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Insect artifacts are officially categorized as bloodstains produced as a result of insect activity
[1]. This definition encompasses any insect that interacts with a corpse or associated exuded
blood, although flies, ants and cockroaches are the most common culprits [2]. The problem with
fly artifacts in particular is that they can be virtually indistinguishable from certain types of
human bloodstains. Insect stains produced by fly regurgitation or fecal elimination are
morphologically very similar to impact (i.e., forward, back, and mist-like spatter), projected,
sneezed, and expirated bloodstains [3-4], and cannot be reliably distinguished using presumptive
or confirmatory tests for identification of human blood [5-7]. The use of molecular methods,
namely DNA typing for person’s identification, does not overcome these limitations since viable
human DNA can be extracted from fly stains [7-9]. Insect transfer patterns that result in
translocation stains or tarsal tracks are presumed to be chemically indistinguishable from the
source (i.e., stain, fluid, or food) that the fly made direct contact with [10]. However, empirical
testing of such artifacts has not occurred.

The inability to consistently and reliably distinguish insect artifacts from human body fluid
stains represents a serious deficiency with respect to entomological contaminants at crime scenes
[10]. There has been modest success with a few methods designed for visual, contextual, or
chemical analysis of fly artifacts [11], but none are satisfactory based on several limitations. The
deficiencies include a lack of reliability, the fact that 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, and assessment of artifact morphology
is dependent on a very small pool of forensic experts. In addition, very few forensically

important species known worldwide have been assessed by the reported methods for discerning
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fly artifacts from human bloodstains or other bodily fluids. This makes it very difficult to come
to any consensus on the typical classification of fly artifacts or accurate methods of detection.
Some investigators have suggested that use of two methods in conjunction with one another (i.e.,
presumptive blood testing coupled with visual analysis) might improve the precision in
distinguishing fly artifacts from human bloodstains. While in theory this idea makes sense, the
reality is that the techniques alone or in combination still should be viewed as inconsistent and
non-quantifiable, especially in terms of the visual analysis component. As a consequence,
identification of insect artifacts at a crime scene relies on qualitative interpretation to distinguish
fly evidence from bloodstains.

One avenue that has not been explored with respect to insect artifacts is the development of
confirmatory tests based on the chemical composition of insect-derived stains. Regurgitate
stains deposited by Protophormia terraenovae Robineau-Desvoidy (Diptera: Calliphoridae) have
been shown to possess at least three digestive enzymes (trypsin-like, chymotrypsin-like, and
pepsin-like) that were also found in the crop of the adult fly, independent of the food source [12].
The pepsin-like enzyme appears to be a cathepsin D-like proteinase adapted for functionality in
the strongly acidic midgut environment of larvae and adult flies [13]. Sequence analyses of
digestive cathepsin D-like proteinase from the common house fly Musca domestica L. (Diptera:
Muscidae) show that the enzyme lacks the proline loop (of motif DxPxPx(G/A)P)) typical of
other insects as well as vertebrates, yielding a functional protein similar to vertebrate pepsin [14].
Thus, the cathepsin D-like proteinase in M. domestica is functionally similar to vertebrate pepsin
but is structurally a cathepsin D aspartic proteinase [15]. This proteinacious enzyme has been

shown to be localized in the crop of adult P. terraenovae, and to be deposited in regurgitate after
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ingesting bovine or human blood. Cathepsin D-like proteinase is predicted to be present in gut
secretions of all cyclorrhaphous Diptera that digest bacteria.

During this grant period, we proposed a program of research aimed at developing a
confirmatory diagnostic test based on antibody detection that allows for discrimination between
fly artifacts from bloodstains. Our approach 1) focused on polyclonal antibodies generated
toward M. dom-3, a synthetic peptide demonstrated in our preliminary research to have the
highest reactivity with the synthetic peptide and in detection of enzymes in fly regurgitate during
preliminary testing; 2) the resulting antibodies were used to develop western and dot blot
detection assays to distinguish fly artifacts from human bloodstains; 3) we characterized the
specificity of M. dom-3 antibodies in recognizing fly artifacts (both regurgitate and feces) from
several species of flies common to crime scenes in the United States; 4) we examined the
potential for polyclonal antibodies to distinguish fly artifacts from other human body fluids,
including saliva, semen and urine, and to assess the length of time after stain deposition that the
antibodies are useful in discriminating artifacts from human body fluid stains; and 5) evaluated
the utility of the polyclonal antibodies in detection of fly artifacts from a range of household
materials, including different floor covering (carpet types, ceramic and vinyl tiles, wood floors),
wall materials, and furniture fabrics. The experiments were designed to text our hypotheses that
fly antibodies generated against antigenic sites associated with the enzyme cathepsin D-like
proteinase can be used to discriminate fly artifacts produced by multiple species of flies from
human bloodstains and other bodily fluids.

As the first step toward developing a chemical test to recognize fly artifacts, polyclonal
antisera were generated in rats against three distinct antigenic sequences of fly cathepsin D-like

proteinase, an enzyme that is structurally distinct in cyclorrhaphous Diptera from other animals.
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The resulting rat antisera bound to artifacts produced by Protophormia terraenovae and synthetic
peptides used to generate the polyclonal antisera, but not with any type of mammalian blood
tested in immunoassays. Among the three antisera, anti-md3 serum displayed the highest
reactivity for fly stains, demonstrated cross-reactivity for all synthetic peptides representing
antigenic sequences of the mature fly enzyme, and bound artifacts originating from the fly
digestive tract.

The serum was then used to test the hypothesis that digestive artifacts produced by an array of
necrophagous flies associated with human decomposition could be detected with the
immunoassay. Anti-md3 serum was able to bind artifacts from twenty-seven species of flies
representing nine families. The antiserum reacted with both regurgitate and defecatory stains,
but not transfer patterns. Stains from four fly species displayed no reactivity with anti-serum in
dot blot assays. Anti-md3 serum did not bind to either human or bovine blood stains on filter
paper. However, when both types of blood were spiked with synthetic md3 peptide the
antiserum was able to bind. Dot blot assays displayed positive reactions with stains produced
from larvae and teneral adults of Sarcophaga bullata, and with artifacts as old as 7-years after
deposition. These observations indicate that the immunoassay permits distinction of artifacts
from a wide range of species from human bloodstains, from multiple development stages, and
from artifacts that remain at crime scenes for many months to years after deposition. Further
work is needed to determine whether the detection of fly artifacts using the antiserum is suitable
for non-laboratory conditions.

The confirmatory immunoassay was then used to determine if artifacts produced by four
species of necrophagous flies (Protophormia terraenovae, Calliphora vicina, Cynomya

cadaverina, and Sarcophaga bullata) could be distinguished from a range of human body fluids

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice.



2016-DN-BX-0181 Rivers et al

(e.g., blood, semen, urine, saliva, and feces). Adult flies were fed ad libitum human blood,
semen, urine, feces or saliva for 24 h at 25°C and permitted to deposit artifacts on a range of
household materials: ceramic tile, carpet (plush), t-shirt (cotton), wood block, and unfinished
drywall. A lift technique was developed that permitted transfer of fly artifacts from the test
materials to filter paper (Whatman #4 110 mm &) for dot blot analyses. Artifact transfers were
confirmed visually and with ALS using a 450 nm emission filter and an orange contrast filter.
All species readily deposited artifacts on all test household materials regardless of diet
consumed. Despite differences in texture and porosity of the household materials, artifacts of all
species transferred to saturated filter paper (Dulbecco’s PBS) with apparent equal efficiency
based on visual inspection. With all fly species, anti-md3 sera bound to artifacts produced after
feeding on semen, blood, feces, urine and saliva. Binding appeared proportional to the size of
the artifact transferred during the lifts. By contrast, none of the human fluids tested positive in
the immunoassays, nor did lifts from household materials not exposed to flies. There was no
evidence of false positives with any of the fly species tested, regardless of diet consumed.
Similarly, there was also no indication of false negatives with any of the dot blot assays.
However, flies did deposit artifacts not derived from the digestive tract on the test materials that,
as expected, did not yield positive reactions with the immunoassay. Such artifacts generally
cannot be visually distinguished from regurgitate and defecatory stains and thus can yield results
perceived as false negatives. These observations suggest that immunoassays using anti-md3 sera
coupled with a simple lift technique can be used effectively as a confirmatory assay to

distinguish fly regurgitate and fecal stains from human body fluid stains.

Implications for Criminal Justice Policy and Practice in the United States
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Current methods of visual, contextual, and chemical analysis of fly artifacts do not permit
reliable or quantifiable discrimination between the fly artifacts and human body fluid stains [11].
The results from this basic research will lead to the development of a detection assay that will
overcome the deficiencies of current methods. The antibody detection assay developed by this
research will not only lead to a confirmatory test for fly artifacts at crime scenes but is
anticipated to have similar ease of use as presumptive blood tests, will be highly specific,
repeatable, quantifiable, and will not require extensive training to use. Thus, any crime scene
responders will be able to perform the tests, permitting widespread adoption across the U.S.

This in turn will lead to independent and unbiased forensic analysis.

References

[1] AAFS Standards Board, Terms and definitions in bloodstain pattern analysis. ASB Technical
Report 033, 1% ed. Washington, DC: AAFS Standards Board, 2017; 1-9.
terminology. 1.A.B.P.A. Newsletter, 2008 June 14-17.

[2] Parker MA, Benecke M, Byrd JH, Hawkes R, Brown R. Entomological alteration of
bloodstain evidence. In: Byrd JH, Castner JL, editors. Forensic entomology: the utility of
using arthropods in legal investigations, 2™ ed. Boca Raton: CRC Press, 2010; 539-580.

[3] Fujikawa A, Barskdale L, Higley LG, Carter DO. Changes in the morphology and
presumptive chemistry of impact and pooled bloodstain patterns by Lucilia sericata
(Meigen)(Diptera: Calliphoridae). J Forensic Sci 2011; 56(5): 1315-1318.

[4] Rivers DB, 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 2018; 63(1):154-161.

[5] Benecke M, Barksdale L. Distinction of bloodstain patterns from fly artifacts. Forensic Sci
Int 2003;137: 152-159.

[6] Durdle A, van Oorschot RAH, Mitchell RJ. The transfer of human DNA by Lucilia cuprina
(Meigen)(Diptera: Calliphoridae). Forensic Sci Int: Genetics Suppl Ser 2009; 2: 180-182.

[7] Durdle A, van Oorschot RAH, Mitchell RJ. 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(4): 897-903.

[8] Durdle A, Mitchell RJ, van Oorschot RAH. The change in human DNA content over time in
the artefacts of the blowfly Lucilia cuprina (Meigen)(Diptera: Calliphoridae). Forensic Sci

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice.



2016-DN-BX-0181 Rivers et al

Int 2011; 3: €289-e290.

[9] 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 et Appl 2015; 157: 255-
262.

[10] Rivers DB, Geiman T. Insect artifacts are more than just altered bloodstains. Insects: Adv

Forensic Entomol 2017; 8(2), 37.

[11] Langer SV, Illes M. Confounding factors of fly artefacts in bloodstain pattern analysis.
Can Soc Forensic Sci J 2015; 48(5): 215-224.

[12] Rivers DB, Acca G, Fink M, Brogan R, Schoeffield A. Spatial characterization of
proteolytic enzyme activity in the foregut region of the necrophagous fly, Profophormia
terraenovae. J Insect Physiol 2014; 67: 45-55.

[13] Terra WR, Ferreira C. Insect digestive enzymes: properties,
compartmentalization and function. Comp Biochem Physiol B 1994; 109: 1-62.

[14] Padilha MHP, Pimentel AC, Ribeiro AF, Terra WR. Sequence and
function of lysosomal and digestive cathepsin D-like proteinases of Musca
domestica midgut. Insect Biochem Mol Biol 2009; 39: 782-791.

[15] Tang J, Wong RN. Evolution in the structure and function of aspartic proteases. J Cell
Biochem 1987; 33: 53-63.

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice.






Accessibility Report





		Filename: 

		255092.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 0



		Passed: 30



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



