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Abstract
Purpose We investigated the recovery and extraction efficiency of DNA from three metal surfaces (brass, copper, steel) 
relevant to forensic casework, and plastic (control) using two different swabbing systems; Rayon and Isohelix™ swabs, with 
sterile water and isopropyl alcohol respectively, as the wetting solutions.
Methods Twenty nanograms of human genomic DNA were applied directly to Isohelix™ and Rayon swabs; and to the 
metal and plastic substrates. All substrates were left to dry for 24 h, followed by single wet swabbing and extraction with 
the DNA IQ™ System. DNA extracts were quantified using real time quantitative PCR assays with SYBR green chemistry.
Results DNA was extracted from directly seeded Isohelix™ swabs with a high efficiency of 98%, indicating effective DNA-
release from the swab into the extraction buffer. In contrast, only 58% of input DNA was recovered from seeded Rayon swabs, 
indicating higher DNA retention by these swabs. Isohelix™ swabs recovered 32 – 53% of DNA from metal surfaces, whilst 
the Rayon swabs recovered 11—29%. DNA recovery was lowest from copper and highest from brass. Interestingly, Rayon 
swabs appeared to collect more DNA from the plastic surface than Isohelix™ swabs, however, due to the lower release of 
DNA from Rayon swabs they returned less DNA overall following extraction than Isohelix™ swabs.
Conclusion These results demonstrate that DNA samples deposited on metal surfaces can be more efficiently recovered using 
Isohelix™ swabs wetted with isopropyl alcohol than Rayon swabs wetted with sterile water, although recovery is affected 
by the substrate type.

Keywords Metal surfaces · Isohelix™ swab · Rayon swab · Collection efficiency · Release efficiency · Extraction efficiency

Introduction

Improved recovery of trace evidence from surfaces encoun-
tered in frontline practice has been a recurring theme of 
interest in forensic research. Trace evidence, such as touch 
DNA, results from the transfer of biological material to the 
surface of a substrate following human contact or handling. 
Recently, there has been a global increase in requests for 
forensic analysis of trace DNA [1, 2], attributed in part to 
the need to obtain investigative leads in cases presenting 
with no biological fluid stains [3]. Similarly, cold cases, 
with potentially degraded samples, are being resubmitted 

for trace DNA analysis [4]. Trace amounts of genetic mate-
rial retained on non-porous surfaces are typically recovered 
speculatively using five main methods [4], including swab-
bing [5, 6]. Sampling methods based on swabs remain the 
most utilized due to their relative cost-effectiveness, amena-
bility to robotic extraction techniques, and the ease of train-
ing requirements. Notwithstanding, the choice of swabs is 
primarily determined by practicality (often through in-house 
validation) and by the surface substrate harboring the evi-
dence sample.

Surface swabbing to collect biological material is a criti-
cal technique for crime scene investigations and a range of 
forensic analyses [7]. An extensive range of simple to use 
and easily transportable swabs are commercially available 
for DNA sampling from different substrates [6, 8–10]. Pre-
vious forensic casework, method development and valida-
tion studies have evaluated nylon flocked [7, 9–15], cotton 
[5, 9, 10, 12–14, 16–20], foam [10], rayon [10, 14, 21] and 
polyester (dacron) [10, 19] swabs as collection devices for 
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saliva [7, 9, 10, 13, 14, 19, 20], blood [20–22], vaginal [11], 
epithelial [10, 16] and acellular DNA [7, 15] on various 
substrates. Cotton swabs have been historically used as reli-
able collection devices; however, the cotton matrix is known 
to retain DNA (poor release efficiency) [9, 11, 23] and also 
leave fibers or impurities in the DNA extract which may 
result in PCR inhibition [7, 24]. Rayon swabs were mainly 
designed to improve microbial specimen recovery with bet-
ter ‘moisture-holding and maintenance’ capacity to prevent 
desiccation of microbes [25]; and to curtail the toxicity of 
conventional cotton swabs to some microbes [26]. Rayon 
swabs have also been reported to show improved retrieval 
and release of DNA compared to cotton swabs [7, 27, 28]. 
Foam based swabs, such as mini-popules, developed as a 
more efficient alternative, eliminate the drying requirements 
of cotton and forestall microbial degradation of sampled 
DNA [4, 29, 30]. These have been deemed to be ideal for 
sampling of porous surfaces due to the increased surface 
penetration afforded by the flexibility of the material [7, 
10]. The hydrophilic fibers of the nylon flocked swab have 
been documented to typically improve sample collection and 
release efficiencies [7, 11] similar to the non-chemisorbing 
matrix (designed for optimum adsorption and absorption) of 
dacron [7, 27, 28], but may leave fibers, especially on rough-
textured surfaces and metals [10]. The Isohelix™ DNA buc-
cal swabs (Cell Projects, Kent, UK) consist of a microporous 
membrane designed to quickly and actively dry the swab 
following sample collection, to stabilize and preserve the 
integrity of DNA on the swab while ensuring maximal 
yield [31] as shown in previous works [32, 33]. Swabs are 
typically used together with various buffer solutions during 
sample collection. The type of wetting agent used has been 
reported to be vital to the ability to release and recover DNA 
bound to a substrate [16, 17]. A double-swab method [34] 
is sometimes used; however, a recent study found that there 
was no significant difference between the latter and using a 
single wet swab [20].

Previous works have reported difficulty in the recov-
ery of DNA from metal surfaces utilizing various swabs 
and wetting solutions, in contrast to the relative ease of 
recovery and amplification from other substrates such 
as glass and plastic [4, 15, 35–37]. Metal substrates like 
doorknobs, jewelry, knives, firearms, and ammunition are 
routinely encountered in crime scenes either as part of 
the built environment, wearable material, and/or weapons 
used during the commission of a crime [4]. The apparent 
inability to obtain and amplify sufficient DNA from some 
metal substrates has been partly attributed to their phys-
icochemical properties [38–40] and the inefficiencies of 
the available recovery methods [4, 15]. Metals possess a 
range of ionization energies and affinities that impact their 
interaction with molecules like DNA that are negatively 
charged. For instance, the interaction of metal cations with 

the negatively charged phosphate backbone of DNA, has 
been noted to facilitate ionic bond formation that may hin-
der its release from metal surfaces, leading to poor DNA 
recovery from such substrates [4, 41]. Development and 
validation of new methods, as well as refinement of exist-
ing techniques has been suggested [4] given the current 
lack of consistency in choice of swabbing devices and wet-
ting solutions for metal substrates across different forensic 
laboratories.

Rayon swabs have been extensively studied, often with 
sterile water, for the standard sampling of DNA on non-
porous surfaces including metals (for example [7, 10, 29]), 
and are a common sampling device in many forensic labo-
ratories. In contrast, the Isohelix™ swab, despite its pros-
pects as noted earlier (see [31–33]), has had less extensive 
study for sample collection from porous or non-absorbent 
surfaces of forensic interest. Given that DNA recovery 
from metal surfaces is generally low and unpredictable 
[4], establishing an efficient DNA collection method is 
an important step towards improving trace DNA analysis. 
In this study, we examined the recovery of DNA from 
selected substrates using two swabbing systems currently 
employed in two major Australian forensic laboratories for 
the collection of trace DNA, these being the Rayon and 
Isohelix™ swabs wetted with sterile water and isopropyl 
alcohol respectively. This study investigated the collec-
tion and release efficiency of these swabs and the respec-
tive wetting agents for DNA recovery from three different 
metal surfaces and a plastic control substrate, including 
a consideration of the DNA extraction efficiency of the 
Promega DNA IQ™ System.

Materials and methods

Samples and reagents

Three different metal surfaces were selected for testing 
(brass, copper, steel) and plastic was used as a control. These 
metals were chosen as they represent common crime scene 
items [20]. We purchased small 2 × 2 cm plates of each metal 
from commercial suppliers. The plastic surface was a ster-
ile petri dish. Each substrate was cleaned with 20% sodium 
hypochlorite, rinsed with DNA-free ultra-pure water, wiped 
with ethanol and a Kimwipe™ (Kimtech Science, Australia) 
followed by UV irradiation to remove any background DNA 
on the surface. We used commercially available male Human 
Genomic DNA (2 ng/µL) (Promega, cat#: G1471), two dif-
ferent swabs—Isohelix™ SK-2S DNA/RNA Buccal Swab 
(Cell Projects Ltd., Harrietsham, United Kingdom) and 
Rayon swabs (Puritan, Guilford, USA) (Fig. 1) and the DNA 
IQ™ Extraction System (Promega) for all testing.
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DNA extraction efficiency of DNA IQ™

To examine extraction efficiency of the DNA IQ™ extrac-
tion kit, 20 ng (10 µL of 2 ng/µL) of male Human Genomic 
DNA was added directly to the Lysis/DTT buffer (n = 5 rep-
licates). To examine the DNA release and extraction effi-
ciency from the two swabs, aliquots of 20 ng (10 µL of 2 ng/
µL) of male Human Genomic DNA were directly applied 
to the Isohelix™ (n = 5) and Rayon (n = 5) swabs pre-wet 
with 70 µL of isopropyl alcohol and 90 µL of sterile water 
respectively, and left to dry for 24 h.

Collection and release efficiency of Isohelix™ 
and Rayon swabs

To examine the sample collection efficiency of swabs and 
the efficiency of the overall process of extraction and recov-
ery, 20 ng (10 µL of 2 ng/µL) of male Human Genomic 
DNA was applied to each substrate type (n = 5, for each swab 
type). Substrates were allowed to dry in a clean and sterile 
hood for 24 h before DNA was recovered using the Isohe-
lix™ SK-2S DNA/RNA Buccal Swab and Rayon swabs.

DNA sampling and extraction

For metal and plastic substrates, a single wet swab protocol 
was employed, with 70 µL of isopropyl alcohol and 90 µL of 
sterile (DNA-free) water added to the Isohelix™ and Rayon 
swab tips respectively. The volumes of wetting solutions 
used was determined in preliminary experiments to suitably 
moisten the respective swab heads for stain rehydration and 
material transfer to the collection devices. The DNA on each 
substrate was sampled for 30 s. For each substrate, extract 
negatives (n = 2) were obtained by swabbing areas on the 
substrate where DNA had not been applied. Individual swab 
tips were subsequently snapped into 2 mL microfuge tubes 
and extracted with the Promega DNA IQ™ System into 30 
µL elution buffer, following the manufacturer’s protocol 
[42]. DNA extracts were stored at -20 °C prior to quantifica-
tion. A single swab protocol was used because it is the case-
work protocol used by two Australian forensic laboratories 
for surface swabbing. Also, a recent study found that there 
was no significant difference between a double swabbing 
method and a single wet swab [20]. The ‘Isohelix swab with 
isopropyl alcohol’ and ‘Rayon swab with sterile water’ were 
selected based on their current use in forensic casework by 
two Australian forensic laboratories.

DNA quantification

DNA was quantified using real time quantitative PCR 
(qPCR) assays with SYBR green chemistry. The qPCR 
assays targeted a smaller (67 bp) and a larger (156 bp) Fig. 1  Isohelix™ and Rayon swabs
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human-specific nuclear DNA amplicon. These regions 
were selected because their primers have been thoroughly 
validated for use in previous human DNA quantification in 
forensic casework [43–45] (Table 1). The reactions were 
carried out in 10 μL volumes consisting of: 1 × Brilliant III 
Ultra-Fast SYBR Green Low ROX qPCR Master Mix (Agi-
lent Technologies, USA), 0.15 µM forward primer, 0.15 µM 
reverse primer, 16 ng/µL Rabbit Serum Albumin, and 1 µL 
extract or standard DNA. All samples, including negative 
and positive controls, were run in triplicate. Thermal cycling 
conditions were 95° C denaturation step for 4 min, followed 
by 45 cycles of 95° C for 10 s, 58° C for 20 s, and 72° C 
for 15 s. The specificity of primers to a single binding site 
was assessed using a post qPCR melt curve to visualize the 
dissociation kinetics.

The real time PCR was performed on a QuantStudio™ 
6 Flex Real-Time PCR System (Thermofisher Scientific). 
DNA concentration was determined using the comparative 
 CT method by comparing unknown samples to a standard 
curve using the QuantStudio™ 6 Flex Real-Time PCR Soft-
ware v1.3 and applying ROX as the passive reference. The 
standard curves comprised an eight-point, 3 × dilution series 
from 50 ng/µL to 0.023 ng/µL for each primer set, with each 
dilution level performed in five replicates. The resulting 
DNA concentration was multiplied by elution volume to 
estimate the yield for each sample.

Data analysis

DNA recovery data were analyzed using GraphPad Prism 
(version 8.0.0 (224)), presented as percentage DNA recov-
ery ± one standard deviations (SD), and visualized with 
interleaved bar graphs. Mann–Whitney tests were performed 
to test the significance of differences between collection and 
release efficiencies of the Isohelix™ and Rayon swabs on 
each substrate, and the degradation index (DI). The DI was 
determined as a ratio of the absolute quantity values (in ng) 
of the two quantified targets. The collection/release data of 
each swab was normalized on the DNA-IQ™ extraction effi-
ciency to determine their specific percentage efficiencies. 
We also calculated the percentage of DNA lost and retained 

for each of the three stages namely: DNA swabbing from 
substrates, release of DNA directly applied to swab and 
DNA extraction.

Results

The real time quantitative PCR assays were evaluated 
according to the MIQE guidelines [46]. Reliable quantifica-
tion was established from 50 ng (15,625 copies) to 0.023 ng 
(7 copies) of input DNA per reaction, with an acceptable 
linear range  (R2 = 0.0999). For both nuclear DNA targets 
the amplification was repeatable and reproducible over the 
five replicates analyses.

DNA extraction efficiency of DNA IQ™ kit

The efficiency of extraction of genomic DNA directly 
applied to the extraction medium (Lysis/DTT buffer) using 
the Promega DNA IQ™ was 88.7 ± 1.4% and 87.4 ± 2.4% 
for the 67 bp and 156 bp fragments, respectively (Sup-
plementary Table 1). There was no significant difference 
(p = 0.4603) in the percentage recoveries of the two targets.

Collection and release efficiency of Isohelix™ 
and Rayon swabs

Excluding the ~ 12% loss of DNA during the extraction pro-
cess, DNA recovery from the Isohelix™ swabs yielded high 
efficiency 97.9 ± 1.8% but this was reduced for the Rayon 
swabs to 57.7 ± 1.2% (Fig. 2, Supplementary Tables 2 and 
3). This percentage release of directly applied DNA was 
significantly higher (p = 0.0079) with Isohelix™ than the 
Rayon swabs. While levels of recovery were reduced with 
both swab types when the genomic DNA was applied to 
the substrates, the Isohelix™ swab still showed better col-
lection efficiency on metals than the Rayon swab (Fig. 2). 
More than 74% of the DNA applied to the plastic surface 
was recovered by the Isohelix™ with isopropyl alcohol 
compared to 50% recovery for the Rayon device with water 
(Fig. 2, Supplementary Tables 2 and 3). In contrast, DNA 
collection efficiency from the three metal substrates was 
only 32–53% with the Isohelix™ system, and 11–29% with 
the Rayon system (Fig. 2, Supplementary Tables 2 and 3). 
DNA recovery was poorest from copper surfaces with both 
swab systems (32% for Isohelix™ and 11% for Rayon). For 
all substrates tested, recovery efficiency was significantly 
higher (p = 0.0079) for Isohelix™ swabs with isopropyl 
alcohol than Rayon with sterile water.

Loss of DNA varied between the two swabbing systems 
for (i) recovery of DNA from the different substrates and (ii) 
release of DNA into the extraction buffers. For the Isohe-
lix™ system, DNA recovery from metal surfaces was low 

Table 1  Primers used for quantification of DNA.

Fragment length Primer name Primer Sequence 5’ – 3’

Nuclear DNA 67 bp HomoSap_CSF 
STR_F/ 
HomoSap_CSF 
STR_R

GGG CAG TGT TCC AAC 
CTG AGG AAA ACT 
GAG ACA CAG GGT 
GGT TA

Nuclear DNA 156 bp HomoSap 
DQARB1_105F/ 
HomoSap 
DQARB1_214R

AGG TTG CTA ACT ATG 
AAA CAC TGG CTG 
GTT TAG GAG GGT 
TGC TTCC 
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(29% for copper to 48% for brass) compared to plastic (67%), 
with most collected DNA (98%) released into the extrac-
tion buffers (Fig. 3, Supplementary Tables 2 and 3). For the 
Rayon system, DNA recovery from metal surfaces was also 
low (19% for copper to 49% for brass) but much higher for 
plastic (84%), but a high percentage of DNA (42%) was not 
released into the extraction buffers (Fig. 3, Supplementary 
Tables 2 and 3), resulting in low overall DNA yields.

Degradation index

The degradation index (DI) varied from 1.01 to 1.10 for all 
samples and averaged 1.02 ± 0.01 and 1.04 ± 0.04 for the 
Isohelix™ and Rayon swabs respectively for the substrates 
studied (Supplementary Table 4). There was no significant 
difference (p = 0.5476) between the DI of the two swab-
bing systems, indicating no difference in DNA degradation 
between the 156 bp and 67 bp qPCR targets.

Discussion

This study sought to explore the relative efficiencies of two 
swabbing systems currently used in Australian forensic labo-
ratories, particularly with respect to recovery of DNA from 
metal surfaces. Our results indicate that Isohelix™ swabs, 
wetted with isopropyl alcohol, perform significantly better 
at recovering DNA from brass, copper, and steel, than Rayon 
swabs wetted with water. However, DNA recovery efficiency 

using Isohelix™ was still only 32–53%, depending on 
the type of metal. Overall DNA recovery efficiency from 
swabbed surfaces is dependent on three main variables – the 
efficiency of DNA collection by the swab from the surface, 
the efficiency of DNA release from the swab to the extrac-
tion buffer and the efficiency of the DNA extraction system. 
The DNA IQ™ DNA extraction system recovered 88% of 
input DNA (Fig. 3), which is comparable with previous 
studies [47, 48] indicating high overall extraction efficiency. 
When DNA was extracted from directly seeded Isohelix™ 
swabs, similarly high efficiency was obtained, indicating 
effective DNA-release (98%, Fig. 3(A)) from the swab into 
the extraction buffer. In contrast, only 58% of input DNA 
was recovered from the seeded Rayon swabs, indicating 42% 
DNA retention by the swabs (Fig. 3(B)). Using the DNA 
IQ™ kit, a previous study [7] showed similarly low recovery 
of DNA from seeded Rayon swabs. In contrast, Frippiat and 
Noel [21] found significantly more DNA from Rayon swabs 
seeded with diluted solutions of biological fluids. The dis-
crepancy in the minimal release efficiency in this study and 
the latter ( [21]) may be accounted for by the differences in 
the DNA source (acellular DNA versus blood) and wait time 
between sample application and extraction (drying for 24 h 
versus immediate extraction). Thus, for acellular DNA, Iso-
helix™ swabs have a significantly higher release efficiency 
than Rayon swabs, 98% compared to 58%.

Previous work [10, 15, 37] has reported a higher recov-
ery of trace DNA from plastic substrates in contrast to 
metallic ones. The latter is partly attributed to the strong 
metal-DNA interaction that impedes the ability to dislodge 
and recover bound DNA from the substrate. Plastics, on 
the other hand, are inert for substrate ion -nucleic acid 
interactions permitting expedited sample retrieval [15]. In 
this study therefore, plastic surfaces were used as a control 
substrate to examine the relative sampling/collection effi-
ciencies of the two swabs. Approximately 73% and 49% 
of the DNA applied to the plastic surface was recovered 
by the Isohelix™ and Rayon swabs respectively, following 
DNA extraction (Fig. 2). Considering DNA losses due to 
retention by the swab and the extraction process, the Iso-
helix™ swabs recovered 29—48% of DNA from metal sur-
faces, whilst the Rayon swabs recovered 19—49% (Fig. 3). 
Interestingly, Rayon swabs appear to collect more DNA 
from the plastic surface than Isohelix™ swabs (84% com-
pared to 67%, Fig. 3), but due to the higher retention of 
DNA by Rayon swabs they return overall less DNA follow-
ing extraction (49% versus 73%). However, in all instances 
and for all the metal substrates, there was a significantly 
higher amount of DNA collected with Isohelix™ swab 
than with Rayon (Fig. 3). For both swab types, the lowest 
recovery was observed on copper substrates, consistent 
with the findings of Bille et al. [38] and Holland et al. 
[49], presumably due to copper-induced DNA damage [4]. 

Fig. 2  Collection and release efficiency of Rayon and Isohelix swabs 
where 20 ng human genomic DNA was either applied directly to the 
swab or swabbed from metal and plastic surfaces. These values are 
based on the quantification results of the 156 bp target and are nor-
malized for the percentage loss of DNA for each swab during the 
DNA IQ extraction process
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Despite finding no significant differences in the percent-
age recoveries of the 67 bp and 156 bp fragments, we 
determined the DI of the different swabbing systems and 
surfaces to ascertain the potential impact of degradation. 
If the concentrations of the small and large amplicons are 
approximately equal, a DI of ~ 1 indicates intact DNA [50]. 
Analysis of the DI showed no degradation of the DNA 
for the two swabbing systems for each substrate, and is 

consistent with the result obtained by Frippiat and Noel 
[21].

The difficulty in collecting sufficient DNA from metal 
surfaces like copper has been well documented [38, 49, 51] 
with a presently inconsistent success rate of at most 26% [4, 
52]. The Isohelix™ swabs were found to exhibit a higher 
recovery and extraction efficiency (32%) from copper sur-
faces compared to Rayon (11%) (Fig. 2), suggesting that 

Fig. 3  DNA loss and retention 
on metal and plastic substrates 
for (A) Isohelix™ swab pre-wet 
with isopropyl alcohol and 
(B) Rayon swab pre-wet with 
sterile water. The percentages 
in blue represent DNA loss due 
to (i) not being picked up by the 
swabs, (ii) not being released 
by the swabs and (iii) DNA 
extraction
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the former may be the ideal device for sampling DNA from 
problematic metal substrates. The efficiency of DNA recov-
ery using Rayon swabs has been studied for porous and non-
porous surfaces of forensic interest (for example [7, 10, 21]). 
However there is no previously published research evaluat-
ing the Isohelix™ and associated buffer systems for DNA 
sampling from porous or non-porous surfaces, especially 
metal surfaces which have been noted to be problematic for 
DNA recovery [4]. The manufacturer of Isohelix™ swabs 
claims that they have significant advantages over other sam-
pling devices in terms of the “efficiency of cell collection 
by the unique swab matrix, which combines with a quick 
release surface, to maximize yields of DNA” [53]. Moreo-
ver, the swabs are supplied DNA-free due to treatment with 
ethylene oxide (EtO), in contrast to the Rayon swabs. The 
specific impact of metal surfaces characteristics on the lim-
ited recovery efficiencies observed in this study is currently 
being further investigated.

A primary consideration for a laboratory’s choice of swab 
is its practicality [4] as related to the ease of use, fragility 
of swab stick and head (tip), as well as the ease of snapping 
off the tip following sample collection. The Isohelix™ swab 
was found to have a strong handle that allows firm and solid 
pressure to be applied during sample collection, as compared 
to the Rayon swab. Further, the Isohelix™ swab is designed 
to allow easier removal of the head for further processing via 
a manufactured breakpoint (groove) (Fig. 1) at the base of 
the head or by removing the sampling matrix from the shaft 
into the collection tube.

This study demonstrates that DNA samples deposited on 
metal surfaces can be efficiently recovered using the Isohe-
lix™ swab with isopropyl alcohol as the wetting agent. The 
resulting collection and release efficiencies are significantly 
better than using the Rayon swab with sterile water. How-
ever, further studies on ‘real-world’ cellular samples (for 
example saliva, blood, touch) are required to demonstrate the 
applicability of Isohelix™ for enhanced DNA recovery from 
a broader range of metal surfaces. The DNA used in this 
study is a pure genomic one for which a relatively high but 
consistent amount was applied to the substrates. It is there-
fore important to ascertain via further research regarding the 
performance of the Isohelix™ swab on lower amounts of 
both cellular and acellular DNA, as well as casework sam-
ples, which likely contain variable amounts of DNA and 
contaminants.

Conclusion

This study has shown that two types of swabs and wetting 
solutions, and the substrate type from which samples are col-
lected, can have a direct effect on the amount of DNA ulti-
mately recovered from an evidence item. Isohelix™ swabs 

used together with isopropyl alcohol have demonstrated the 
ability to efficiently recover more DNA from metal surfaces 
than Rayon swabs moistened with sterile water. The appli-
cation of the Isohelix™ swabs for copper surfaces, in par-
ticular, gives credence to its effectiveness in retrieving DNA 
from a problematic metal substrate.

Key Points

1  Metals surfaces are problematic substrates for trace 
DNA recovery.

2  Isohelix™ swab has 98% DNA release efficiency com-
pared to 58% from Rayon swabs.

3  On metal substrates, Isohelix™ and Rayon swabs col-
lect up to 53% and 29% of surface DNA respectively.

4  DNA samples on metal surfaces are best recovered 
using Isohelix™ swab system.

Acknowledgements This research was undertaken as part of Dan Bon-
su’s (DB) PhD funded by the Adelaide Scholarship International (ASI) 
at The University of Adelaide, Australia. The work was supported in 
part by the Bill Retalic Prize for Science and Justice awarded to DB. 
We thank Jennifer Raymond, Forensic Evidence & Technical Services, 
New South Wales Police Force, for technical assistance, advice, and 
comments on a previous version of this manuscript.

References

 1. Thompson M, Donley M, Redmond N, Welch K, Kahn R. Suc-
cess rates from touch DNA in property crimes. 2015. Avail-
able from: https ://www.prome ga.in/-/media /files /produ cts-and- 
servi ces/genet ic-ident ity/ishi-26-poste r-abstr acts/15-thomp son.
pdf. Accessed 16 May 2020.

 2. Comte J, Baechler S, Gervaix J, Lock E, Milon M-P, Delémont 
O, et al. Touch DNA collection – Performance of four different 
swabs. Forensic Sci Int Genet. 2019;43:102113.

 3. Butler JM. The future of forensic DNA analysis. Philos Trans R 
Soc B Biol Sci. 2015;370:20140252. 

 4. Bonsu DOM, Higgins D, Austin JJ. Forensic touch DNA recovery 
from metal surfaces – A review. Sci Justice. 2020;60:206–15. 

 5. Pang BCM, Cheung BKK. Double swab technique for collecting 
touched evidence. Leg Med. 2007;9:181–4. 

 6. Manohar Pandre GW. Evaluation of low trace DNA recovery tech-
niques from ridged surfaces. J Forensic Res. 2013;4:4–6. 

 7. Bruijns BB, Tiggelaar RM, Gardeniers H. The extraction and 
recovery efficiency of pure DNA for different types of swabs. J 
Forensic Sci. 2018;63:1492–9. 

 8. van Oorschot R, Phelan DG, Furlong S, Scarfo GM, Holding NL, 
Cummins MJ. Are you collecting all the available DNA from 
touched objects? Int Congr Ser. 2003;1239:803–7. 

 9. Brownlow RJ, Dagnall KE, Ames CE. A comparison of DNA 
collection and retrieval from two swab types (cotton and nylon 
flocked swab) when processed using three QIAGEN extraction 
methods. J Forensic Sci. 2012;57:713–7. 

 10. Verdon TJ, Mitchell RJ, van Oorschot RAH. Swabs as DNA col-
lection devices for sampling different biological materials from 
different substrates. J Forensic Sci. 2014;59:1080–9. 

https://www.promega.in/-/media/files/products-and-services/genetic-identity/ishi-26-poster-abstracts/15-thompson.pdf
https://www.promega.in/-/media/files/products-and-services/genetic-identity/ishi-26-poster-abstracts/15-thompson.pdf
https://www.promega.in/-/media/files/products-and-services/genetic-identity/ishi-26-poster-abstracts/15-thompson.pdf


 Forensic Science, Medicine and Pathology

1 3

 11. Benschop CCG, Wiebosch DC, Kloosterman AD, Sijen T. Post-
coital vaginal sampling with nylon flocked swabs improves 
DNA typing. Forensic Sci Int Genet. 2010;4:115–21. 

 12. Hansson O, Finnebraaten M, Heitmann IK, Ramse M, 
Bouzga M. Trace DNA collection-Performance of minitape 
and three different swabs. Forensic Sci Int Genet Suppl Ser. 
2009;2:189–90. 

 13. Mawlood SK, Alrowaithi M, Watson N. Advantage of forensix 
swabs in retrieving and preserving biological fluids. J Forensic 
Sci. 2015;60:686–9. 

 14. Garvin AM, Holzinger R, Berner F, Krebs W, Hostettler B, Lardi 
E, et al. The forensix evidence collection tube and its impact on 
DNA preservation and recovery. Biomed Res Int. 2013;2013.

 15. Wood I, Park S, Tooke J, Smith O, Morgan RM, Meakin GE. Effi-
ciencies of recovery and extraction of trace DNA from non-porous 
surfaces. Forensic Sci Int Genet Suppl Ser. 2017;6:e153–5. 

 16. Adamowicz MS, Stasulli DM, Sobestanovich EM, Bille TW. 
Evaluation of methods to improve the extraction and recovery 
of DNA from cotton swabs for forensic analysis. PLoS One. 
2014;9:e116351. 

 17. Thomasma SM, Foran DR. The influence of swabbing solu-
tions on DNA recovery from touch samples. J Forensic Sci. 
2013;58:465–9. 

 18. De Bruin KG, Verheij SM, Veenhoven M, Sijen T. Comparison 
of stubbing and the double swab method for collecting offender 
epithelial material from a victim’s skin. Forensic Sci Int Genet. 
2012;6:219–23. 

 19. Mulligan CM, Kaufman SR, Quarino L. The utility of polyester 
and cotton as swabbing substrates for the removal of cellular mate-
rial from surfaces. J Forensic Sci. 2011;56:485–90. 

 20. Hedman J, Jansson L, Akel Y, Wallmark N, Gutierrez Liljestrand 
R, Forsberg C, et al. The double-swab technique versus single 
swabs for human DNA recovery from various surfaces. Forensic 
Sci Int Genet. 2020;46:102253. 

 21. Frippiat C, Noel F. Comparison of performance of genetics 4N6 
 FLOQSwabsTM with or without surfactant to rayon swabs. J 
Forensic Leg Med. 2016;42:96–9. 

 22. Dadhania A, Nelson M, Caves G, Santiago R, Podini D. Evalua-
tion of Copan  4N6FLOQSwabsTM used for crime scene evidence 
collection. Forensic Sci Int Genet Suppl Ser. 2013;4:e336–7. 

 23. Daley P, Castriciano S, Chernesky M, Smieja M. Comparison of 
flocked and rayon swabs for collection of respiratory epithelial 
cells from uninfected volunteers and symptomatic patients. J Clin 
Microbiol. 2006;44:2265–7. 

 24. Rose L, Jensen B, Peterson A, Banerjee SN, Arduino MJ. Swab 
materials and Bacillus anthracis spore recovery from nonporous 
surfaces. Emerg Infect Dis. 2004;10:1023–9. 

 25. Roelofsen E, van Leeuwen M, Meijer-Severs GJ, Wilkinson MHF, 
Degener JE. Evaluation of the effects of storage in two differ-
ent swab fabrics and under three different transport conditions 
on recovery of aerobic and anaerobic bacteria. J Clin Microbiol. 
1999;37:3041–3. 

 26. Ellner P, Ellner C. Survival of bacteria on swabs. J Bacteriol. 
1966;91:905–6. 

 27. Puritan. Swab tip & handle materials. 2019. https ://www. 
purit anmed produ cts.com/produ ct-mater ials. Accessed 16 May 
2020.

 28. MWE. Dry swabs: Cotton swabs, rayon swabs, dacron swabs. 
https ://www.mwe.co.uk/micro biolo gy-lab-suppl ies/dry- 
swabs -cotto n-swabs -rayon -swabs -dacro n-swabs /. Accessed 16 
May 2020.

 29. Windram K, Miller S, Ward D, Silenieks T, Henry J. Compari-
son of Swab Types for the recover of trace DNA in Forensic 
Investigations. Biology Report: R73. Evidence Recovery and 
Biology Analytical Groups. Government of South Australia; 
2005.

 30. Ong YHM, Cook R, Silenieks T, Henry J, Hefford C. Evaluation 
of sampling techniques for trace DNA with robotic considerations. 
Biology Report: R75. Evidence Recovery and Biology Analytical 
Groups. Government of South Australia; 2006.

 31. Cell Projects Ltd.  IsohelixTM Swab Kit. https ://isohe lix.com/ 
produ cts/isohe lix-dna-bucca l-swabs /isohe lix-rapid r i- 
integ rated -swab-kit/. Accessed 16 May 2020.

 32. McMichael GL, Gibson CS, O’Callaghan ME, Goldwater PN, 
Dekker GA, Haan EA, et al. DNA from buccal swabs suitable 
for high-throughput SNP multiplex analysis. J Biomol Tech. 
2009;20:232–5. 

 33. Archer NS, Liu D, Shaw J, Hannan G, Duesing K, Keast R. A 
comparison of collection techniques for gene expression analysis 
of human oral taste tissue. PLoS One. 2016;11:e0152157. 

 34. Sweet D, Lorente M, Lorente JA, Valenzuela A, Villanueva E. An 
improved method to recover saliva from human skin: the double 
swab technique. J Forensic Sci. 1997;42:320–2. 

 35. Daly DJ, Murphy C, McDermott SD. The transfer of touch DNA 
from hands to glass, fabric and wood. Forensic Sci Int Genet. 
2012;6:41–6. 

 36. Jillian NG MPS. Yield of male contact DNA evidence in an 
assault simulation model. J Forensic Res. 2013;04:1–4. 

 37. Aloraer D, Hassan NH, Albarzinji B, Goodwin W. Improving 
recovery and stability of touch DNA. Forensic Sci Int Genet Suppl 
Ser. 2017;6:e390–2. 

 38. Bille T, Grimes M, Podini D. Copper induced DNA damage 
on unfired brass cartridge casings. 24th Int Symp Hum Identif. 
United States; 2014. pp. 24.

 39. Aruoma OI, Halliwell B, Gajewski E, Dizdaroglu M. Copper-
ion-dependent damage to the bases in DNA in the presence of 
hydrogen peroxide. Biochem J. 1991;273:601–4. 

 40. Verdon TJ, Mitchell RJ, van Oorschot RAH. The influence of 
substrate on DNA transfer and extraction efficiency. Forensic Sci 
Int Genet. 2013;7:167–75. 

 41. Anastassopoulou J. Metal–DNA interactions. J Mol Struct. 
2003;651–653:19–26. 

 42. Promega. DNA  IQTM system-Small sample casework protocol 
instructions for use of products DC6700 and DC6701. 2009.

 43. Higgins D, Rohrlach AB, Kaidonis J, Townsend G, Austin JJ. 
Differential nuclear and mitochondrial DNA preservation in post-
mortem teeth with implications for forensic and ancient DNA 
studies. PLoS One. 2015;10:1–17. 

 44. Swango KL, Timken MD, Chong MD, Buoncristiani MR. A 
quantitative PCR assay for the assessment of DNA degradation 
in forensic samples. Forensic Sci Int. 2006;158:14–26. 

 45. Niederstätter H, Köchl S, Grubwieser P, Pavlic M, Steinlechner M, 
Parson W. A modular real-time PCR concept for determining the 
quantity and quality of human nuclear and mitochondrial DNA. 
Forensic Sci Int Genet. 2007;1:29–34. 

 46. Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista 
M, et al. The MIQE guidelines: Minimum information for pub-
lication of quantitative real-time PCR experiments. Clin Chem. 
2009;55:611–22. 

 47. Ng LK, Ng A, Cholette F, Davis C. Optimization of recovery of 
human DNA from envelope flaps using DNA  IQTM System for 
STR genotyping. Forensic Sci Int Genet. 2007;1:283–6. 

 48. Bowden A, Fleming R, Harbison S. A method for DNA and RNA 
co-extraction for use on forensic samples using the Promega DNA 
 IQTM system. Forensic Sci Int Genet. 2011;5:64–8. 

 49. Holland MM, Bonds RM, Holland CA, McElhoe JA. Recovery of 
mtDNA from unfired metallic ammunition components with an 
assessment of sequence profile quality and DNA damage through 
MPS analysis. Forensic Sci Int Genet. 2019;39:86–96. 

 50. Lackey A. How to evaluate forensic DNA quality with quantifiler 
trio DNA quantification kit - Behind the bench. ThermoFisher 
Sci. 2018. https ://www.therm ofish er.com/blog/behin dtheb ench/

https://www.puritanmedproducts.com/product-materials
https://www.puritanmedproducts.com/product-materials
https://www.mwe.co.uk/microbiology-lab-supplies/dry-swabs-cotton-swabs-rayon-swabs-dacron-swabs/
https://www.mwe.co.uk/microbiology-lab-supplies/dry-swabs-cotton-swabs-rayon-swabs-dacron-swabs/
https://isohelix.com/products/isohelix-dna-buccal-swabs/isohelix-rapidri-integrated-swab-kit/
https://isohelix.com/products/isohelix-dna-buccal-swabs/isohelix-rapidri-integrated-swab-kit/
https://isohelix.com/products/isohelix-dna-buccal-swabs/isohelix-rapidri-integrated-swab-kit/
https://www.thermofisher.com/blog/behindthebench/how-to-evaluate-forensic-dna-quality-with-quantifiler-trio-dna-quantification-kit/


Forensic Science, Medicine and Pathology 

1 3

how-to-evalu ate-foren sic-dna-quali ty-with-quant ifile r-trio-dna-
quant ifica tion-kit/. Accessed 16 Sept 2020.

 51. Booth N, Chapman B. DNA recovery from fired hollow point 
ammunition. Aust J Forensic Sci. 2019;51:S107–10. 

 52. Dawson J. Who loaded the gun? Recovering DNA from bullet 
casings. Natl Inst Justice:. United States. 2016. https ://www.nij.
gov/topic s/foren sics/evide nce/dna/Pages /recov ering -dna-from- 
bulle t-casin gs.aspx. Accessed 16 May 2020.

 53. Cell Projects Ltd. Isohelix DNA Swabs and Sample Handling. 
2019. pp. 1–8.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Dan O. M. Bonsu1,2  · Denice Higgins1,3 · Julianne Henry4,5 · Jeremy J. Austin1

 Denice Higgins 
 denice.higgins@adelaide.edu.au

 Julianne Henry 
 julianne.henry@sa.gov.au

 Jeremy J. Austin 
 jeremy.austin@adelaide.edu.au

1 Australian Centre for Ancient DNA (ACAD), School 
of Biological Sciences, The University of Adelaide, 
Adelaide, South Australia, Australia

2 Department of Forensic Sciences, University of Cape Coast, 
Cape Coast, Ghana

3 School of Dentistry, Health and Medical Sciences, The 
University of Adelaide, Adelaide, South Australia, Australia

4 Forensic Science SA (FSSA), Adelaide, South Australia, 
Australia

5 College of Science and Engineering, Flinders University 
of South Australia, Adelaide, South Australia, Australia

https://www.thermofisher.com/blog/behindthebench/how-to-evaluate-forensic-dna-quality-with-quantifiler-trio-dna-quantification-kit/
https://www.thermofisher.com/blog/behindthebench/how-to-evaluate-forensic-dna-quality-with-quantifiler-trio-dna-quantification-kit/
https://www.nij.gov/topics/forensics/evidence/dna/Pages/recovering-dna-from-bullet-casings.aspx
https://www.nij.gov/topics/forensics/evidence/dna/Pages/recovering-dna-from-bullet-casings.aspx
https://www.nij.gov/topics/forensics/evidence/dna/Pages/recovering-dna-from-bullet-casings.aspx
http://orcid.org/0000-0002-4671-0521

	202206-embargo-hdl_130277-accepted-CH.pdf
	Evaluation of the efficiency of Isohelix™ and Rayon swabs for recovery of DNA from metal surfaces
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Samples and reagents
	DNA extraction efficiency of DNA IQ™
	Collection and release efficiency of Isohelix™ and Rayon swabs
	DNA sampling and extraction
	DNA quantification
	Data analysis

	Results
	DNA extraction efficiency of DNA IQ™ kit
	Collection and release efficiency of Isohelix™ and Rayon swabs
	Degradation index

	Discussion
	Conclusion
	Key Points
	Acknowledgements 
	References



