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Abstract

Insect artifacts produced by necrophagous adult flies
over a variety of depositional surfaces are problematic in
crime scene investigations. Assessment of bloodstains
through morphological features combined with contex-
tual and presumptive chemical analysis, as traditional
practices, are often inconclusive. Absorbance of blood-
stains and substantial wicking on fabrics due to underly-
ing texture and repeated stitch loops in the fabric makes
the diagnosis even more difficult than stain morphology.

Literature related to the application of modern tech-
niques in the diagnosis of fly artifacts was critically re-
viewed and presented along with working efficacies and
challenges. Apart from the traditional morphological
comparison of bloodstains, findings on immunoassay,
scanning electron microscopy and DNA-based molecular
discrimination have been considered more confirmatory
differential diagnosis in crime scenes. Scanning electron
microscopic methods reveal distinctive features of small
crystal-like deposits with fly artifacts absent in blood-
stains. The immunodetection method tested positive
with antiserum (anti-md3) against defecatory and regur-
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gitate stains. Moreover, mitochondrial DNA cytochrome
c oxidase | (CO1) gene-based molecular diagnosis hold
promises in discrimination. However, these modern tech-
niques may be applied along with traditional methods to
overcome confusion as per suitability of sampling, follow-
ing conservative and non-conservative approaches that
may offer a real help to crime scene investigators.
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1. Introduction

Bloodstain artifacts are an artifactual spatter that
has no link to a crime and can mislead crime scene
investigators. These bloodstains are subjected to
an alteration from their original appearance and cat-
egorized as altered bloodstain patterns [1].

Due to their typical foraging behavior, insects
that are necrophagous dipterans contaminate
bloodstains at a crime scene thereby producing
unique stain pattern that may be categorized as
postmortem artifacts [2-4]. The Scientific Working
Group on Bloodstain Pattern Analysis (SWGSTAIN)
coined the term “Insect Stain” under their recom-
mended terminology. This is variably referred to by
several authors as fly artifacts, insect artifacts, fly
specks, fly spots, and is defined as “a bloodstain
resulting from insect activity” [2, 5-7]. Earlier, visual
methods based on morphology of fly artifacts such
as shape, size, color, tail-to-body ratio, and reflec-
tance etc., were given more preference to differen-
tiate between actual bloodstain pattern and insect
artifacts bloodstains, as little information was avail-
able on other differential diagnosis methods [6-9].
Both visual and contextual analysis with respect
to the crime scene and heme-based presumptive
chemical analysis often remained inconclusive with
false positive results [10-12]. Though some authors
have reviewed the morphological characterization
of fly artifacts, no empirical method for reliable dis-
tinction between fly artifacts and human bloodstains
was presented in those studies; they were predom-
inantly based on comparative morphologies of stain
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analysis [9,10,13]. Recently, the challenging field of
differentiating fly artifacts from actual bloodstains
more accurately has made commendable prog-
ress. Therefore, a review on these newly developed
techniques to identify fly artifacts from forensic as-
pects will be of immense practical importance for
researchers and forensic investigators.

2. Sources and Method of Literature Search

Two electronic databases, PubMed and Goo-
gle Scholar, were searched with keywords related
to the aim of study. The keywords included in the
search string were “bloodstain” and “fly artifacts”,
within a range from 2018 to 2021. Following inclu-
sion criteria, nine full text papers relevant to the re-
cent development on various confirmatory methods
in discrimination of fly artifacts from parent human
bloodstains were prioritized and extensively re-
viewed. Papers not meeting the criteria of an origi-
nal article in the relevant field were excluded.

3. Methods of Detection

In recent years, the forensic diagnosis of fly arti-
facts has evolved rapidly from morphological com-
parison to newer DNA-based molecular discrim-
ination. The methods of diagnosis, their efficacies
for actual casework, limitations and challenges are
enumerated in following sections.

3.1 Visual methods
Rivers & McGregor reported the regurgitate
stain (70.9 + 2.4%) as the most frequent type of in-
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Figure 1- Pie chart representation for the frequency distribution of fly artifacts observed by Rivers & McGregor in their
experiment [13]. Regurgitate stains are most frequently observed in fly contaminated crime scene.

sect stain, followed by the defecatory stain (19.8 +
4.0%), tarsal tracks (8.6 = 1.2%) and translocation
(0.7 £ 0.1%) (Figure-1) [13]. The study was carried
out with five necrophagous species (Calliphora
vicina, Sarcophaga bullata, Phormia regina, Chry-
somia rufifacies and Ch. megacephala). Artifacts
were collected after feeding them with a wide array
of adult diets e.g., fresh tissue (bovine liver), lig-
uid blood (bovine and human), powdered milk and
mouse carcass [13]. Among all the species, Calliph-
ora vicina and Sarcophaga bullata contributed to
most artifacts, as compared to Chrysomia rufifacies
(21.2 £ 2.2%) and Ch. megacephala (21.4 + 2.5%)
that mainly produced tarsal tracks after feeding on
human blood. Unique features of the defecatory
stain supported by Ltl:iLb (length of tail: length of
body) exceeding 1 were shown to be similar with
Ch. Megacephala, as argued by Benecke and
Barksdale [2]. However, the criteria were not met
in cases of Sarcophaga bullata that fed on mouse
carcass (0.92 + 0.7), Calliphora vicina that fed on

bovine blood (0.69 + 0.3) and Chrysomia rufifacies
that fed on bovine blood (0.89 +0.3) [13]. Moreover,
Phormia regina that fed on all the adult diets men-
tioned above did not show the uniqueness for the
defecatory stain. As suggested by Rivers & McGre-
gor, these variations were influenced by the type of
diet and depositional surfaces. The study carried
out on morphological dimensions of approximately
3,000 collected artifacts showed that more accurate
methods are necessary to discriminate such con-
founding artifacts that readily vary between differ-
ent species and conditions without relying on mor-
phological dimensions alone. Durdle et al. (2018)
demonstrated that fly artifacts (Lucilia cuprina) are
common to the proximity of food and light sources
and depend on ambient temperature with free avail-
ability of human blood, as in cases of indoor crime
scenes [14]. In a recently published report, Rivers et
al. (2020) have documented the patterns of fly arti-
facts (Calliphora vicina) on an array of textiles and
shirt fabrics [15]. In general, bloodstains are likely
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to get smudged or distorted or remain latent based

on color, knitting texture and repeated stitch loops
on different types of fabrics compared to smooth
and non-porous surfaces. So, these morphological
methods are very challenging in forensic discrimina-
tions between bloodstain and fly artifact. Highlights
of the findings of these works are presented below:

a) Satellite stains out of fly artifacts remain ab-
sent on any fabric under experimental conditions.
However, stain production relied on low-veloci-
ty passive drop mechanisms or occurred from di-
rect interaction with fabric surfaces [15]. b) Unique
three-dimensional defecatory stains were noticed in
adult flies that neither wetted nor wicked and were
distinct from spherical human bloodstains striking
any textile surfaces [15]. ¢) The absorbency and
wicking properties of cotton and polyester knit fab-
rics influenced the morphological appearance of
parent and secondary stains that originated as def-
ecatory artifacts [15]. d) The pattern of stains that
originated from digestive artifacts and tarsal tracks
could be discriminated on fabrics [15]. €) Based on
morphology, fly artifacts are most likely to be dis-
criminated from human bloodstains on white-light
colored fabric materials. However, in cases of sub-
stantial wicking, the absence of satellite stains on
less bright colored fabric makes the identification of
fly artifacts is very challenging [15].

3.2 Scanning electron microscopy (SEM)

Pelletti et al. (2019) were the first to introduce
the application of scanning electron microscopy
(SEM) for differential diagnosis of fly artifacts [16].
Artifacts produced by Sarcophaga carnaria on on
five different depositional surfaces e.g., A4 porous
paper, porous cardboard, non-porous glossy pho-
to paper sheet and non-porous transparent plas-
tic film, were analyzed along with control samples
(fresh human blood with no-fly activities) under

AJFSFM 2022; Volume 4 Issue (1)

SEM. The visual morphologies of artifacts (color,
tail, surface, shape and edges) were compared with
SEM images. Distinctive features of glomerular and
small crystal-like deposits were visible under low
magnification (40X to 300X), which were absent in
controls. Under high magnification (600X to 1200X),
features of clustered amorphous material and mi-
cro-crystals were observed. In contrast, red blood
cells (RBCs) appeared as clear biconcave discs,
maintained their own shape and appeared stacked
in “rouleaux”. RBCs were absent in fly artifacts. In
their subsequent studies, artifacts from Calliphora
vomitoria were analyzed on glass, metal, plaster,
cotton and polyester [17]. Amorphous crystals, and/
or micro-crystals whose morphologies are similar
to uric acid and cholesterol are confirmatory obser-
vations with FA. However, these observations were
not clearly confirmed on cotton fabrics. SEM analy-
sis on fabrics are generally cumbersome. Complete
absorption of bloodstain on fabrics often leads to
inconclusive result where biological residues could
not be observed either for features of RBCs or
amorphous crystal like material. This may confound
to distinguish between bloodstain and FA. Regard-
ing the limitations of the study, SEM should be per-
formed as the last diagnostic tool for its non-conser-
vative approaches in actual forensic casework.

3.3 Inmunodetection/ immunoassay

Rivers et al. (2018) introduced the immunode-
tection method (dot blot assay) with polyclonal an-
ti-md3 serum based on unique digestive cathepsin
D (antigen) found in dipteran flies [18]. In their study,
among the three polyclonal antisera developed
against cathepsin D aspartic proteinase, the highest
selectivity was noted with antiserum (anti-md3) gen-
erated against the synthetic peptide for amino acid
residues 148-163 of the mature fly enzyme, desig-
nated as md3. The method was tested on defecato-
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ry and regurgitate stains produced by Protophormia
terraenovae (necrophagous flies). High degree of
specificity was observed and it did not bind either
with translocation, tarsal tracks or other mammalian
blood. However, artifacts having the level of anti-
gen (digestive enzyme) below the lower threshold
needed for antisera recognition resulted in a false
negative. In their subsequent studies, dot blot assay
was validated over 27 species of flies representing
9 families [19]. However, artifacts from 4 fly species
did not bind the antiserum, which was explained by
the lower antigenic concentration. Surprisingly, two
species of flies from non-necrophagous or saproph-
agous (e.g., Anthomya illocata and a dolichopodid)
did react with antisera, having antigenic sharing.
As an additional advantage, this detection method
are applicable for age old stains deposited 7 years
back. It was confirmed with artifacts produced by
adult Sarcophaga bullata and hoped to help the pro-
cess of crime scene investigation on old stains.

In 2020, with a little modification, artifacts depos-
ited on household materials (plush carpet, cotton
t-shirt, unfinished dry wall, ceramic tile and untreat-
ed wood block) were transferred to filter paper via
lift technique for subsequent dot blot analysis [20].
Antisera (anti-md3) based diagnosis was confirmed
on artifacts produced by Calliphora vicina, Cynomya
cadaverina, Sarcophaga bullata, and Protophormia
terraenovae. The majority of artifacts (94.1+ 3.7%)
that were assayed regardless of fly species and
human body fluid tested positive (reacted with an-
ti-md3 serum). This statistical trend increases the
reliability of the method for confirmatory diagnosis.
On the other hand, tested human fluids (e.g., blood,
feces, saliva, semen and urine) did not react with
the antisera, negotiating chances of false positivi-
ty [20]. The authors added the fact that binding of
anti-md3 was proportionate to the optimum con-
centration of the antigen in digestive artifacts and

therefore needed to be validated for actual forensic
casework [20].

3.4 Molecular methods

Recently, Bini et al. (2021) applied the mitochon-
drial DNA cytochrome ¢ oxidase subunit | (MT-CO1)
gene-based molecular method for diagnosis of ar-
tifacts likely to be regurgitated and digestive defe-
cated types deposited by Calliphora vomitoria on
wooden and glass wall (fly box) under experimental
conditions [21]. The major percentage (94%) of fly
artifacts showed positive results against newly de-
signed primer pair to amplify the CO1 gene, which
contains species-specific single base variation.
Primers designed for their studies are as follows:
a) forward: primer C1-J-1751 having sequences
5'"GGATCTCCTGATATAGCTTTCCC 3’and length
23. b) Reverse: primer C1-N-2191 having sequenc-
es 5'CCCGGTAAAATTAAAATATAAACTTC 3’and
length 26 bases. Despite the fact of high sensitivity,
authors observed only a few artifacts with false neg-
atives but with no human DNA contamination and
were therefore considered as a confirmatory test.
MT-CO1 sequence on artifacts produced from other
biological fluids deposited on an array of substrates
at different sampling intervals were further suggest-
ed.

The summary of results on diagnostic methods
are presented in Table-1. A yearly publication trend
in the field is presented in Figure-2.

4. Further Developments

Bloodstain analysis is an important medico-legal
aspect with wide applications in civil and criminal
cases. ldentification and proper interpretation of the
source of questioned bloodstains precedes crime
scene reconstruction.

Fly artifacts are confounding to scene reconstruc-
tion as they interfere with bloodstains. It is not always

AJFSFM 2022; Volume 4 Issue (1)




Distinction of Fly Artifacts From Bloodstains in Crime Scenes: A Brief Literature Review [l

Table 1- Recent developments in various methods for forensic identification of fly artifacts.

Year of Methods ... .. Deposition surface N
Speci ficit Study highlights
Reference Country study applied pecies specificity analyzed y highlig
Rivers & Mc- USA, 2018  Visual/ mor-  Calliphora vicina Porous filter paper Morphology of stain /
Gregor Baltimore phological  Sarcophaga bullata visual methods alone
Chrysomya rufifacies are not confirmatory to
Ch. megacephala distinguish
Phormia regina
Durdle etal.  Australia 2018  Visual/ mor- Lucilia cuprina Simulated indoor - Ambjent temp. & proximity
phological crime scene of light and food sources
impacted on fly stain
Rivers etal. USA, Balti- 2018  Immunodetec-  Protophormia ter-  Laboratory experi-  peyelopment on Immuno
more tion/ raenovae ments diagnosis of anti-md3
Immunoassay reactivity against fly stain
attempted
Rivers et al. USA, 2018 Immunodetec- Wide ranges of flies  Laboratory experi-  a diagnostic approach
Baltimore tion/ (27 spp.. & 9 families) ments (immunodiagnosis) of an-
Immunoassay Musca domestica ti-md3 for detection of fly
Protophormia ter- artifacts was developed
raenovae
Sarcophaga bullata
Pelletti et al. Italy 2019 Scanning  Sarcophaga carnaria Different depositional gg\ analysis considered
electron surfaces under exper- g an useful differential
microscopy imental conditions diagnosis of fly artifacts
(SEM) irrespective of their type
Riversetal. USA, Balti- 2020 Immunodetec- Calliphora vicina Transfer of fly arti-  confirmed using anti-md3
more tion/ Cynomya cadaverina facts from household gerym for detection of fly
Immunoassay Sarcophaga bullata test materials to filter artifacts
Protophormia ter- paper
raenovae
Rivers etal. USA, Balti- 2020  Visual/ mor-  Calliphora vicina Characterization on  pjiscrimination although
more phological textiles/ fabrics challenging can be made
on white/ light colored fab-
rics. Wetted, wicking must
be carefully observed.
Bini et al. Italy 2021 Molecular  Calliphora vomitoria wooden & glass sur- Fly DNA-based approach
method/ DNA face walls under ex- (cQl) considered as con-
based perimental condition firmatory test
Pelletti et al. Italy 2021 Scanning  Calliphora vomitoria Hard surfaces and gg\ analysis considered
electron fabrics common to  4q gifferential diagnosis
microscopy crime scene under  for hard surfaces only but
(SEM) experimental condi-  inconclusive on fabrics

tion viz. metal, glass,
plaster, cotton and
polyester.
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Figure 2- Publication trends in recent years.

possible for a bloodstain analysis expert or trained fo-
rensic pathologist to be present at the crime scene.
Actually, there is no standardized and reproducible
methodology available for existing visual/stain mor-
phology assessment. Therefore, chances for inter-ob-
server differential human error are obvious, despite
skills. So, reliable scientific refinements on methods
for accurate differential diagnosis are necessary.
Recently, the field has evolved rapidly with sci-
entific investigations on development of advanced
diagnostic methods in forensics. Though the differ-
ential diagnosis between human bloodstains and fly
artifacts still remains a debate that demands more
scientific refinements, at the present there are vari-
ous options left, which are discussed in this review.

5. Conclusion

It is hoped that this review might help crime
scene investigators or forensic experts with compre-
hensive knowledge on updated methods in proper
recognition of questioned bloodstains suspected as

fly artifacts. Moreover, visual or contextual methods
may be applied in addition to modern techniques,
e.g., SEM analysis, immunoassay, molecular meth-
ods, as per suitability of sampling, following conser-

vative and non-conservative approaches.
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