [24].
The large number of species collected on the body and at the scene, related to the season and the geographical area, underline the
importance of evaluating entomological evidence on a regional scale. The massive presence of S. crassipalpis strongly suggests that
the species can be considered a forensically relevant fly for indoor scenes in Calabria, like the other species (Calliphora vicina,
Lucilia sericata and Chrysomya albiceps) [4-6]. These species can be defined as early colonizers and are of potential use for the
estimation of mPMI in southern Italy.
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