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A B S T R A C T

The introduction of profiling systems with increased sensitivity has led to a concurrent increase in the
risk of detecting contaminating DNA in forensic casework. To evaluate the contamination risk of tools
used during exhibit examinationwe have assessed the occurrence and level of DNA transferred between
mock casework exhibits, comprised of cotton or glass substrates, and high-risk vectors (scissors, forceps,
and gloves). The subsequent impact of such transfer in the profiling of a target sample was also
investigated. Dried blood or touch DNA, deposited on the primary substrate, was transferred via the
vector to the secondary substrate, which was either DNA-free or contained a target sample (dried blood
or touch DNA). Pairwise combinations of both heavy and light contact were applied by each vector in
order to simulate various levels of contamination.
The transfer of dried blood to DNA-free cottonwas observed for all vectors and transfer scenarios, with

transfer substantially lower when glass was the substrate. Overall touch DNA transferred less efficiently,
with significantly lower transfer rates than blood when transferred to DNA-free cotton; the greatest
transfer of touch DNA occurred between cotton and glass substrates. In the presence of a target sample,
the detectability of transferred DNA decreased due to the presence of background DNA. Transfer had no
impact on the detectability of the target profile, however, in casework scenarios where the suspect
profiles are not known, profile interpretation becomes complicated by the addition of contaminating
alleles and the probative value of the evidencemaybe affected. The results of this study reiterate the need
for examiners to adhere to stringent laboratory cleaning protocols, particularly in the interest of
contamination minimisation, and to reduce the handling of items to prevent intra-item transfer.

ã 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The presence, accumulation and transfer of extraneous DNA
within a forensic laboratory is a fundamental issue as contami-
nating DNA can be detrimental to profile analysis and subsequent
investigative outcomes. Although the existence of background
DNA in a laboratory setting is deemed to be low [1,2], its mere
presence provides the opportunity for DNA transfer and the
potential to contaminate evidentiary samples. Furthermore, the
detection of previously undetected trace elements of DNA has
increased due to the recent introduction of more sensitive DNA
typing systems [3]. In such instances, the level of DNA in the

targeted sample influences the detectability of any contaminating
DNA,with contaminationmore likely to be detected in caseswhere
the target sample is present in only trace quantities.

Whilst some understanding of key variables affecting transfer
has been acquired, especially in relation to biological sample type,
sample moisture, substrate type and manner of contact [4–7], it is
clear that a greater understanding is required to assist evaluations
of potential scenarios where transfer plays a role [8]. Laboratory-
based simulations reconstructing crime-scene scenarios are useful
in the assessment of DNA transfer and the probability of attaining
positive DNA profiles in such instances [9], however very little has
been done to investigate transfer within the laboratory and its
potential to contaminate evidentiary samples.

Contamination within the laboratory may take place as a result
of unprotected speaking [10], through the presence of DNA on
unused laboratory gloves [11], and ineffective cleaning procedures
[3,12,13]. A recent preliminary study observed the transfer of dried
blood from and to cotton via tools used during examination
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(scissors, forceps and gloves), and indicated that if these instru-
ments are not adequately cleaned, they pose a high contamination
risk [14]. Here we extend this study by repeating preliminary tests
(transfer of dried blood to DNA-free secondary substrates) to
improve the assessment of the level of risk, and by performing
additional tests that explore the transfer of touch DNA, a greater
variety of heavy and light transfer scenarios, an additional
substrate type (hard/non-porous glass), and transfer to non-DNA
free secondary substrates, depositedwith blood or touch DNA, and
the effect this has on the profiling of a target sample.

2. Materials and methods

2.1. Deposition of blood

Venous blood (25mL) fromPerson A (male) or Person B (female)
was deposited on cotton drill (Lincraft, Australia), as per Szkuta
et al. [14]. An additional 25mL of blood from Person A was
deposited onto 1.5�1.5 cm areas of glass slides (7.6�2.6 cm,
MENZEL, Germany). Blood deposits were air-dried at room
temperature (18–24h). The same donors were used throughout
the course of the experiments. Donorswere not analystswithin the
laboratory where the experiments were carried out.

2.2. Deposition of touch DNA

2–12h prior to transfer experiments, male (Person A) or female
(PersonB)subjectswereaskedto (a)vigorously rubunwashedhands
over the surface of an A4 piece of cotton drill, adhered to a clean
plastic transparencyand furtheradheredtoabench,or (b)presswith
mediumpressure the surface of glass slides, adhered side-by-side to
a plastic transparency, multiple times in different directions.
Contacts were for 30 s. Following initial contact with the cotton
drill, the process was repeated on the alternate side before
1.5�1.5 cm cotton swatches were excised with a scalpel and placed
inplastic zip-lock bags. For consistency, only designated 1.5�1.5 cm
areas on the exposed surface of glass slides were used in transfer
experiments. Donors varied across experiments, however, those
selected were not analysts within the laboratory where the
experiments were carried out.

2.3. High-risk vectors

Twenty uniform pairs of metal scissors were sourced for use in
experimentation, along with disposable forceps (Multigate,
Australia)andnitrile,powder-freegloves(NI-TEK,Australia).Contact
with the cotton swatches occurred as previously described [14]. As
gloved hands tend to come into contact with both hard and soft
surfaces,whilst scissorsand forcepsaremainlyusedon light-weight,
fabric-based exhibits, experiments concerning transfer from and to
glass slides were investigated via gloves only. Only the exposed
surface of glass slides were sampled in the present study as DNA
sampling generally occurs on one side of exhibits composed of hard
surfaces; slides were contacted with medium pressure by a gloved
thumb (distal segment), with a single contact lasting 2–3 s. This is in
contrasttocotton,wheretheentireswatchwasincludedforanalysis;
any DNA deposited by contact with both sides of the swatch was
extracted and formed part of the generated profile.

2.4. Experimental design

Within each set of transfer experiments (Fig. 1), the primary
substrate (PS) contained a biological sample (primary deposit) and
transfer occurred to the secondary substrate (SS). As previously
described in Szkuta et al. [14], a single cut through, or touch of, the
PS represented light contamination of the vector, and multiple (8)

cuts or touches, represented heavy contamination of the vector.
Immediately following interaction with the PS, the secondary
substrate (SS) was similarly cut (or touched) once or multiple (8)
times by the vector, corresponding to light or heavy contact
respectively. Pairwise combinations of heavy and light transfer
were explored including heavy/heavy, heavy/light, light/heavy and
light/light. Four replicates were performed for each individual
transfer scenario.

In experiment 1, to assess the levels of DNA potentially
transferred, the SS was DNA-free in initial transfer events (Fig. 1,
Set 1a–d). Further testing exploring the effect on the profiling of a
target samplewas performed in experiment 2, by depositing blood
or touch DNA (regarded as the target sample) on the SS which was
similarly subjected to the transfer scenarios previously outlined
(Fig.1, Set 2a–d). In all instances, blood or touchDNA fromPerson A
(male) were deposited on the PS and from Person B (female) on the
SS. Transfers involving blood deposited on cotton (PS) to blood on
cotton (SS) were only performed via scissors under heavy/heavy
conditions (n =3) as it was predicted that the quantity of DNA
within the target sample would overwhelm the detection of any
transferred DNA (Fig. 1, Set 2a). Each set of tests in Fig. 1 were
performed on separate occasions in order to keep high-level and
low-level DNA samples separate.

2.5. Quality control

Scissors and disposable forceps were cleaned prior to use as per
laboratory protocols; immersion in 1% hypochlorite followed by
cleaning with 70% ethanol. Gloves were assumed to be DNA-free.
While scissors were cleaned (1% hypochlorite and 70% ethanol)
and reused between each set of tests, forceps and gloves were
single use. Additional layers of gloves were worn to avoid skin
exposure and potential contamination during changing of gloves.
Following cleaning and prior to use in each set of transfer tests,
negative control swabs were taken from the vector applied;
scissors (n =17), forceps (n =8) and gloves (n =44).

Cotton substrate (1.5�1.5 cm swatches or A4 pieces) and glass
slides were exposed to UV-light (>1h, both sides) to degrade any
DNA present prior to use in experimentation. Cotton swatches and
swabs of glass slides were further processed as negative controls in
each set of tests; 4 replicates per vector were performed in each set
of transfer tests (Fig. 1, Set 1a–d and 2a–d).

Cotton swatches and swabs of glass slides deposited with dried
blood (4 replicates) or touch DNA (6 replicates) from Person A or B
were processed as positive controls for each set of tests to
determine the presence and amount of DNA.

2.6. Sample processing

Cotton SS was placed directly into extraction tubes for
processing. The wet–dry swabbing technique (150C swabs, Copan,
USA) was used to collect samples from glass slides. Individual
swabs were packaged within envelopes and dried at room
temperature for up to 12h prior to extraction. DNA was extracted
using an automatedDNA IQTM (Promega, USA) extraction systemas
per manufacturer’s instructions, to a final volume of 50mL.
Samples were quantified with Quantifiler1 (Life Technologies,
USA) on an ABIPRISM17500 (Life Technologies, USA) using
Sequence Detection System (SDS) software (Life Technologies,
USA). Amplification and profiling was carried out using the
PowerPlex1 21 System (Promega, USA) as per manufacturer's
instructions, where a full profile is identified by the presence of
42 alleles. Amplified product detection and sizing was performed
with an ABIPRISM1 3500xL Genetic Analyser (Life Technologies
USA). For the purpose of amplification, 0.5 ng of template DNAwas
used or, in instanceswhere the concentration of samples fell below
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0.033ng/mL, 15mL of sample was used. Automated processing was
performed robotically on Biomek1NXP automated liquid handling
platforms (Beckman Coulter, USA).

2.7. Data analysis

Due to the PowerPlex1 21 amplification kit having a greater
sensitivity thanQuantifier1, a number of sampleswithin this study
produced low (�0.010ng/mL) quantification results and provided a
full profile. Supplementary Table 1 provides a comparison of
Quantifier1 and PowerPlex1 21 results. Due to unknown DNA
quantities being used during amplification, a definite amount of
DNA could not accurately be calculated for samples. As such, the
percentage of alleles transferred (%) was used as a comparison of
experimental variables affecting transfer.

GeneMapper ID-X software (Life Technologies, USA) was used
for genotyping with a baseline threshold of 175 RFU. Single source
profiles (experiment 1) were compared to individual reference
profiles from donors and the percentage of observed alleles
transferred, from a total of 42 transferable alleles (Person A), was
determined along with a total of their corresponding peak heights
(RFU).

In the analysis ofmultiple source profiles (experiment 2), alleles
shared by the two donors were omitted, as the donors’ relative
contribution could not be accurately determined. By omitting
shared alleles from contributor profiles, the potential allele
contribution for each donor was reduced from 42 (Supplementary
Table 2). The remaining alleles provided a unique profile for each
contributor. The total number of transferable alleles (Person A) is
indicated in the figure descriptions for each set of tests. Using these
unique profiles, the percentage of observed unique alleles within
sample profiles was determined for both Person A and B, along
with an average of their corresponding peak heights (RFU),
enabling the major and minor contributors to be observed. The
total peak heights obtained in single source profiles (DNA-free SS)
were also converted to average peak height for comparative
purposes.

An average of the four replicates performed for each transfer
scenario was used in statistical analysis. Replicate profiles
displaying zero alleles and indicating no detectable transfer, or
profiles affected by methodological malfunctions, were omitted
from analyses.

Statistical analyses were performed in SPSS v17.0 (SPSS Inc.,
Chicago). To examine the relationship between the various

[(Fig._1)TD$FIG]

Fig. 1. Schematic diagram of transfer experiments. As indicated in the vector column, transfer experiments were performed in sets of tests (1a–d and 2a–d). A = Person A
(male); B = Person B (female); *Results from cotton used as both primary and secondary substrates were taken from Set 1c. **Transfer of blood (primary deposit) to blood
(target sample) performed via scissors under heavy/heavy conditions only.
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experimental factors, allele transfer (%) and corresponding peak
heights (RFU), linear mixed model analysis was performed, as
substantial correlations between the variables (body fluid,
substrates, vectors and levels of contact) were found, and missing
data prevented the use of a standard repeated measures approach.
Model suitability was evaluated with Akaike’s Information
Criterion. Fixed effects were evaluated with F-statistics, and
covariance parameters with the Wald statistic. Pairwise compar-
isons of factor levelswere performed on estimatedmarginalmeans
to account for covariance with related factors, with Bonferroni
adjustment performed. Results from the transfer of dried blood on
cotton (PS) to blood on cotton (SS) via scissors (Fig. 1, Set 2a) were
omitted from statistical comparisons as not all transfer scenarios
were explored.

3. Results

3.1. Transfer of primary deposit from cotton to DNA-free cotton
(experiment 1)

In general, transfer was significantly higher for dried blood
compared to touch DNA (P<0.001), with transfer observed for all
vectors in all heavy and light transfer scenarios explored. Gloves
facilitated the greatest amount of transfer (87–99%), with little
impact of contact level on transfer amounts. In contrast, transfer
was low for forceps in all scenarios, and particularly when contact
was light (Fig. 2).

On average the transfer of touch DNA was minimal with 53%
fewer alleles transferred than dried blood. The greatest transfer of
touchDNAwas observed via forceps, with 76% of alleles transferred
under heavy conditions (Fig. 2). However, this is considered an
outlier as it is the result of a single replicate, with the other
replicates and transfer scenarios displaying no detectable transfer.
The quantity of touch DNA in the positive control samples
associated with forceps tests were lower than expected (Supple-
mentary Table 3) and may have resulted in the low levels of
transfer observed. Similarly to dried blood, the transfer of touch
DNA was consistently higher via gloves with little variation
between transfer scenarios (10–18%, Fig. 2).

Overall the various heavy and light transfer scenarios applied
were found to have a significant effect on the transfer of alleles
(P = 0.006) and the total peak heights of alleles transferred
(P = 0.044, Supplementary Table 4). Pairwise comparisons of allele
transfer revealed that transfer was significantly higher for heavy/
heavy combinations compared to light/heavy (P = 0.026) and light/
light (P = 0.007). This was not unexpected given the variation in

contact between heavy and light contamination, i.e., eight touches
of the PS compared to one touch. These trends were not observed
in the corresponding analysis of total peak heights, but this may be
skewed by the transfer of touch DNA between glass substrates; the
total peak heights were greater when light/heavy and light/light
combinations were applied, compared to heavy/heavy (Supple-
mentary Table 4).

3.2. Transfer of primary deposit from cotton to target sample on cotton
(experiment 2)

As indicated, transfers involving blood deposited on primary
cotton to blood on secondary cotton were only performed via
scissors under heavy/heavy conditions (n =3). The results were as
expected, with the target sample (Person B) overwhelming any
DNA of Person A, resulting in single source profiles from Person B
(data not shown).

The transfer of dried blood deposited on cotton (Person A) to
cotton containing touch DNA (Person B) was observed for all
vectors and transfer scenarios (Fig. 3), with the greatest and most
consistent transfer occurring via gloves (78–94%, Fig. 3E). In
contrast, the transfer of touch DNA was considerably less (Fig. 4).
While the transfer of touch DNA via forceps and gloves was
observed in all scenarios, only a small number of unique alleles
were detected on the SS following transfer via scissors; 7% in
heavy/light and light/light scenarios and none in the other
scenarios (Fig. 4A). Gloves consistently transferred a greater
amount (13–26%) (Fig. 4E).

There were significantly fewer unique alleles detected (�6%,
P = 0.008) and the corresponding average observed peak heights
were lower (�112 RFU, P =0.046) when the target sample (Person
B) was present on the SS compared to DNA-free, regardless of the
biological material (blood or touch) being transferred. Person B
was the major component in the all of the profiles obtained and
Person A the minor component, or absent. Statistical analysis
revealed the various transfer scenarios had no significant effect on
the percentage of alleles detected for Person B, or the correspond-
ing peak heights (all P > 0.05).

3.3. Influence of substrate on the transfer of biological material via
gloves (experiments 1 and 2)

Decreased transfer of dried blood occurred via gloves when
glass was used as either the primary or secondary substrate (0–
19%, Table 1), compared to cotton (87–99%, Table 1 and Fig. 2). In
contrast, the greatest transfer of touch DNA occurred between

[(Fig._2)TD$FIG]

Fig. 2. Observed allele transfer (%), from a total of 42 transferable alleles (Person A), via scissors, forceps and gloves in experiment 1 (Fig. 1, Set 1a–c); transfer of dried blood
and touch DNA deposited on cotton, to DNA-free cotton, through the application of various heavy and light transfer scenarios. Error bars represent the 95% standard deviation
between replicate analyses. Dried blood n =42 (of 48); touch DNA n =23 (of 48); remaining samples did not display detectable transfer. Additional data for other substrate
combinations is presented in Table 1.
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primary glass and secondary cotton substrates (82–99%, Table 1).
Other combinations of cotton and glass substrates revealed
considerably lower transfer rates (0–25%, Table 1 and Fig. 2).

Overall, transfer rates were considerably higher for touch DNA
than dried blood (P = 0.031), but thiswas highly skewed by the high
transfer of touch DNA between glass and cotton substrates
(P<0.001). Touch DNA resulted in a 1% increase in allele transfer
compared to blood in cotton to glass transfers; a 2% increase in
glass to cotton transfers; and an 82% increase in glass to glass
transfers. In contrast, blood showed 75% higher allele transfer
compared to touch DNA in cotton to cotton situations. These
patterns are consistent with the corresponding allele peak heights
(P<0.001, Supplementary Table 4). This indicates that the transfer
of dried blood occurs more readily from porous cotton, in
comparison to touch DNA where transfer rates are greater from
non-porous glass. In addition, cotton acquiresmore DNA fromboth
dried blood and touch DNA compared to glass.

With the greatest transfer of touchDNAobserved between glass
and cotton substrates, the equivalent substrate combination was
explored in experiment 2 with the added presence of a target
sample (touch DNA, Person B) on the SS (Fig. 1, Set 2d). This
resulted in the reduced detectability of Person A when the target
sample was present compared to DNA-free (Fig. 5). The detect-
ability of the target sample (Person B) was not affected (99–100%,
Fig. 5).

3.4. Controls

No DNA was detected in the profiles obtained from scissor
negative control samples (n =17), a single pair of control forceps
(n =8) displayed 1 allele (187 RFU) and 1–4 alleles (178–559 RFU)
were detected in seven profiles obtained from unused gloves
(n =44). Within the negative substrate controls, a single cotton
control profile (n =20) displayed 1 allele (175 RFU), whilst three

[(Fig._3)TD$FIG]

Fig. 3. Observed unique alleles (%) and an average of their corresponding peak heights (RFU), in DNA profiles generated from the transfer of dried blood (Person A) deposited
on primary cotton substrate, to a secondary cotton substrate deposited with touch DNA (Person B), through the application of various heavy and light transfer scenarios via
scissors, forceps and gloves in experiment 2 (Fig. 1, Set 2a–c respectively); total number of unique transferable alleles (Person A) scissors =15, forceps= 27 and gloves = 29.
Results from the transfer of dried blood (cotton) to DNA-free cotton in experiment 1 are included for comparative purposes. Error bars represent the 95% standard deviation
between replicate analyses. Scissors n =11 (of 16); forceps n =12 (of 16); gloves n =16 (of 16); remaining samples did not display detectable transfer.
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profiles obtained fromglass slides (n =12) displayed one allele each
(209–333 RFU). Due to robotic error, no results were obtained from
four cotton swatches (n =20) processed in the forceps experiments
(Fig. 1, Set 1b and 2b). None of the observed alleles in control
profiles matched the contributors in transfer experiments.

Positive control samples obtained from dried blood deposited
on cotton provided full profiles in all instances (Supplementary
Table 3). Slightly fewer alleles (93%, Supplementary Table 3) were
observed in samples obtained fromblood deposited on glass slides.
As expected, substantial variation was observed between the
various replicates of touch deposits, on both cotton and glass (35–
100%, Supplementary Table 3).

Non-donoralleles fromunknownsourceswereobserved in some
of the positive control profiles (Supplementary Table 3). The non-
donor alleles deposited via touch were expected as donors did not
wash their hands. However, the additional alleles of lowRFUpresent
in blood deposits were unexpected. Their presence suggest either

non DNA-free substrates, although substrate negative controls
indicate these are DNA-free, or post-deposit contamination,
although DNA contamination minimization procedures were
followed. The investigator was excluded based on profile compari-
son. In some instances unknown alleles detected in positive control
profilesobtainedfromPersonBmatchedalleles fromPersonA.These
alleles were omitted from the analysis of sample profiles in
experiment 2 (Supplementary Table 2). The relevant number of
unique alleles is indicated within figure descriptions.

4. Discussion

4.1. Transfer of primary deposit from cotton to DNA-free cotton
(experiment 1)

Experimental findings from the transfer of dried blood via
scissors, forceps and gloves are concordant with the results of

[(Fig._4)TD$FIG]

Fig. 4. Observed unique alleles (%) and an average of their corresponding peak heights (RFU), in DNA profiles generated from the transfer of touch DNA (Person A) deposited
on primary cotton substrate, to a secondary cotton substrate deposited with touch DNA (Person B), through the application of various heavy and light transfer scenarios via
scissors, forceps and gloves in experiment 2 (Fig. 1, Set 2a–c respectively); total number of unique transferable alleles (Person A) for scissors = 15, forceps= 21 and gloves =27.
Results from the transfer of touch DNA (cotton) to DNA-free cotton in experiment 1 are included for comparative purposes. Error bars represent the 95% standard deviation
between replicate analyses. Scissors n =2 (of 16); forceps n =10 (of 16); gloves n =14 (of 16); remaining samples did not display detectable transfer.
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Szkuta et al. [14], although direct comparisons can only be made
regarding heavy/heavy and light/light transfer scenarios. Whilst
the previous study demonstrated the greatest transfer of dried
blood via scissors, in the current study, gloves facilitated the
greatest transfer with an average of 21% more alleles compared to
scissors and 42%more than forceps. Variation in the characteristics
of the dried blood deposit and the substrate (hardening of the
cotton or the production of lint) may be a potential cause for the
differing results.

When cotton was applied as the primary and secondary
substrates, the transfer of dried blood was substantially higher
than touch DNA, as predicted from the higher DNA content of
blood. Furthermore, experiments conducted with blood used fixed
amounts (25mL) of deposits whilst the quantity of touch DNA
varied due to factors including the amount of time since subjects
last washed their hands and their individual shedder status [15].
The variation observed between replicates can be attributed to (i)
contact with the substrate occurring with different parts of the
hand, (ii) the length of contact time, and (iii) themanner of contact
(passive, pressure or friction) [5].

Gloves were a highly efficient transfer vector, with higher rates
from both blood and touch DNA across all transfer scenarios. The
flexible nature of the glove surfacemay be part of the reason for the
greater transfer via gloves, with the contours of the fingertip
enabling the substrate to slightly wrap around the fibers, making it
capable of contacting a larger surface area. A non-flexible surface is
not able to do this, contacting only the tips of the fibers.
Furthermore, the dimensions of the gloved thumb and index
finger are similar to the cotton swatches (1.5�1.5 cm), facilitating
greater transfer. In contrast, the comparative size of the scissor
blades and forceps tips meant that only a fraction of the vector
made contact with the cotton substrate (on both sides).

4.2. Transfer of primary deposit from cotton to target sample on cotton
(experiment 2)

Similar transfer patterns were exhibited when transfer
occurred to DNA-free cotton (experiment 1) and to cotton
containing a target sample (experiment 2), with dried blood
transferring a higher percentage of alleles compared to touch DNA,

Table 1
Observed allele transfer (%), from a total of 42 transferable alleles (Person A), via gloves in experiment 1 (Fig. 1, Set 1a–d); transfer of dried blood and touch DNA deposited on
cotton or glass, to DNA-free cotton or glass, through the application of various heavy and light transfer scenarios. Dried blood n =51 (of 95); Touch DNA n =54 (of 96);
remaining samples did not display detectable transfer.

Substrate combination Contact type (transfer scenarios) Observed alleles % (s.d.)

PS SS PS SS Dried Blood Touch DNA

Cotton Cotton* Heavy Heavy 99 (1) 18 (10)
Heavy Light 87 (15) 10 (10)
Light Heavy 93 (9) 12 (3)
Light Light 98 (2) 18 (12)

Cotton Glass Heavy Heavy 0 (0) 11 (0)
Heavy Light 7 (0) 0 (0)
Light Heavy 0 (0) 6 (0)
Light Light 10 (0) 0 (0)

Glass Cotton Heavy Heavy 5 (0) 89 (9)
Heavy Light 0 (0) 82 (19)
Light Heavy 7 (0) 93 (9)
Light Light 8 (2) 99 (1)

Glass Glass Heavy Heavy 0 (0) 15 (12)
Heavy Light 19 (0) 10 (5)
Light Heavy 0 (0) 25 (18)
Light Light 2 (0) 13 (3)

PS, primary substrate; SS, secondary substrate; s.d., standard deviation.
* Data for this substrate combination is also presented in Fig. 2.

[(Fig._5)TD$FIG]

Fig. 5. Observed unique alleles (%) and an average of their corresponding peak heights (RFU), detected in the DNAprofiles generated from the transfer of touchDNA (Person A)
deposited on primary glass substrate, to a secondary cotton substrate deposited with touch DNA (Person B), through the application of various heavy and light transfer
scenarios via gloves in experiment 2 (Fig. 1, Set 2d); total number of unique transferable alleles (Person A) =27. Results from the transfer of touch DNA (glass) to DNA-free
cotton in experiment 1 are included for comparative purposes. Error bars representing the 95% standard deviation between replicate analyses. 4 replicates of each transfer
scenario were included in the analyses of experiment 2 data (n =16).
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increased transfer from heavy contact compared to light for
scissors and forceps, and little variation in percentage transfer
between heavy and light contacts with gloves.

In considering the detectability of Person A representing the
contaminant sample, allele transfer and the corresponding average
peak heights were marginally lower in the presence of a target
sample compared to DNA-free (�6% and �112 RFU, respectively).
Whilst the detectability of transferred DNA decreased slightly, the
presence of any contaminating alleles within these profiles is still
of concern. The target sample (Person B) was consistently the
major component within the profiles obtained. As such, it can be
inferred that the level of contamination and subsequent contact by
the vectors had no impact on the target sample (Person B).
However, in casework scenarios where the suspect profiles are not
known, profile interpretation becomes complicated by the
addition of contaminating alleles and the probative value of the
evidence may be affected.

Results from this study indicate that inter-exhibit transfer, i.e.,
the transfer of DNA between exhibits via intermediary vectors, is a
possibility. However, if laboratory cleaning protocols are followed
the potential for inter-exhibit transfer/contamination is mini-
mised. Despite this, there is considerable potential for intra-exhibit
DNA transfer – themovement of DNA fromone part of an exhibit to
another. Such transfer can be detrimental to the quality of profiles,
especially when transfer occurs to an area further sampled for
trace DNA, as it can lead to the creation of misleading DNA
mixtures and potentially alter the interpretation of the DNA
profile/evidence. Furthermore, the possible occurrence of intra-
exhibit transfer is greater with touch DNA and trace samples as
they are less visible, thus increasing the probability of accidental
contact during examination.

4.3. Influence of substrate on the transfer of biological material via
gloves (experiments 1 and 2)

Unlike previous studies on the impact of substrates and DNA
transfer [4,5,7] which analysed quantities of DNA to determine
transfer rates, it was hypothesised and later confirmed that the
majority of samples in the current study would fall below the
amount accurately detectable using Quantifiler1. As yield could
not be determined, this study used percentage allele transfer
determined from profiles generated using the PowerPlex1

21 system. In addition, the use of examination tools as transfer
vectors, rather than direct substrate-to-substrate contact [4,5]
means that past and present studies are not absolutely compara-
ble, although some comparisons can be made on the influence of
substrate in the transfer of biological material via gloves due to
subtle similarities; the relative contact area on the substrate by the
vector and the surface composition of the glove (rubber).

A substantially greater transfer of alleles (%) was observed with
porous cotton as the primary and secondary substrate in the
transfer of dried blood, contrasting the findings of Goray et al. [4]
who found non-porous plastic as the primary substrate facilitating
greater transfer. It is possible that the flexible plastic resulted in
increased flaking compared to the rigid glass substrate [7],
although flaking was not reported by Goray et al. [4]. Within this
study, flaking of blood was not observed on glass with the sample
remaining adhered to the surface, whichmayexplain the reduction
in transfer when comparing the two studies.

The composition of the vector (gloves) is another factor to
consider when assessing transfer. In this case, the greatest transfer
of dried blood was observed by applying pressure contact between
porous cotton and non-porous rubber (glove), followed by transfer
between non-porous rubber (glove) and porous cotton.

The transfer of touch DNAwas highest with non-porous glass as
the primary substrate followed by porous cotton as the secondary

substrate. These results are concordant with the findings of Goray
et al. [5] where the combination of non-absorbent primary and
absorbent secondary gave the greatest transfer of touch DNA.
However, when taking the vector into consideration, the greatest
transfer of touch DNAwas observed between non-porous glass and
non-porous rubber (glove), followed by transfer between non-
porous rubber (glove) and porous cotton.

Examination of the positive control samples obtained from the
glass substrate (Supplementary Table 3) revealed a substantial
decrease in the percentage of alleles retrieved compared to cotton
for both dried blood (7% loss) and touch DNA (28–33% loss). Whilst
it has previously been shown that the amount of DNA retrieved
from touch deposits on cotton is higher than that from glass [16],
the decrease in alleles retrieved from the large volume of blood
deposited on glass in this experiment (25mL) is surprising. This
indicates that DNA loss is possibly occurring during sample
collection [17] and/or the DNA extraction process [7]. DNA-
containing material could also be transferred, and therefore lost,
during excision of the swab tip via scalpel (onto the sterile surface
of the scalpel packaging). Future investigations exploring transfer
between exhibits and surfaces during casework examinations
would be beneficial in assessing how much DNA is lost from an
exhibit during examinations.

A concerning finding of this study was the detection of
quantifiable DNA, and the ability to recover profiles, from the
swabbing of unused laboratory gloves. This is not an uncommon
occurrence as gloves have previously been shown to contain trace
levels of human DNA [11]. This not only highlights the risk of
manufacturer-based contamination but reiterates the need for
DNA free gloves and swabs. To help remove any DNA that is
potentially on the gloves one could consider cleaning the outer
surface after putting them on just prior to use. Such a cleaning
agent may be an appropriate concentration of hypochlorite [18].
However, one would need to perform tests to be assured that there
are no negative effects due to potential transfer of residual
hypochlorite to the exhibit being examined.

5. Conclusion

Results from this study demonstrate that DNA-containing
material can be transferred from exhibit to exhibit by scissors,
forceps and gloves. It is clear they pose a significant contamination
risk if not DNA-free before contact is made with the targeted
sample during exhibit examination, although the contamination
risk of this source is reduced/eliminated if the deposit area is not
touched. The reuse of instruments and further contact with other
areas of an exhibit, could potentially relocate DNA, which could
negatively affect the interpretation of relevant activities in some
instances.

With the introduction of more sensitive DNA typing systems
such as PowerPlex 211 the detection of contaminating DNA has
become more noticeable. The following recommendations should
be considered by laboratories to limit the risk of contamination by
DNA transfer during examination via scissors, forceps and gloves.

- Encourage awareness amongst staff of the potential sources of
contamination within the laboratory and during examination.

- Use of DNA-free scissors, forceps and gloves.
- Preferably use disposable forceps and scissors. When this is
impractical, ensure that they have been cleaned prior to reuse
using a validated method.

- Clean gloves with an appropriate cleaning agent prior to use.
- Change gloves every time after touching items or surfaces, prior
to touching the exhibit.

- Wear multiple layers of gloves to avoid skin exposure during the
changing of gloves.
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- When touching the exhibit with gloves or forceps, avoid
touching areas that are to be targeted for sampling.

Appendix A. Supplementary data

Supplementary data associatedwith this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.
fsigen.2015.02.004.

References

[1] A.L. Poy, R.A.H. van Oorschot, Trace DNA presence, origin, and transferwithin a
forensic biology laboratory and its potential effect on casework, J. Forensic
Ident. 56 (4) (2006) 558–576.

[2] M. Vandewoestyne, D. van Hoofstat, S. de Groote, N. van Thuyne, S. Haerinck, F.
van Nieuwerburgh, et al., Sources of DNA contamination and decontamination
procedures in the forensic laboratory, J. Forensic Pract. Res. (2011) (S2:001).

[3] K.N. Ballantyne, A.L. Poy, R.A.H. van Oorschot, Environmental DNAmonitoring:
beware of the transition to more sensitive typing methodologies, Aust. J.
Forensic Sci. 45 (3) (2013) 323–340.

[4] M. Goray, E. Eken, R.J. Mitchell, R.A.H. van Oorschot, Secondary DNA transfer of
biological substances under varying test conditions, Forensic Sci. Int.: Genet. 4
(2) (2010) 62–67.

[5] M. Goray, R.J. Mitchell, R.A.H. van Oorschot, Investigation of secondary DNA
transfer of skin cells under controlled test conditions, Legal Med. 12 (3) (2010)
117–120.

[6] R.A.H. van Oorschot, R. McArdle,W.H. Goodwin, K.N. Ballantyne, DNA transfer:
the role of temperature and drying time, Legal Med. 16 (3) (2014)
161–163.

[7] T.J. Verdon, R.J. Mitchell, R.A.H. van Oorschot, The influence of substrate on
DNA transfer and extraction efficiency, Forensic Sci. Int.: Genet. 7 (1) (2013)
167–175.

[8] G. Meakin, A. Jamieson, DNA transfer: review and implications for casework,
Forensic Sci. Int.: Genet. 7 (4) (2013) 434–443.

[9] M. Goray, J.R. Mitchell, R.A.H. van Oorschot, Evaluation of multiple transfer of
DNA using mock case scenarios, Legal Med. 14 (1) (2012) 40–46.

[10] M. Finnebraaten, T. Granér, P. Hoff-Olsen, May a speaking individual
contaminate the routine DNA laboratory? Forensic Sci. Int.: Genet. Suppl.
Ser. 1 (1) (2008) 421–422.

[11] R.Daniel,R.A.H.vanOorschot,Aninvestigationof thepresenceofDNAonunused
laboratory gloves, Forensic Sci. Int.: Genet. Suppl. Ser. 3 (1) (2011) e45–e46.

[12] T. Schwark, M. Poetsch, A. Preusse-Prange, T. Kamphausen, N. von Wurmb-
Schwark, Phantoms in the mortuary—DNA transfer during autopsies, Forensic
Sci. Int. 216 (1–3) (2012) 121–126.

[13] J. Cemper-Kiesslich, E. Tutsch-Bauer, F. Neuhuber, Another phantom from the
morgue—a case of instrument-born sample contamination in the course of
identifying an unknown deceased, Forensic Sci. Int.: Genet. 7 (3) (2013) 405–
407.

[14] B. Szkuta, M.L. Harvey, K.N. Ballantyne, R.A.H. van Oorschot, The potential
transfer of traceDNAvia high risk vectors during exhibit examination, Forensic
Sci. Int.: Genet. Suppl. Ser. 4 (1) (2013) e55–e56.

[15] M. Phipps, S. Petricevic, The tendency of individuals to transfer DNA to handled
items, Forensic Sci. Int. 168 (2–3) (2007) 162–168.

[16] D.J. Daly, C. Murphy, S.D. McDermott, The transfer of touch DNA from hands to
glass, fabric and wood, Forensic Sci. Int.: Genet. 6 (1) (2012) 41–46.

[17] R.A.H. van Oorschot, D.G. Phelan, S. Furlong, G.M. Scarfo, N.L. Holding, M.J.
Cummins, Are you collecting all the available DNA from touched objects, Int.
Congr. Ser. 1239 (2003) 803–807.

[18] K.N. Ballantyne, R. Salemi, F. Guarino, J.R. Pearson, D. Garlepp, S. Fowler, R.A.H.
vanOorschot, DNA contaminationminimisation – finding an effective cleaning
method, Aust. J. Forensic Sci. (2015) , doi:http://dx.doi.org/10.1080/
00450618.2015.1004195.

254 B. Szkuta et al. / Forensic Science International: Genetics 16 (2015) 246–254

http://dx.doi.org/10.1016/j.fsigen.2015.02.004
http://dx.doi.org/10.1016/j.fsigen.2015.02.004
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0005
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0005
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0005
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0010
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0010
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0010
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0015
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0015
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0015
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0020
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0020
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0020
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0025
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0025
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0025
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0030
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0030
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0030
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0035
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0035
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0035
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0040
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0040
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0045
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0045
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0050
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0050
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0050
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0055
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0055
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0060
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0060
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0060
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0065
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0065
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0065
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0065
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0070
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0070
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0070
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0075
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0075
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0080
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0080
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0085
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0085
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0085
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0090
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0090
http://refhub.elsevier.com/S1872-4973(15)00033-2/sbref0090
http://dx.doi.org/10.1080/00450618.2015.1004195

	DNA transfer by examination tools - a risk for forensic casework?
	1 Introduction
	2 Materials and methods
	2.1 Deposition of blood
	2.2 Deposition of touch DNA
	2.3 High-risk vectors
	2.4 Experimental design
	2.5 Quality control
	2.6 Sample processing
	2.7 Data analysis

	3 Results
	3.1 Transfer of primary deposit from cotton to DNA-free cotton (experiment 1)
	3.2 Transfer of primary deposit from cotton to target sample on cotton (experiment 2)
	3.3 Influence of substrate on the transfer of biological material via gloves (experiments 1and 2)
	3.4 Controls

	4 Discussion
	4.1 Transfer of primary deposit from cotton to DNA-free cotton (experiment 1)
	4.2 Transfer of primary deposit from cotton to target sample on cotton (experiment 2)
	4.3 Influence of substrate on the transfer of biological material via gloves (experiments 1and 2)

	5 Conclusion
	Appendix A Supplementary data
	References


