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Abstract: The bases for forensic entomology are that insects and their arthropod relatives can serve
as evidence in criminal, medical and civil legal matters. However, some of the very same species
that provide utility to legal investigations can also complicate crime scenes by distorting existing
body fluid evidence (e.g., bloodstains, semen, saliva) and/or depositing artifacts derived from
the insect alimentary canal at primary or secondary crime scenes. The insect contaminants are
referred to as insect stains, artifacts, specks or spots, and are most commonly associated with
human bloodstains. This review will discuss the different types of insect artifacts that have been
described from crime scenes and laboratory experiments, as well as examine insect contaminates
(non-blood based artifacts, transfer patterns, meconium, and larval fluids) that have received little
research or case attention. Methods currently used for distinguishing insect stains from human
body fluids will also be discussed and compared to presumptive tests used for identification of
human body fluids. Since all available methods have severe limitations, areas of new research will be
identified for the purpose of development of diagnostic techniques for detection of insect artifacts.

Keywords: forensic entomology; insect artifacts; fly spots; blow flies; calliphorids; sarcophagids;
bloodstain evidence; crime scene investigation

1. Introduction

Insects do not commit crimes, but they can be instrumental in solving them. This is especially true
with necrophagous Diptera that are attracted to human remains. Foraging adults from several families
of flies seek out a corpse as a source of nutrients for egg provisioning and oviposition/larviposition [1].
For these same species, larval nutriment is largely derived from the remains, establishing a linkage
between immature development, the corpse, and ambient conditions. With such information in hand,
an estimate of the minimum post mortem interval (PMImin) can be made [2]. This is considered the
primary focus of forensic entomology within the subdiscipline of medicocriminal entomology [3].
The utility of insects to criminal investigations is not limited, however, to time estimates and may
include determination of whether a corpse has been moved from another location inferred from
faunal, developmental or seasonal information [4]; detection of illicit or prescribed medications
bioaccumulated within insects that fed on the corpse [5]; person’s identification based upon DNA
profiling of tissues consumed by necrophagous insects [6]; and discovery of gunshot or bomb residues
in larval tissues when otherwise undetectable in human remains [7]. Though more obscure, adult flies
can also be a source of DNA from imbibed body fluids, which are then deposited as artifacts in other
locations, the latter being especially important if the primary crime scene has already been cleaned
following body removal [6].

In contrast to their roles as physical and trace evidence, necrophagous insects are not always
helpful at crime scenes. The foraging activity of necrophagous Diptera has the potential to be
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counterproductive to criminal investigations, largely as a result of the way they feed. For flies
in the families Calliphoridae and Sarcophagidae, adults land on or beside a corpse, walking across
the surfaces or through wet body fluids. Gustatory receptors located at the tips of tarsi (pulvilli)
and on the sponging mouthparts are used to assess the nutritional value of the fluids and tissues.
Applying Locard’s Exchange Principle to the interaction between necrophagous flies and a corpse,
evidence of this association will be left behind at the crime scene [8]. Foraging activity is known to
cause mechanical disruption of pooled blood and body fluid stains that have not dried [9,10]. It can
also lead to transfer patterns, created by tarsi or the abdomen leaving impressions after passing
through wet fluids, either at the primary scene or at other sites [11,12]. As adult flies consume body
fluids, they regurgitate and defecate some of the ingested food onto surfaces at or near the crime
scene, creating unique stains and/or an intermixing of fly artifacts with bloodstains and other human
body fluids [11,13]. Fly contaminates are not restricted to the primary crime scene, as adults display
positive phototaxis, and thus are attracted to windows and lights, locations in which wet blood may be
transferred or artifacts deposited. In essence, false secondary crime scenes are established as a direct
consequence of foraging activity on a corpse.

The problems with fly artifacts are magnified by the fact that regurgitate and defecate
are virtually indistinguishable from human bloodstains. Fly stains are morphologically very
similar to impact (i.e., forward, back, and mist-like spatter), projected, sneezed, and expirated
bloodstains [10], and cannot be reliably distinguished using presumptive or confirmatory tests available
for identification of human blood [13–15]. The use of molecular methods, namely DNA typing,
for person’s identification does not overcome these limitations since complete DNA profiles can be
obtained of an individual from blood consumed by flies [6,16]. A few methods have been reported to
be useful in differentiating fly artifacts from human bloodstains [9,10,13,17], but all have limitations
that prevent each from being consistently reliable for use in crime scene investigations. The reality is
that artifacts from very few fly species have been examined to come to any consensus on the typical
classification of regurgitate and fecal stains, or accurate methods of detection.

In this review, a discussion of the different types of insect artifacts that have been described
from crime scenes and laboratory experiments will be presented, along with an examination of insect
contaminates (non-blood based artifacts, transfer patterns, meconium, and larval fluids) that have
received little research or case attention. Methods currently used for distinguishing insect stains from
human body fluids will also be discussed and compared to presumptive tests used for identification of
human body fluids. All available methods have severe limitations, and thus, new areas of research will
be identified for the purpose of development of diagnostic techniques for detection of insect artifacts.

2. Insect Artifacts

In theory any insect that interacts with a corpse or associated exuded body fluids can potentially
create artifacts that confuse reconstruction efforts at a crime scene. However, the reality is that
several species of necrophagous Diptera are the chief culprits in producing insect artifacts [11].
As a consequence, this review will focus on stains that result from the activity of flies in the families
Calliphoridae and Sarcophagidae, which coincidentally also correspond to the vast majority of the
literature focused on insect artifacts. By definition, only one type of insect artifact is officially recognized
by bloodstain pattern analysts: insect stains. The Scientific Working Group for Bloodstain Pattern
Analysis (SWGSTAIN) has defined insect stains as those bloodstains produced as a result of insect
activity [18]. This definition leaves open the possibility of producing insect stains by two methods:
insect modification of existing bloodstains or creation of new stains. It is the latter that is most
frequently cited by forensic entomologists, since both regurgitation and fecal elimination can yield
insect stains containing human blood. The reality is that necrophagous flies can produce stains
or artifacts as a result of feeding on several types of fluids (e.g., blood, saliva, semen, vaginal
fluids, decomposition fluids), and which yield artifacts that vary widely in terms of shape, color,
and size [12,14,19,20]. Deposition of artifacts is also not restricted to just foraging adults, as post-feeding
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larvae and newly emerged adults have the potential to contaminate crime scenes with unique artifacts.
The small literature base that exists for fly artifacts is predominantly focused on regurgitate and
defecatory stains, which arguably are the most frequently encountered at crime scenes and most likely
to compromise bloodstain pattern analysis. What follows is a brief description of five types of fly
artifacts (regurgitate, defecatory stains, transfer patterns, meconium, and larval stains) that have been
identified or could potentially be found at crime scenes, including the mechanisms used to produce
each type and predicted chemical composition of the stains (Table 1).

Table 1. Morphological characteristics of fly artifacts.

Stain Type Shape Color Dimensions *

Regurgitate

Area in mm3

round to asymmetrically round, occasionally
with small tails to form tear drop shape

highly variable and dependent on food
source. May be clear, red, green, gray

tan/light, dark brown/black

3.0–16.2 (human blood)

1.9–19.2 (bovine blood)

Defecatory

Tail length (mm)

round to asymmetrically round, some
possessing long tails that form tad pole,

tear-drop, and sperm-like shapes

highly variable and dependent on food
source. May appear creamy, dark

brown/black, gray, tan/light #

3.0–16.2 (human blood)

1.9–19.2 (bovine blood)

4.8–9.2 (chicken blood) +

Translocation

Stain length (mm)

asymmetrically linear same as food source
0.98–10.4 (human blood)

0.74–9.7 (bovine blood)

Tarsal tracks small and round, impressions of tarsi or pulvilli same as food source >0.2 mm in diameter

* Data from [12] using Sarcophaga bullata (Sarcophagidae), Calliphora vicina (Calliphoridae), Chrysomya rufifacies,
Ch. megacephala, and Phormia regina. + Data from [20] using Ch. megacephala feed chicken blood. # Data from [19]
using Lucilia cuprina fed human blood.

2.1. Regurgitate

Regurgitation is considered to be the expulsion of food from any location within the foregut out the
oral opening [21]. It is a component of bubbling behavior that leads to a food droplet or bubble forming
on the distal tip of the pseudotrachea. Regurgitation is in contrast to vomiting, in which food from
the midgut is forced into the foregut, and then passed out of the mouth. Distinguishing between the
two would seem to have little forensic value, but in fact the importance lies in composition differences,
which can be the bases for development of confirmatory tools used to detect fly artifacts. Additionally,
at times the terms have been used interchangeably in the forensic entomology literature [20,22],
but clearly the two are separate physiological processes. Regurgitate stains should be considered far
more significant as potential contaminants at crime scenes, since bubbling behavior is quite common
among necrophagous Diptera, especially following consumption of a meal. After imbibing a liquid
diet, the ingested food is pushed through the anterior foregut to the crop. The crop serves as the initial
site of mixing of food with salivary enzymes [21]. If the crop was already full when the meal was
ingested, regurgitation of the crop contents occurs [23]. This is manifested as bubble formation at the
tips of the mouthparts. The bubble itself is highly variable in color, presumably a reflection of the
food consumed. That said food bubbles might appear clear despite the recent consumption of carrion,
blood, or feces [11] (Figure 1).

The fate of the regurgitated droplet appears to be dependent on the composition of the meal
consumed, fly species, and whether the adult is disturbed during bubbling. Bubbling behavior
is thought to serve two primary functions; decrease water content of the food prior to enzymatic
digestion or flight, and to permit extra-oral digestion [13,21]. It is the latter function that causes
regurgitation stains to achieve status as trace evidence at crime scenes. Adult flies will simply drop
the food bubbles from the mouthparts onto the substrate they are resting. This can occur around
a corpse following feeding on tissues, decomposition fluids, blood, or any other type of exposed
body fluid, with the exception of urine [19]. Regurgitate stains are typically round or asymmetrically
round (i.e., elliptical or oval) owing to the food bubbles dropping essentially perpendicular to the
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substrate [12], although occasional tear-drop shaped artifacts have been reported for Calliphora vicina,
Sarcophaga bullata, Lucilia sericata, and Chrysomya megacephala [6,10,12,17,20] and the tails appear to
result from flies beginning to move before release of the droplet [12]. A third morphological pattern
reported is dome shaped craters that supposedly result from the sucking process of fly mouthparts [24].
This would seem to implicate regurgitate stains, since adult flies are not known to consume their own
feces. However, the idea that the hydrostatic action of the cibarial pump and associated muscles of the
foregut can create sufficient negative pressure to suck a stain from a surface or modify dry fly artifacts
has not been demonstrated experimentally. In fact, cratered fly stains have only been reported for
two species of calliphorids (Ch. megacephala and L. cuprina), both under laboratory conditions [19,20],
but with L. cuprina, the stain morphology was attributed to drying on a smooth, non-porous surface,
and not due to feeding activity of adult flies. This type of stain is not commonly encountered [25].
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Figure 1. Types of fly artifacts produced by adult calliphorids and sarcophagids. All artifacts were
produced following feeding or exposure to human blood, unless otherwise noted. Regurgitate
stains deposited by (A,D,E) Sarcophaga bullata (Sarcophagdae), (B) Calliphora vicina (Calliphoridae),
(C) Lucilia sericata (Calliphoridae); defecatory stains deposited by (F,G) S. bullata, (H,I) C. vicina;
translocation stains deposited by (J,K) S. bullata, (L) C. vicina; tarsal tracks produced by S. bullata;
and meconium deposited by (N) S. bullata, (O) C. vicina. Images were captured using a ChemiDoc
Imaging System (BioRad).
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Regurgitate stains are composed predominantly of the meal consumed. However, the food is
modified by the addition of salivary enzymes that are mixed into the gut fluids within the crop.
In adult Protophormia terraenovae, enzymes consistent with trypsin, chymotrypsin and pepsin have
been detected in the crop and exogenously deposited regurgitate [26]. Presumably a similar enzyme
profile would be expected in other carrion-inhabiting calliphorids, although these same proteases
have not been observed in Phormia regina [21]. Interesting, P. regina apparently does not typically
drop bubbles and is more apt to reabsorb the regurgitated food [23]. When regurgitate is released by
this species, it is twice as likely to occur following a protein meal than after sugar consumption [23].
By contrast, most other species of calliphorids observed bubbling do release regurgitate [24], and the
event coincides with feeding on tissues and fluids from human remains or carrion. In other words,
diets high in protein [1]. It is also quite likely that antimicrobial compounds produced by the labellar
glands are released into the ingested food since uptake of bacteria from decomposing food sources is
inevitable [21,27]. Endogenous bacteria and possibly other microorganisms conceivably are present
in the crop of necrophagous Diptera, or are introduced to ingested food if vomiting occurs to permit
intermixing of enzymes from the midgut. Regardless of the precise composition, stains resulting from
regurgitated food are expected to be chemically similar yet distinct from the original food source.

The discussion of regurgitate (or any other insect artifact) composition is based on the assumption
that adult flies consume fluids and tissues found at the crime scene. In reality, many flies may be
introduced to the corpse during the crime scene investigation; that is, the adults gained access as
a result of doors, containers, etc. being opened by the first responders to the scene [11]. In such
scenarios, deposition of regurgitate and/or feces chemically distinct from fluids or tissues of the
deceased may be introduced at the crime scene. This includes the possibility of fly artifacts containing
DNA from an individual not associated with the current crime scene.

2.2. Defecatory Stains

Defecatory stains result from adult flies eliminating liquid feces. These stains are varied
in terms of shape and color based on species. Eliminated feces on smooth surfaces commonly
appear round or asymmetrically round, sometimes with tails, and on occasion may appear elongate
(linear or sausage shaped) [12,19,20]. In most cases, if a fly artifact possesses a tail, the stain is derived
from feces. The tail originates from either the fly beginning to walk prior to completion of defecation,
producing a tail tapered in the direction of fly movement, or results from forcible expulsion of
liquid feces from a protruded anus. The latter also yields tails pointed in the direction of fecal
droplet movement. In theory, artifacts with tails permit distinction between defecate and regurgitate,
and between bloodstains and defecatory stains. The idea is based on the premise that defecatory
stains are often formed into shapes—sperm-shape, tadpole, or tear-drop—unique from other types of
stains found at crime scenes [11,19]. However, as will be discussed later in this review, the uniqueness
between these types of stains is not quite as distinct as originally thought.

Stains resulting from fecal release are the most commonly produced artifacts by L. cuprina and
C. vicina (collected in Frankfurt, Germany) following feeding on human blood [6,14]. In contrast,
regurgitate stains are the most abundant artifacts released by S. bullata, L. sericata, Ch. rufifacies,
Ch. megacephala, and P. regina following consumption of a range of foods, including human
blood [10,12,17,20]. Interestingly, Rivers and McGregor [12] demonstrated that C. vicina collected
in Baltimore, Maryland predominantly deposits regurgitate stains, and that nearly all types of
artifacts produced by this fly are round and lack tails. The latter differs from the observations of
Striman et al. [17], in which C. vicina obtained in Nebraska frequently deposited defecatory stains that
were tear-drop shaped with long tails. Durdle et al. [19] reported that defecatory stains of L. cuprina
are more varied in shapes, colors, textures, viscosity, and translucence than observed with any other
fly species. Varied fecal stain morphologies have also been reported for Ch. megacephala collected in
Malaysia, in which tear-drop, sperm-like, snake-like, and irregular tadpole-like defecate with long
tails (4.8 to 9.2 mm) were produced on porous surfaces following ad libitum consumption of chicken
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blood [20]. Such differences in regurgitate and defecatory artifact morphology appears to reflect
species and diet dependency, as well as within species variation based on geographic location [12].

Fly feces is a unique mixture of partially and undigested food, and various metabolic wastes
deposited from the Malpighian tubules and hindgut [28]. Defecate contains relatively high
concentrations of ammonia, allantoin/allantoic acid, and uric acid [29], all of which are absent
from regurgitate. Several proteolytic enzymes (e.g., pepsin, trypsin, α-glucosidase, β-galactosidase,
β-glucosidase, amylase, fructofuranosidase) released by the midgut epithelia can also be found in
feces [30,31]. Enzyme type, quantity, and level of activity are dependent on food composition and most
likely fly species. Like with the adult crop, endogenous bacteria and other microorganisms are present
in the hindgut, and possibly exogenously acquired microorganisms, presuming that they can survive
the highly acid environment of the midgut [29]. Defecatory stains are expected to be chemically similar
yet distinct from regurgitate and the original food source. That said Weiss [32] states that it is possible
in certain instances for ingested food to pass through the alimentary canal unmodified. In which case,
feces, regurgitate, and the original food source may be virtually indistinguishable from each other
based on chemical composition. Variable degrees of food processing by an adult fly may also account
in part for the wide variation in physical features of defecatory stains.

2.3. Transfer Patterns

Transfer patterns are defined as bloodstain patterns resulting from contact between a wet bloody
object (surface) with that of another object or surface [18]. This definition can be extended to that of
insects that interact with a corpse or exuded body fluids. For example, adult flies can generate transfer
patterns by dragging the abdomen through or across food and then transferring a wet impression to
another location. This form of transfer pattern is referred to as translocation [12], and is known to occur
with adult flies, cockroaches and ants that frequent crime scenes [11]. Translocation stains typically are
asymmetrical linear stains and appear the same color as the food source that was transferred by the
insect’s body. A second type of transfer artifact is called tarsal tracks. These transfer patterns are formed
by adult flies or other insects walking through wet food and leaving impressions of tarsi or pulvilli
on another surface. Tarsal tracks produced by adult flies are typically small (<0.2 mm in diameter),
round stains that appear the same color as the food source walked through by the insect [12]. These fly
footprints are often randomly distributed across the surface of an object but have also been shown to
occur in clusters with some species [12]. Since both translocation stains and tarsal tracks are produced
from simply walking through or across a food source, the composition of the artifacts will be identical
to the original source. It should also be noted that the behaviors of flies and other insects that lead to
transfer patterns also alters the morphology of existing stains (wipe patterns) and insect artifacts [19].

2.4. Meconium

Meconium is a creamy, viscous fluid released via the anus of newly emerged adult flies [22]. It is
produced during intrapuparial development and represents metabolic waste products that accumulate
in the partially formed adult gut. Meconium is thus a form of storage excretion since waste removal
is not possible until after the adult emerges from the puparium [28]. As a consequence, storage of
nitrogenous end products occurs in non-toxic forms, predominantly as uric acid and allantoin [33],
which in turn are the major components of excreted meconium. The presence of uric acid is also largely
responsible for the creamy white to yellow coloration of the deposited fluid.

The occurrence of meconium at a crime scene is indicative of a long association between the fly
and the remains, since all phases of fly development outside of adult maturation have occurred at that
location or close by. Meconium is deposited within minutes of emergence from the puparia but prior
to expansion [22]. What this means is that adult flies have yet to gulp air into the crop, so the wings
appear shriveled and the abdomen narrow. Consequently, meconium is usually deposited on the
substrate near the site of extrication and would be less commonly found on walls or furniture. The size
and shape of meconium stains vary based on species but are typically large (>2 mm in diameter),
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round to asymmetrically round (ellipse or oval) stains that often have long tails. Like with defecatory
stains, the tails result from the fly beginning to walk prior to completion of elimination, and thus point
in the direction of fly movement.

2.5. Larval Stains

Necrophagous flies deposit unique forms of artifacts at crime scenes that are readily
distinguishable from all other forms: eggs and larvae. Juvenile forms of Diptera are never referred to
as contaminates or artifacts but they do potentially confound crime scene investigations in at least two
ways: through consumption of physical evidence, including the corpse, and by modification of existing
stains via transference or deposition of larval fluids. Larval stains generally would not be expected to
be confused for human bloodstains or other body fluids, but the activity of maggots potentially can
alter the physical appearance and/or chemical composition of existing stains. The latter obviously
has the potential to compromise the utility of presumptive or confirmatory tests performed during
an investigation. Here, the focus is on fluids derived from larvae since the chemical composition of
each type is unique from human body fluids. Two types of larval-derived fluids will be considered,
secretions from the oral opening and excretions released from the hindgut via the anus.

2.5.1. Secretions

Larvae from the families Calliphoridae and Sarcophagidae, and to a lesser extent Muscidae,
feed on human remains and carrion in larval feeding aggregations or maggot masses [34]. For most
species, the aggregations form during the late second to early third stage of larval development.
Within the feeding masses, larvae release oral secretions on to the food substrate to promote extra-oral
digestion [34]. The food substrate obviously can be human remains, body fluids or stains, and feces.
Thus the potential exists for modification of trace evidence by larval secretions. The composition
of the secretions is the key to this potential for alteration. Larval salivary glands produce amylase,
invertase, proteases, and hydrolases [31], with chymotrypsin functioning as the major orally secreted
protease in larvae of L. cuprina [35]. Several other species, including L. sericata, C. erythrocephala,
and Sarconesiopsis magellanica, release a cocktail of proteases (e.g., trypsin-like, chymotrypsin-like,
leucine aminopeptidase, aspartyl proteinase, metalloproteinase, and carboxypeptidase A and B) in
secretions that promote digestion of necrotic tissues and other food sources [36–38]. Larvae of L. sericata
also secrete collagenase, although the source of the enzyme may be the midgut rather than salivary
glands [39]. Larval secretions also contain a range of antimicrobial compounds [40–42], however,
only the peptides lucifensin and lucifensin II have been identified thus far [43,44].

Like with meconium, the presence of larval secretory stains suggests a long association with
the corpse as only older (late 2nd or 3rd instars) larvae can survive any significant length of time off
the remains before returning to feed [45,46]. Such stains are also most likely to occur on non-porous
surfaces like tile, wood, or vinyl floors since carpets and fabrics are potentially desiccating conditions
to any age larva.

2.5.2. Excretions

Larval feces are broadly comparable to the composition of adult defecate. In practical
terms, this means larval feces contains partially and undigested food, various metabolic wastes,
digestive enzymes, endogenous bacteria, and the remains of lysed or digested exogenously acquired
bacteria [28,47]. Larvae excrete high concentrations of ammonia, nonionic ammonia and allantoin
throughout the feeding stages [29,48] and especially when purging the gut prior to pupariation [49,50].
Other nitrogenous products (i.e., uric acid and allantoic acid) are present in feces but in lower
concentrations [28,33]. An array of digestive enzymes is released into the lumen of the midgut,
including trypsin, chymotrypsin, pepsin, collagenase, lysozyme, β-galactosidase, α-glucosidase,
fructofuranosidase, maltase, amylase, and lipases [31,51–53], with the potential to pass out of the gut
in feces. Indeed, excretions of L. cuprina contain several proteases, with chymotrypsin being the most
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abundant [35]. However, in larvae of Musca domestica, only 20% of the enzymes are released in excreta,
as an endo-ectoperitrophic circulation in the midgut facilitates enzyme recovery before entering the
hindgut [54]. Trypsin and amylase are the most prevalent hydrolases in excretions of M. domestica [54],
but neither are distinctive from human fluids based on enzymatic activity alone. Larval defecate is also
comprised of a number of antimicrobial agents including small peptides (lucifensin and lucifensin II),
urea, phenylacetic acid, phenylacetaldehyde, and calcium carbonate [42–44].

It is during the postfeeding stage of larval development in which most species will wander from
the food to seek refuge to initiate pupariation [50]. Larvae will disperse from the food source and
initiate random crawling, during which time the immatures will migrate through existing fluids or
stains in their path. This behavior not only distorts stain morphology (wipe pattern) but also alters the
chemical composition as transfer of fluids adhering to their body occurs, as does release of excreta
from the anal opening. Larval trails are evident from human remains across non-porous surfaces,
revealing the initial path of travel of the maggots.

3. Methods of Detection

A variety of methods have been purported to permit some differentiation of fly artifacts from
human bloodstains. While there is limited success with each technique, at present, no empirical
methods exist for reliable distinction between insect-derived artifacts and body fluids. Langer and
Illes [27] reviewed the techniques available for identifying insect artifacts at crime scenes, as well as
delineating the limitations of each method. Since no new developments in methodology have occurred
since their review, we will not attempt to duplicate their efforts here. Instead, a brief description of each
method will be presented to provide context for areas in need of new research. The methodology is
grouped according to the categories proposed by Langer and Illes [27]: visual, contextual, and chemical
methods of detection.

3.1. Visual Methods

Visual methods rely on comparative morphology and alternate light detection. The morphological
features of fly artifacts, especially because they may be construed as irregular shaped by comparison
to human bloodstains, are believed by some to be distinctive, and thus would not be confused by
a trained expert in bloodstain pattern analysis with true bloodstains [19]. While this is undoubtedly
true in some scenarios, many crime scene analysts do not have a background in forensic entomology
to readily recognize fly artifacts [6]. Importantly, subjective analysis is not a satisfactory means for
distinguishing fly artifacts from other forms of trace evidence for a number of reasons. For one,
the morphology of regurgitate can be distinct from that of defecatory stains for some species [13,19,20],
but not others [10,12,17]. A semi-quantifiable method has been proposed as one means of visually
identifying fecal stains [13]. The method depends on the ratio of the length of stain tail to the length
of stain body, which if greater than one, supposedly excludes bloodstains. Thus, the method relies
on a process of elimination of stain suspects to identity defecatory stains. One problem with this
approach is that the ratios generated to evaluate this technique are from limited sample sizes at crime
scenes and from laboratory tests that did not utilize blood as a food source for the flies, and only one
species of fly was tested for validation [13]. However, the authors have reported using the technique
many times since and remain convinced of its validity in recognizing potential defecatory stains [25].
A second concern is that for several species, tails are commonly absent from defecatory spots, yielding
fecal and regurgitate stains that are indistinguishable from each other [10,12,17]. A third issue is that
the underlying premise that a tail length to body ratio exceeding one excludes all forms of human
bloodstains is not correct [55]. In reality, fly artifacts are highly variable in size, color, and morphology
due to unique species behaviors, size of blood meal, and time taken to consume the meal, as well as
being dependent on the physical surfaces on which they have been deposited [19].

A second method of visual identification of fly artifacts involves the use of alternate light detection.
The method has been used with only two species (C. vicina and L. sericata), in which expelled defecate
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could be visualized by alternate lighting at 465 nm with an orange contrast filter [9,10]. The authors
indicate that neither regurgitate or human blood fluoresced under the same conditions. However, this
method is not entirely satisfactory since in the absence of tails and depending on fly species, regurgitate
and defecatory stains can be very difficult to distinguish from each other based on morphology [6,17].
The alternate light technique also does not make a distinction between other forms of body fluids that
may be present at a crime scene, and there have been no reports as to whether the method is effective
at detection of translocation stains or tarsal tracks. Also lacking is an understanding of the mechanisms
that lead to fluorescence of defecatory but not regurgitate stains and human blood. Fujikawa et al. [10]
speculate that the presence of urea in defecate accounts for detection at 465 nm. This seems unlikely
in that only trace amounts of urea are present in adult excreta [28,33], human blood contains small
quantities of urea yet did not fluoresce [10], and other body fluids that do not contain nitrogenous end
products can be detected by the same technique [8].

3.2. Contextual Methods

Contextual methods of fly artifact detection rely on visual analysis coupled with where the insect
stains occur in relation to one another and with respect to human body fluid stains [27]. There are
two ways to consider contextual analysis of suspect stains: one is to examine the stains based on
physical location with respect to the crime scene or other stains, and the other is to compare the
directionality of multiple stains located in close proximity. The former is relevant to stains being located
in seemingly unusual or atypical circumstances by comparison to other trace evidence. For example,
adult flies display positive phototaxis, so they are attracted to artificial and natural light sources.
As a consequence, fly artifacts may be deposited on lampshades, light fixtures, windows, curtains,
window shades, windows casings, and other objects in close proximity to the light sources [11]. The net
effect can be that stains consistent (e.g., morphology and/or chemistry) with human blood are present
in locations not consistent with other physical or trace evidence associated with a crime scene or
pathology reports [27]. Necrophagous flies will also forage for other food sources, most prominently
located in kitchen and food storage areas. Again, fly artifacts may be deposited in these locations,
which would be especially suspicious if no other evidence is found in such areas. Despite the
irregularity of locations, trained bloodstain analysts only can rely on subjective determination to
include or exclude these stains in their analysis.

When multiple stains are present with some showing directionality not consistent with other stains,
the possibility exists that insect artifacts are intermixed with human bloodstains [27]. An alternative
explanation is that cast off patterns are present from multiple impacts or trauma events. In the
latter scenario, multiple patterned bloodstains are recognizable to trained bloodstain analysts who
could group the stains based on consistent directional patterns and angles of impact [56]. However,
when insect artifacts are intermixed with castoff or impact bloodstains, the insect-derived stains can
only be identified based on discretionary interpretation by individual analysts. Fly activity may
be suspected based on the presence of stains with random directionality, round stains intermixed
with bloodstains with tails that can be grouped based on consistent directionality, or by the
occurrence of irregular shaped stains typical of translocation, defecatory stains with distinctive tails
(i.e., sperm-shaped, tadpole shaped, tear-drop shaped) or dome shaped craters. Thus, visual analysis
is used to detect irregular or atypical stains in relation to other stains or evidence found at the
scene. At present, there is no means to confirm that suspected fly artifacts are in fact derived from
necrophagous flies or other insects.

3.3. Chemical Methods

Chemical analyses in the form of presumptive and confirmatory tests provide the most definitive
evidence that fly artifacts cannot be reliably distinguished from human bloodstains or other body
fluids. This assertion is based on the idea that fly artifacts are the direct result of adult flies’ interaction
with a corpse and/or associated body fluids. The most obvious examples are regurgitate and
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defecatory stains produced after consumption of human blood. Presumptive chemical tests designed
to detect animal blood will test positive for both fly artifacts and true human bloodstains [9,10,13].
This is true regardless of the type of presumptive blood test employed. That said Durdle et al. [15]
demonstrated that some differentiation could be made with presumptive tests used on artifacts
(regurgitate and defecate) produced by adults of L. cuprina following feeding on human blood or
semen if the stains were relatively fresh (3-days-old) but not if 2-weeks-old nor if flies consumed
saliva. Confirmatory tests for semen and saliva demonstrated similar trends in that fresh but not
older artifacts could be distinguished from the original food sources. Confirmatory tests designed for
human blood do not permit distinction between fly artifacts and bloodstains, and DNA typing does
not overcome this limitation since complete DNA profiles of the victim or offender have been obtained
from regurgitate and defecatory stains [6,16]. Despite some limited differentiation using chemical
analysis, Durdle et al. [15] concluded that presumptive and confirmatory testing could not be used
reliably to detect fly artifacts. However, in combination with visual analysis, the utility of chemical
analysis may potentially improve.

Translocation and tarsal tracks have not been tested by chemical analysis, but based on the
mechanism of production, should not be distinctive from the original food source. Necrophagous flies
generally do not consume saliva and semen found at crime scenes, and even when they are fed upon,
the resulting artifacts are often difficult to visualize [6]. The latter poses a potential serious problem
since fly artifacts derived from such fluids contain human DNA and thus are a source of extraneous
DNA whose origin would be unknown since detection of the stain is limited.

4. New Research

The inability to consistently and reliably distinguish insect artifacts from human bloodstains and
other body fluids represents the biggest issue with respect to entomological contaminants at crime
scenes. There has been modest success with a few methods designed for visual, contextual, or chemical
analysis of fly artifacts, but none are satisfactory based on several limitations. The deficiencies
include a lack of reliability, no single technique is suitable for all fly species, none make a distinction
from other forms of body fluids that may also be present at crime scenes, all are presumptive not
confirmatory tests, assessment of artifact morphology is dependent on a very small pool of forensic
experts, and very few forensically important species known worldwide have been examined by
the reported methods for discerning fly artifacts from human bloodstains and other bodily fluids.
The latter makes it very difficult to come to any consensus on the typical classification of fly artifacts or
accurate methods of detection. Durdle et al. [19] suggested that the use of two methods in conjunction
with one another (i.e., presumptive blood testing coupled with visual analysis) may improve the
precision in distinguishing fly artifacts from human bloodstains. Nonetheless, the techniques alone
or in combination still should be viewed as inconsistent and non-quantifiable, especially in terms of
the visual analysis component. A lack of diagnostic tests for the identification of insect artifacts at
a crime scene means that only subjective interpretation is currently used to distinguish fly evidence
from bloodstains. The take home message is that at present, insufficient data and methodology are
available to make consistently reliable and quantifiable distinctions between insect artifacts and stains
from human body fluids. This obviously means that new research is needed to overcome the stated
deficiencies and develop new methods for detection of fly artifacts.

4.1. Chemical Analysis Based on Composition of Fly Fluids

The majority of presumptive and chemical tests available for forensic serological analysis at
crime scenes relies on chemical testing. In the context of human body fluid stains, discernment
is based on unique chemical properties of each type of fluid that minimally leads to broad
classification. Confirmatory tests, especially in the cases of human blood, semen, and saliva, depend on
immunoassays employing polyclonal or monoclonal antibodies that recognize unique human-specific
antigens [57]. In this respect, very little research has been done to analyze the chemical composition of
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fly artifacts, aside from DNA analysis for the purpose of identifying the source of blood, or inferences
made based on the results of presumptive blood tests [6,9,10,13]. Rivers et al. [26] demonstrated that
regurgitate stains deposited by P. terraenovae possess at least three (trypsin-like, chymotrypsin-like,
and pepsin-like) digestive enzymes that were also found in the crop of the adult fly, independent of the
food source. These observations point to further research into the potential of fly digestive enzymes
as the bases for new chemical methods of detection of insect artifacts. Most likely presumptive tests
in the form of enzymatic assays would not be sufficient to distinguish artifacts from human body
fluids, as many fly enzymes overlap in substrate specificity with vertebrate enzymes [31]. However,
in several instances, though enzyme functionality is similar to vertebrate counterparts, enzyme
structure is substantially different [58–60]. This is especially true for the various forms of trypsin
(i.e., earlier, late) that are produced in the midgut of several Diptera [61]. Consequently, fly digestive
enzymes, potentially from all feeding stages that interact with human remains and body fluids,
could be used as antigens for the development of immunological tools used in confirmatory tests.
Similarly, the small antimicrobial peptides lucifensin and lucifensin II are potential candidates for
antibody development to use in immunoassays that recognize larval stains or distortions of existing
human body fluid stains caused by maggot activity. Further research is needed to determine if adult
labellar glands synthesize these peptides as well, and if so, this would greatly increase the utility of the
peptides in development of immunological diagnostic tools.

Two potential limitations of any of the described potential antigens are that (1) they likely
would not be able to distinguish regurgitate from defecatory stains; and (2) would also not recognize
translocation and tarsal tracks as being separate stains from the original source, meaning human body
fluids. In terms of the former, this should be viewed as a minor weakness since the primary need is
to differentiate fly artifacts from human bloodstains in a reliable and quantifiable manner. Much less
information is derived from knowing precisely what type of fly artifact is present.

The composition of defecatory stain offers insight into the possible development of new
presumptive and confirmatory tests to detect fly fecal stains. Uric acid and allantoin are present
in the excreta of adult and larval flies, although the concentration varies based on developmental
stage [28,33]. In the absence of hyperuricemia condition, human blood contains only trace amounts of
uric acid, and humans are incapable of naturally synthesizing allantoin [62,63]. Thus, like occurs with
acid phosphatase in presumptive testing of human semen [64], concentration (high levels) differences
of uric acid in irregular shaped ‘bloodstains’ may be indicative of defecatory stains. Similarly, allantoin
detection through enzymatic assays [65] could potentially be developed into a confirmatory test for
fly defecate.

4.2. Molecular Methods

The development of molecular methods for identifying fly artifacts would allow for more
conclusive determination of artifacts than most current methods. Design of these methods will likely
depend on identification of DNA sequences present in the artifacts, rather than RNA or protein as
these macromolecules are more difficult to detect in extremely small quantities and require additional
manipulation before analysis. Since human blood stains, as well as fly regurgitate and defecatory
stains could all have human DNA present, distinguishing between these types of artifacts at a crime
scene would benefit from being able to identify insect DNA within artifacts. Fly gut epithelial cells are
routinely shed over the lifespan of the organism leading to frequent intestinal regeneration [66,67].
While much of this research comes from the study of Drosophila melanogaster [68–70], there is a high
likelihood that this developmental process occurs with many species of necrophagous Diptera.
Research into the existence of epithelial cells shed from the gut in either regurgitate or excrement,
could determine the presence of insect DNA in these artifacts. Identification of this insect DNA could be
performed by looking for high copy number DNA sequences within the fly genome following genomic
sequencing. The use of high copy number sequences, such as ribosomal genes and transposons,
to make an organism determination would result in detection that is more feasible given the low
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number of cells likely present in an individual fly artifact. Additionally, quantitative polymerase chain
reaction (qPCR) could be used to amplify insect DNA from artifacts as a means for organism detection.
The use of degenerative primers for qPCR would allow for an assay in which the specific fly species
does not need to be known prior to assay initiation, making the assay easy to use and less costly than
trying primers for each specific fly species in an attempt to determine which flies were present.

4.3. Fly Microbiome

The endogenous microbiome of necrophagous flies is an attractive area of study to differentiate
fly artifacts from human bloodstains. Investigation into the microbial flora of insects commonly
found at crime scenes may lead to a catalog of microbes that could be identified within fly artifacts,
and presumably absent from human bloodstains and other bodily fluids, at least at the time of
death. Detection could be accomplished using DNA extraction followed by bacterial 16S rDNA
tag encoded FLX-titanium amplicon pyrosequencing (bTEFAP), generating short DNA sequence
reads [71,72]. These DNA sequences could then be classified by bacteria taxonomy based on sequence.
Analysis of the normal microbiome of two calliphorids, L. sericata and L. cuprina, has been undertaken
for various life stages [72]. The feasibility of obtaining enough microbial DNA from fly artifacts for
analysis will need to be studied, but identification of even a low number of microbial sequences from
adult flies common to a crime scene location may be enough to distinguish the spot from human
bloodstains. With this type of analysis, the microbiome likely will change with timing of colonization
and developmental stage for both for the fly and microbes. The anticipated result is deposition of
endogenous fly microbes as well as microbes newly ingested from a decaying corpse in fly artifacts [73].

5. Conclusions

Necrophagous Diptera that colonize a corpse, carrion, or an animal or person with open wounds
may confound crime scenes by altering body fluid stains. Both adults and larvae have the potential
to distort existing body fluid stains or depositing contaminants in the form of artifacts that are
morphologically similar in size, color and shape to human body fluids. Adult flies deposit regurgitate
and defecatory stains released from opposing ends of the digestive tract. Meconium is released almost
immediately upon emergence from puparia, but is typically restricted to locations near the site of
extrication. Transfer patterns are produced as either translocation (from dragging body parts) or tarsal
tracks, which are literally fly footprints. By contrast, crawling larvae can distort existing stains as
well as yield transfer patterns. Additional larval artifacts can be derived from the alimentary canal
in the form of secretions or excretions. At present, fly artifact are detected based on morphological
and contextual criteria, which are not consistently reliable in distinguishing insect stains from human
body fluids. New research should focus on the development of diagnostic tools for distinguishing fly
artifacts from human body stains based on the chemical composition of fly contaminants. This idea is
based on the premise that each type of fly-derived fluid contains chemical constituents unique to the
condition that produced them.

Acknowledgments: A portion of the research discussed in the review was supported in part by a Lucas Grant
from the Forensic Sciences Foundation, Inc. and a senior sabbatical award from Loyola University Maryland
(David Rivers).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Rivers, D.B.; Dahlem, G.A. The Science of Forensic Entomology; Wiley-Blackwell: West Sussex, UK, 2014.
2. Villet, M.H.; Richards, C.S.; Midgley, J.M. Contemporary precision, bias and accuracy of minimum

post-mortem intervals estimated using development of carrion-feeding insects. In Current Concepts in
Forensic Entomology; Amendt, J., Campobasso, C.P., Goff, M.L., Grassberger, M., Eds.; Springer: Dordrecht,
The Netherlands, 2010; pp. 109–137.



Insects 2017, 8, 37 13 of 16

3. Byrd, J.H.; Castner, J.L. (Eds.) Forensic Entomology: The Utility of Arthropods in Legal Investigations, 2nd ed.;
CRC Press: Boca Raton, FL, USA, 2010.

4. Anderson, G.S. Factors that influence insect succession on carrion. In Forensic Entomology: The Utility of Using
Arthropods in Legal Investigations, 2nd ed.; Byrd, J.H., Castner, J.L., Eds.; CRC Press: Boca Raton, FL, USA,
2010; pp. 201–250.

5. Goff, M.L.; Lord, W.D. Insect as toxicological indicator and the impact of drugs and toxin on insect
development. In Forensic Entomology: The Utility of Using Arthropods in Legal Investigations, 2nd ed.; Byrd, J.H.,
Castner, J.L., Eds.; CRC Press: Boca Raton, FL, USA, 2010; pp. 427–434.

6. Kulstein, G.; Amendt, J.; Zehner, R. Blow fly artifacts from blood and putrefaction fluid on various surfaces:
A source for forensic STR typing. Entomol. Exp. Appl. 2015, 157, 255–262. [CrossRef]

7. LaGoo, L.; Schaeffer, L.S.; Szymanski, D.W.; Smith, R.W. Detection of gunshot residue in blowfly larvae and
decomposing porcine tissue using inductively coupled plasma mass spectrometry (ICP-MS). J. Forensic Sci.
2010, 55, 624–632. [CrossRef] [PubMed]

8. James, S.H.; Nordby, J.J.; Bell, S. (Eds.) Forensic Science: An Introduction to Scientific and Investigative Techniques,
4th ed.; CRC Press: Boca Raton, FL, USA, 2014.

9. Fujikawa, A.; Barksdale, L.; Carter, D.O. Calliphora vicina (Diptera: Calliphoridae) and their ability to alter
the morphology and presumptive chemistry of bloodstain patterns. J. Forensic Ident. 2009, 59, 502–512.

10. Fujikawa, A.; Barskdale, L.; Higley, L.G.; Carter, D.O. Changes in the morphology and presumptive chemistry
of impact and pooled bloodstain patterns by Lucilia sericata (Meigen) (Diptera: Calliphoridae). J. Forensic Sci.
2011, 56, 1315–1318. [CrossRef] [PubMed]

11. Parker, M.A.; Benecke, M.; Byrd, J.H.; Hawkes, R.; Brown, R. Entomological alteration of bloodstain evidence.
In Forensic Entomology: The Utility of Using Arthropods in Legal Investigations, 2nd ed.; Byrd, J.H., Castner, J.L.,
Eds.; CRC Press: Boca Raton, FL, USA, 2010; pp. 539–580.

12. Rivers, D.B.; McGregor, A. Morphological features of regurgitate and defecatory stains deposited by five
species of necrophagous flies are influenced by adult diets and body size. J. Forensic Sci. 2017, in press.
[CrossRef] [PubMed]

13. Benecke, M.; Barksdale, L. Distinction of bloodstain patterns from fly artifacts. Forensic Sci. Int. 2003, 137,
152–159. [CrossRef] [PubMed]

14. Durdle, A.; Mitchell, R.J.; van Oorschot, R.A.H. The human DNA content in artifacts deposited by the
blowfly Lucilia cuprina fed human blood, semen, and saliva. Forensic Sci. Int. 2013, 233, 212–219. [CrossRef]
[PubMed]

15. Durdle, A.; Mitchell, R.J.; van Oorschot, R.A.H. The use of forensic tests to distinguish blowfly artifacts from
human blood, semen, and saliva. J. Forensic Sci. 2015, 60, 468–470. [CrossRef] [PubMed]

16. Durdle, A.; Mitchell, R.J.; van Oorschot, R.A.H. The change in human DNA content over time in the
artefacts of the blowfly Lucilia cuprina (Meigen) (Diptera: Calliphoridae). Forensic Sci. Int. 2011, 3, e289–e290.
[CrossRef]

17. Striman, B.; Fujikawa, A.; Barksdale, L.; Carter, D.O. Alteration of expirated bloodstain patterns by
Calliphora vicina and Lucilia sericata (Diptera: Calliphoridae) through ingestion and deposition of artifacts.
J. Forensic Sci. 2011, 53, S123–S127. [CrossRef] [PubMed]

18. Scientific Working Group on Bloodstain Pattern Analysis (SWGSTAIN). Recommended Terminology;
I.A.B.P.A. Newsletter: 2008. Available online: http://iabpa.org/uploads/files/iabpa%20publications/
June%202008%20News.pdf (accessed on 10 February 2017).

19. Durdle, A.; van Oorschot, R.A.H.; Mitchell, R.J. The morphology of fecal and regurgitation artifacts deposited
by the blow fly Lucilia cuprina fed a diet of human blood. J. Forensic Sci. 2013, 58, 897–903. [CrossRef]
[PubMed]

20. Zuhu, R.M.; Supriyani, M.; Omar, B. Fly artifact documentation of Chrysomya megacephala (Fabricius)
(Diptera: Calliphoridae)—A forensically important blowfly species in Malaysia. Trop. Biomed. 2008, 25,
17–22.

21. Stoffolano, J.G.; Haselton, A.T. The adult dipteran crop: A unique and overlooked organ. Annu. Rev. Entomol.
2013, 58, 205–225. [CrossRef] [PubMed]

22. Greenberg, B.; Zunich, J.C. Entomology and the Law; Cambridge University Press: Cambridge, UK, 2002.

http://dx.doi.org/10.1111/eea.12365
http://dx.doi.org/10.1111/j.1556-4029.2010.01327.x
http://www.ncbi.nlm.nih.gov/pubmed/20202063
http://dx.doi.org/10.1111/j.1556-4029.2011.01800.x
http://www.ncbi.nlm.nih.gov/pubmed/21554312
http://dx.doi.org/10.1111/1556-4029.13459
http://www.ncbi.nlm.nih.gov/pubmed/28230912
http://dx.doi.org/10.1016/j.forsciint.2003.07.012
http://www.ncbi.nlm.nih.gov/pubmed/14609651
http://dx.doi.org/10.1016/j.forsciint.2013.09.015
http://www.ncbi.nlm.nih.gov/pubmed/24314522
http://dx.doi.org/10.1111/1556-4029.12663
http://www.ncbi.nlm.nih.gov/pubmed/25407611
http://dx.doi.org/10.1016/j.fsigss.2011.09.007
http://dx.doi.org/10.1111/j.1556-4029.2010.01575.x
http://www.ncbi.nlm.nih.gov/pubmed/21039518
http://iabpa.org/uploads/files/iabpa%20publications/June%202008%20News.pdf
http://iabpa.org/uploads/files/iabpa%20publications/June%202008%20News.pdf
http://dx.doi.org/10.1111/1556-4029.12145
http://www.ncbi.nlm.nih.gov/pubmed/23551179
http://dx.doi.org/10.1146/annurev-ento-120811-153653
http://www.ncbi.nlm.nih.gov/pubmed/23317042


Insects 2017, 8, 37 14 of 16

23. Stoffolano, J.G.; Acaron, A.; Conway, M. “Bubbling” or droplet regurgitation in both sexes of adult
Phormia regina (Diptera: Calliphoridae) fed various concentrations of sugar and protein solutions.
Ann. Entomol. Soc. Am. 2008, 101, 964–970. [CrossRef]

24. James, S.H.; Sutton, T.P. Medium- and high-velocity impact blood spatter. In Interpretation of Bloodstain
Evidence at Crime Scenes, 2nd ed.; James, S.H., Eckert, W.G., Eds.; CRC Press: Boca Raton, FL, USA, 1998;
pp. 59–83.

25. Benecke, M.; Barksdale, L. In response to: “Commentary on: Mark Benecke and Larry Barksdale,
Distinction of bloodstain patterns from fly artifacts: Forensic Science International 137 (2003) 152–159”
[Forensic Sci. Int. 149 (2/3) (2005) 293–294]. Forensic Sci. Int. 2007. [CrossRef] [PubMed]

26. Rivers, D.B.; Acca, G.; Fink, M.; Brogan, R.; Schoeffield, A. Spatial characterization of proteolytic enzyme
activity in the foregut region of the adult necrophagous fly, Protophormia terraenovae. J. Insect Physiol. 2014,
67, 45–55. [CrossRef] [PubMed]

27. Langer, S.V.; Illes, M. Confounding factors of fly artefacts in bloodstain pattern analysis. Can. Soc. Forensic
Sci. J. 2015. [CrossRef]

28. Chapman, R.F. The Insects: Structure and Function, 4th ed.; Cambridge University Press: Cambridge, UK, 1998.
29. Wigglesworth, V.B. The Principles of Insect Physiology, 7th ed.; Chapman and Hall: London, UK, 1982.
30. Evans, W.A.L. Studies on the digestive enzymes of the blowfly Calliphora erythrocephala: I. The carbohydrates.

Exp. Parasitol. 1956, 5, 191–206. [CrossRef]
31. Terra, W.R.; Ferreira, C. Insect digestive enzymes: Properties, compartmentalization and function.

Comp. Biochem. Physiol. B 1994, 109, 1–62. [CrossRef]
32. Weiss, M.R. Defecation behavior and ecology of insects. Annu. Rev. Entomol. 2006, 51, 635–661. [CrossRef]

[PubMed]
33. O'Donnell, M.J.; Maddrell, S.H.P.; Gardiner, B.O.C. Transport of uric acid by the Malpighian tubules of

Rhodnius prolixus and other insects. J. Exp. Biol. 1983, 103, 169–184.
34. Rivers, D.B.; Thompson, C.; Brogan, R. Physiological trade-offs of forming maggot masses by necrophagous

flies on vertebrate carrion. Bull. Entomol. Res. 2011, 101, 599–611. [CrossRef] [PubMed]
35. Casu, R.E.; Eisemann, C.H.; Vuocolo, T.; Tellam, R.L. The major excretory/secretory protease from

Lucilia cuprina larvae is also a gut digestive protease. Int. Parasitol. 1996, 26, 623–628. [CrossRef]
36. Vistnes, L.M.; Lee, R.; Ksander, G.A. Proteolytic activity of blowfly larvae secretions in experimental burns.

Surgery 1981, 90, 835–841. [PubMed]
37. Chambers, L.; Woodrow, S.; Brown, A.P.; Harris, P.D.; Philips, D.; Hall, M.; Church, J.C.T.; Pritichard, D.I.

Degradation of extracellular matrix components by defined proteinases from the greenbottle larvae
Lucilia sericata used for the clinical debridement of non-healing wounds. Br. J. Dermatol. 2003, 148, 14–23.
[CrossRef]

38. Pinilla, Y.T.; Moreno-Perez, D.A.; Patarroyo, M.A.; Bello, F.J. Proteolytic activity regarding Sarconesiopsis
magellanica (Diptera: Calliphoridae) larval excretions and secretions. Acta Trop. 2013, 128, 686–691. [CrossRef]
[PubMed]

39. Ziffren, S.E.; Heist, H.E.; May, S.C.; Womack, N.A. The secretion of collagenase by maggots and its implication.
Ann. Surg. 1953, 138, 932–934. [CrossRef] [PubMed]

40. Kerridge, A.; Lappin-Scott, H.; Stevens, J.R. Antibacterial properties of larval secretions of the blowfly,
Lucilia sericata. Med. Vet. Entomol. 2005, 19, 333–337. [CrossRef] [PubMed]

41. Bexfield, A.; Nigam, Y.; Thomas, S.; Ratcliffe, N.A. Detection and partial characterisation of two antibacterial
factors from the excretions/secretions of the medicinal maggot Lucilia sericata and their activity against
methicillin-resistant Staphylococcus aureus (MRSA). Microbes Infect. 2004, 6, 1297–1304. [CrossRef] [PubMed]

42. Poppel, A.-K.; Vogel, H.; Wiesner, J.; Vilcinskas, A. Antimicrobial peptides expressed in medicinal maggots
of the blow fly Lucilia sericata show combinatorial activity against bacteria. Antimicrob. Agents Chemother.
2015, 59, 2508–2514. [CrossRef] [PubMed]
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medicinal maggots of the blowfly Lucilia cuprina (Diptera: Calliphoridae). J. Med. Entomol. 2013, 50, 571–578.
[CrossRef] [PubMed]

http://dx.doi.org/10.1603/0013-8746(2008)101[964:BODRIB]2.0.CO;2
http://dx.doi.org/10.1016/j.forsciint.2006.07.008
http://www.ncbi.nlm.nih.gov/pubmed/16952429
http://dx.doi.org/10.1016/j.jinsphys.2014.06.006
http://www.ncbi.nlm.nih.gov/pubmed/24968146
http://dx.doi.org/10.1080/00085030.2015.1083306
http://dx.doi.org/10.1016/0014-4894(56)90014-5
http://dx.doi.org/10.1016/0305-0491(94)90141-4
http://dx.doi.org/10.1146/annurev.ento.49.061802.123212
http://www.ncbi.nlm.nih.gov/pubmed/16332226
http://dx.doi.org/10.1017/S0007485311000241
http://www.ncbi.nlm.nih.gov/pubmed/21729395
http://dx.doi.org/10.1016/0020-7519(96)00035-5
http://www.ncbi.nlm.nih.gov/pubmed/7029766
http://dx.doi.org/10.1046/j.1365-2133.2003.04935.x
http://dx.doi.org/10.1016/j.actatropica.2013.09.020
http://www.ncbi.nlm.nih.gov/pubmed/24076089
http://dx.doi.org/10.1097/00000658-195312000-00023
http://www.ncbi.nlm.nih.gov/pubmed/13105247
http://dx.doi.org/10.1111/j.1365-2915.2005.00577.x
http://www.ncbi.nlm.nih.gov/pubmed/16134984
http://dx.doi.org/10.1016/j.micinf.2004.08.011
http://www.ncbi.nlm.nih.gov/pubmed/15555536
http://dx.doi.org/10.1128/AAC.05180-14
http://www.ncbi.nlm.nih.gov/pubmed/25666157
http://dx.doi.org/10.1007/s00018-009-0194-0
http://www.ncbi.nlm.nih.gov/pubmed/19921400
http://dx.doi.org/10.1603/ME12208
http://www.ncbi.nlm.nih.gov/pubmed/23802451


Insects 2017, 8, 37 15 of 16

45. Greenberg, B. Flies as forensic indicators. J. Med. Entomol. 1991, 28, 565–577. [CrossRef] [PubMed]
46. Christopherson, C.; Gibo, D.L. Foraging by food deprived larvae of Neobellieria bullata (Diptera: Sarcophagidae).

J. Forensic Sci. 1997, 42, 71–73. [CrossRef] [PubMed]
47. Greenberg, B. Model for destruction of bacteria in the midgut of blow fly maggots. J. Med. Entomol. 1968, 5,

31–38. [CrossRef] [PubMed]
48. Guerrini, V.H. Excretion of ammonia by Lucilia cuprina larvae suppresses immunity in sheep.

Vet. Immunol. Immunopathol. 1997, 56, 311–317. [CrossRef]
49. Fraenkel, G.; Bhaskaran, G. Pupariation and pupation in cyclorrhaphous flies (Diptera): Terminology and

interpretation. Ann. Entomol. Soc. Am. 1973, 66, 418–422. [CrossRef]
50. Greenberg, B. Behavior of postfeeding larvae of some Calliphoridae and a muscid (Diptera). Ann. Entomol.

Soc. Am. 1990, 83, 1210–1214. [CrossRef]
51. Hobson, R.P. On an enzyme from blow-fly larvae (Lucilia sericata) which digests collagen in alkaline solution.

Biochem. J. 1931, 25, 1458–1463. [CrossRef] [PubMed]
52. Waterhouse, D.F.; Irzkiewicz, H. An examination of proteolytic enzymes from several insects for collagenase

activity. J. Insect Physiol. 1957, 1, 18–22. [CrossRef]
53. Pendola, S.; Greenberg, B. Substrate-specific analysis of proteolytic enzymes in the larval midgut of

Calliphora vicina. Ann. Entomol. Soc. Am. 1975, 68, 341–345. [CrossRef]
54. Espinoza-Fuentes, F.P.; Terra, W.R. Physiological adaptations for digesting bacteria. Water fluxes and

distribution of digestive enzymes in Musca domestica larval midgut. Insect Biochem. 1987, 17, 809–817.
[CrossRef]

55. Ristenblatt, R.R., III; Pizzola, P.A.; Shaler, R.C.; Sorkin, L.N. Commentary on: Mark Benecke and Larry
Barksdale, Distinction of bloodstain patterns from fly artifacts. Forensic Sci. International. 137 (2003) 152–159.
Forensic Sci. Int. 2005, 14, 293–294.

56. Bevel, T.; Gardner, R. Bloodstain Pattern Analysis: With an Introduction to Crime Scene Reconstruction, 3rd ed.;
CRC Press: Boca Raton, FL, USA, 2008.

57. Li, R. Forensic Biology; CRC Press: Boca Raton, FL, USA, 2015.
58. Dametto, M.; David, A.P.; Azzolini, S.S.; Campos, I.T.N.; Tanaka, A.M.; Gomes, A.; Andreotti, R.; Tanaka, A.S.

Purification and characterization of a trypsin-like enzyme with fibrinolytic activity present in the abdomen
of horn fly, Haematobia irritans irritans (Diptera: Muscidae). J. Protein Chem. 2000, 19, 515–521. [CrossRef]
[PubMed]

59. Terra, W.R. Physiology and biochemistry of insect digestion: An evolutionary perspective. Braz. J. Med.
Biol. Res. 1988, 21, 675–734. [PubMed]

60. Padilha, M.H.P.; Pimentel, A.C.; Ribeiro, A.F.; Terra, W.R. Sequence and function of lysosomal and digestive
cathepsin D-like proteinases of Musca domestica midgut. Insect Biochem. Mol. Biol. 2009, 39, 782–791.
[CrossRef] [PubMed]

61. Barrilas-Mury, C.V.; Noriega, F.G.; Wells, M.A. Early trypsin activity is part of the signal transduction system
that activates transcription of the late trypsin gene in the midgut of the mosquito, Aedes aegypti. Insect Biochem.
Mol. Biol. 1995, 35, 241–246. [CrossRef]

62. Young, E.G.; Wentworth, H.P.; Hawkins, W.W. The absorption and excretion of allantoin in mammals.
J. Pharmacol. Exp. Ther. 1944, 81, 1–9.

63. Fujiwara, S.; Noguchi, T. Degradation of purines: Only ureidoglycollate lyase out of four allantoin-degrading
enzymes is present in mammals. Biochem. J. 1995, 312 Pt 1, 315–318. [CrossRef] [PubMed]

64. Elkins, K.M. Forensic DNA Biology: A Laboratory Manual; Academic Press: New York, NY, USA, 2013.
65. Young, E.G.; Conway, C.F. On the estimation of allantoin by the Rimini-Schruver reaction. J. Biol. Chem. 1942,

142, 839–853.
66. Li, H.; Jasper, H. Gastrointestinal stem cells in health and disease: From flies to humans. Dis. Model Mech.

2016, 9, 487–499. [CrossRef] [PubMed]
67. Buchon, N.; Broderick, N.A.; Lemaitre, B. Gut homeostasis in a microbial world: Insights from

Drosophila melanogaster. Nat. Rev. Microbiol. 2013, 11, 615–626. [CrossRef] [PubMed]
68. Tauc, H.M.; Tasdogan, A.; Pandur, P. Isolating intestinal stem cells from adult Drosophila midguts by FACS to

study stem cell behavior during aging. J. Vis. Exp. 2014. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/jmedent/28.5.565
http://www.ncbi.nlm.nih.gov/pubmed/1941921
http://dx.doi.org/10.1520/JFS14069J
http://www.ncbi.nlm.nih.gov/pubmed/8988575
http://dx.doi.org/10.1093/jmedent/5.1.31
http://www.ncbi.nlm.nih.gov/pubmed/5642175
http://dx.doi.org/10.1016/S0165-2427(96)05744-3
http://dx.doi.org/10.1093/aesa/66.2.418
http://dx.doi.org/10.1093/aesa/83.6.1210
http://dx.doi.org/10.1042/bj0251458
http://www.ncbi.nlm.nih.gov/pubmed/16744710
http://dx.doi.org/10.1016/0022-1910(57)90020-3
http://dx.doi.org/10.1093/aesa/68.2.341
http://dx.doi.org/10.1016/0020-1790(87)90015-1
http://dx.doi.org/10.1023/A:1026557600429
http://www.ncbi.nlm.nih.gov/pubmed/11195976
http://www.ncbi.nlm.nih.gov/pubmed/3071386
http://dx.doi.org/10.1016/j.ibmb.2009.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19815068
http://dx.doi.org/10.1016/0965-1748(94)00061-L
http://dx.doi.org/10.1042/bj3120315
http://www.ncbi.nlm.nih.gov/pubmed/7492331
http://dx.doi.org/10.1242/dmm.024232
http://www.ncbi.nlm.nih.gov/pubmed/27112333
http://dx.doi.org/10.1038/nrmicro3074
http://www.ncbi.nlm.nih.gov/pubmed/23893105
http://dx.doi.org/10.3791/52223
http://www.ncbi.nlm.nih.gov/pubmed/25548862


Insects 2017, 8, 37 16 of 16

69. Jiang, H.; Patel, P.H.; Kohlmaier, A.; Grenley, M.O.; McEwen, D.G.; Edgar, B.A. Cytokine/Jak/Stat signaling
mediates regeneration and homeostasis in the Drosophila midgut. Cell 2009, 137, 1343–1355. [CrossRef]
[PubMed]

70. Jiang, H.; Edgar, B.A. Intestinal stem cells in the adult Drosophila midgut. Exp. Cell Res. 2011, 317, 2780–2788.
[CrossRef] [PubMed]

71. Dowd, S.E.; Callaway, T.R.; Wolcott, R.D.; Sun, Y.; McKeehan, T.; Hagevoort, R.G.; Edrington, T.S. Evaluation
of the bacterial diversity in the feces of cattle using 16S rDNA bacterial tag-encoded FLX amplicon
pyrosequencing (bTEFAP). BMC Microbiol. 2008. [CrossRef] [PubMed]

72. Singh, B.; Crippen, T.L.; Zheng, L.; Fields, A.T.; Yu, Z.; Ma, Q.; Wood, T.K.; Dowd, S.E.; Flores, M.;
Tomberlin, J.K.; et al. A metagenomic assessment of the bacteria associated with Lucilia sericata and
Lucilia cuprina (Diptera: Calliphoridae). Appl. Microbiol. Biotechnol. 2015, 99, 869–883. [CrossRef] [PubMed]

73. Javan, G.T.; Finley, S.J.; Can, I.; Wilkinson, J.E.; Hanson, J.D.; Tarone, A.M. Human thanatomicrobiome
succession and the time since death. Sci. Rep. 2016. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.cell.2009.05.014
http://www.ncbi.nlm.nih.gov/pubmed/19563763
http://dx.doi.org/10.1016/j.yexcr.2011.07.020
http://www.ncbi.nlm.nih.gov/pubmed/21856297
http://dx.doi.org/10.1186/1471-2180-8-125
http://www.ncbi.nlm.nih.gov/pubmed/18652685
http://dx.doi.org/10.1007/s00253-014-6115-7
http://www.ncbi.nlm.nih.gov/pubmed/25306907
http://dx.doi.org/10.1038/srep29598
http://www.ncbi.nlm.nih.gov/pubmed/27412051
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Insect Artifacts 
	Regurgitate 
	Defecatory Stains 
	Transfer Patterns 
	Meconium 
	Larval Stains 
	Secretions 
	Excretions 


	Methods of Detection 
	Visual Methods 
	Contextual Methods 
	Chemical Methods 

	New Research 
	Chemical Analysis Based on Composition of Fly Fluids 
	Molecular Methods 
	Fly Microbiome 

	Conclusions 

