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Introduction
An increasing number of studies have shown that DNA profiles 

can be obtained from minute amounts of DNA, e.g. [1,2]. Evidently, 
this is of interest in the field of forensic genetics whereby the generally 
accepted methodology for collection is swabbing or cutting. With 
an assortment of swabs available on the market, this question is of 
interest to ensure that a maximum amount of DNA is collected and 
subsequently released from the swab. Allowing for greater quantities of 
DNA to be collected will result in profiles of better quality, which will 
be beneficial for investigative purposes and in court.

Previous studies have indicated that the capacity for collecting and 
releasing material may vary between collection devices [3-6]. More 
specifically, Hansson et al. [5] tested different collection methods, 
including the DryswabTM cotton swab (Medical Wire & Equipment, 
Corsham, UK) and the Scenesafe FASTTM Minitape (Scenesafe Ltd., 
Burnham-on-Crouch, UK). Additionally, Brownlow et al. [6] compared 
cotton and nylon flocked swabs for the collection of dried saliva. 
Nevertheless, very few studies, if any, have documented the efficiency 
of cotton swabs produced by different companies, for the collection and 
release of DNA. 

In cotton swabs, the cotton is meshed around the shaft with different 
levels of tightness, depending on the manufacturer. It is hypothesized 
that a tighter mesh makes the cotton almost hydrophobic, thereby 
decreasing the quantity of DNA collected.

The amount of DNA transferred during contact depends on a variety 
of parameters; good donor versus poor donor, type and area of the 

surface touched, previous touches, moisture levels, etc. [1,2]. Similarly, 
DNA concentrations from saliva have also been shown to vary between 
donor and between times of day [7]. We have therefore chosen blood as 
the biological material in order to reduce variability between samples in 
terms of initial DNA concentration, which is expected to fall between 
20-40 ng/μL as per Lee and Ladd [8]. Factors such as the visibility of
blood, which allows for more accuracy in determining the area to be
swabbed during collection, as well as accessibility to a sufficient number 
of blood samples, also played a role in the choice of biological material
for this study.

The goal of this study was to evaluate the performance of two kinds 
of cotton swabs used for forensic purposes in Switzerland and differing 
in their tightness. Performance was evaluated in terms of the swabs’ 
capacity to collect and subsequently release DNA as well as in terms of 
the quality of DNA profiles. The sterile medical applicator supplied by 
Applimed SA (Applimed SA, Châtel-Saint-Denis, Switzerland) and the 
DryswabTM sterile cotton swab supplied by Medical Wire & Equipment 

Abstract
Objective: The chance of obtaining a conclusive DNA profile strongly depends on the quantity of biological 

material that can be recovered from a crime scene sample. Optimizing the collection strategy is therefore of 
prime interest. A difference in the level of tightness of the cotton meshed around the shaft has been observed 
between manufacturers and is hypothesized to affect the collection and subsequent release capacity of cotton 
swabs. Consequently, we compared the performance of cotton swabs from two different suppliers: Applimed SA and 
DryswabTM. 

Methods: These swabs were used to recover 50 ml of blood, either pure or diluted (1:1000 and 1:5000), deposited 
on both smooth and absorbent surfaces. Performance was compared in terms of ease of use, concentration of 
extracted DNA, and quality of DNA profiles. DNA quantification was obtained by real-time PCR using the QuantifilerTM 
Human DNA Quantification Kit. Evaluation of DNA profiles was based on profiles obtained using AmpFlSTR® NGM 
SElectTM PCR Amplification kit.

Results: When considering smooth surfaces, recovered DNA was more concentrated when using the DryswabTM 
than the Applimed SA cotton swab. More precisely, DNA concentrations ranged from 15.7 to 28.8 ng/ml and 6.7 to 
21.2 ng/ml, respectively for samples of pure blood. The same trend was observed for the absorbent surface, with 2.0 
to 5.0 ng/ml and 0.9 to 1.4 ng/ml, respectively. 
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cotton fibres forming the swab is preferred.
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analyser (Life Technologies Europe B.V., Zug, Switzerland) using 
standard procedures. A reporting threshold of 30 RFU was used for 
reporting peaks as alleles on the electropherograms. 

Evaluating the quality of DNA profiles

DNA profiles were compared with the donor’s profile. For the 
evaluation of the quality of the profile it was assumed that the alleles that 
corresponded to the donor’s profile were from the donor and not drop-
in. For the purpose of evaluating the quality of DNA profiles obtained, 
the percentage of correct alleles was calculated as the proportion of 
alleles of the donor that were effectively detected at the amelogenin 
locus and the 16 autosomal loci of the AmpFlSTR® NGM SElectTM PCR 
Amplification kit (Life Technologies Europe B.V., Zug, Switzerland). 
The numbers of drop-out and drop-in alleles were also tabulated. Since 
each extract was amplified in triplicate, the average number of drop-out 
and of drop-in alleles of the three profiles obtained for each extract was 
calculated. Furthermore, the number of drop-out and drop-in alleles 
observed in the consensus profile (i.e. at least two occurrences out of 
the three profiles) was also calculated. 

Results and Discussion
Methodological advances in terms of low template DNA analysis [2] 

have led to an increase in sensitivity in DNA analysis and consequently 
an increase in the number of trace DNA samples collected at crime 
scenes. For instance, in 2013, about 85% of the 16,000 traces received at 
the Forensic genetics unit of the University Centre of Legal Medicine of 
Western Switzerland were epithelial cells collected on handled objects, 
touched surfaces or worn clothes. The collection step plays a crucial 
role in the quality of the profile obtained. In order to obtain high quality 
profiles from crime scene samples, maximum DNA must be collected 
and released from the collection method used. The present study 
hypothesized a potential difference in cotton swab performance based 
on the tightness of the cotton mesh around the shaft.

Sample collection

During the collection step, the DryswabTM was much more 
absorbent than the Applimed SA swab. The difference in absorbency 
was most apparent when the cotton swabs were humidified; the 
Applimed SA swab required to be rotated during deposition of the 
blood sample and the water used to humidify the swabs prior to 
collection. If the swab was not rotated, the drop of blood/water would 
sit on top of the swab and only partially sink in. On the other hand, 
the same volume of blood/water deposited on the DryswabTM would 
absorb much faster and without the need for as much rotation, if at all. 
This supports the hypothesis that tighter meshing causes the cotton to 
be almost hydrophobic.

Additionally, due to the looser meshing of the cotton fibres forming 
the bud of the DryswabTM the fibres separated during collection. This 
allowed a greater surface of the cotton to come into contact with the 
trace and hence improve efficiency during collection.

Concentrations of recovered DNA

Firstly, we were interested in determining the capacity for DNA 
release of the two tested swabs. DNA extracted from samples of pure 
blood and 1:1000 dilutions directly deposited on the DryswabTM showed 
concentrations between 28.8-53.7 ng/μl and 49-88 pg/ml, respectively. 
These concentrations are within (and above) the expected values as per 
Lee and Ladd [8]; however, DNA concentrations for samples directly 
deposited on the Applimed SA were between 6.9-21.2 ng/μl and 20-47 
pg/μl, respectively (Figure 1A). This suggests that approximately half 

(Medical Wire & Equipment, Corsham, UK) were selected as these are 
respectively used by the University Centre of Legal Medicine’s Genetic 
Unit of Western Switzerland and by the Swiss police. The Applimed SA 
swab is meshed more tightly. As such, it is expected that its capacity to 
collect and/or release DNA is inferior to the DryswabTM. Pure or diluted 
blood stains deposited directly on swabs, on microscope slides and on 
cotton were used for this purpose.

Material and Methods
Samples

Triplicates of all samples were prepared and collected by the same 
individual to prevent discrepancies based on variations in individuals’ 
collection method. The collector wore proper protective equipment 
(mask, gloves and lab coat) during preparation, collection and 
subsequent steps to prevent contamination.

Blood samples were all from the same donor. In order to simulate 
quantities of DNA recovered from contact traces, sterile water was 
added to obtain the following dilutions: 1:1000 and 1:5000.

In order to evaluate the capacity of DNA release from the cotton 
swabs, 50 μl of pure or diluted blood from one donor was dispensed 
directly on both types of cotton swab. Swabs were air dried over night at 
ambient temperature prior to DNA extraction. 

The capacity of DNA collection and subsequent release was 
evaluated as follows: 50 μl of pure or diluted blood from one donor 
was dispensed on microscope slides and on white cotton fabric. Prior 
to trace deposition, the microscope slides were washed with bleach, 
then with ethanol (70%) and were exposed to UV light for 30 minutes. 
The white cotton fabric was also exposed to UV light for 30 minutes 
before the blood was deposited. Samples were allowed to dry overnight 
at room temperature prior to collection.

The following day DNA was collected from the traces using the 
entire swab surface. The swab was humidified by depositing 50 μl of 
sterile water prior to being rotated on its long axis whilst swabbing 
over the trace back and forth [9] ten times for those traces on a smooth 
surface and 15 times for those on an absorbent surface. One single swab 
per item was used.

DNA extraction
DNA was extracted from the whole swab using the QIAGEN 

QIAshredder/QIAamp (Qiagen AG, Hombrechtikon, Switzerland) 
DNA extraction procedure, allowing for better recuperation of DNA 
than with only QIAamp [10]. Additionally, the Microcon-30 (Millipore 
AG, Zug, Switzerland) was used to concentrate and desalt the samples 
[11] in a 25 μl volume. 

DNA quantification
A volume of 2 μl of the extracted DNA was quantified using Applied 

Biosystems 7500 Fast Real-Time PCR system with QuantifilerTM 
Human DNA Quantification Kit (Life Technologies Europe B.V., Zug, 
Switzerland) following the manufacturer’s instructions. Each DNA 
extract was quantified in duplicate.

DNA Amplification and Capillary Electrophoresis

Volumes of 5 μl of DNA extracts were amplified in triplicate with 
AmpFlSTR® NGM SElectTM PCR Amplification kit (Life Technologies 
Europe B.V., Zug, Switzerland) using 30 PCR cycles on the GeneAmp® 
PCR System 9700 (Life Technologies Europe B.V., Zug, Switzerland) 
and the amplicons detected using the ABI Prism 3130xl genetic 
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Figure 1: Comparison of DNA concentration obtained from: (A) blood directly deposited on the cotton swabs; (B) blood deposited, dried and collected from a 
smooth surface (microscope slide); (C) blood deposited, dried and collected from an absorbent surface (white cotton). Values of zero indicate samples that were 
not quantified successfully and the shaded areas represent the expected DNA concentration [12].
Legend:   Applimed SA   DryswabTM 

 
 Average DNA Concentration   Expected DNA Concentration as per Lee & Ladd 2001
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the DNA material was trapped within the Applimed SA swab, based 
on the values of Lee and Ladd [8]. These data therefore support a better 
capacity for DNA release from the DryswabTM than the Applimed SA 
swab. The QuantifilerTM DNA quantification kit allows for reproducible 
results for samples with a DNA concentration between 100 and 5000 
pg/μl [12]. This probably explains, at least partly, the relatively large 
dispersion of the results obtained for the most concentrated samples.

As the samples become less concentrated (1:5000), the range of DNA 
concentration overlaps between swab types and the difference between 
the two swabs’ capacity for DNA release becomes minimal. More 
specifically, the DryswabTM released between 4-14 pg/μl of DNA whereas 
the Applimed SA released between 3-11 pg/μl of DNA (Figure 1A). 
Note that these concentrations are below the detection threshold of 23 
pg/ml for the quantification method used and should be considered 
with extreme caution [13]. 

Secondly, we were interested in determining the capacity for DNA 
collection on smooth surface and subsequent release of the two tested 
swabs. Generally, a higher concentration of DNA was obtained with 
the DryswabTM than with the Applimed SA swab (Figure 1B) which 
follows the trend observed regarding capacity for DNA release. This 
difference is more acute for samples which are more concentrated (pure 
blood and 1:1000). More specifically, the concentration ranges of DNA 
for samples of pure blood were 15.7-28.8 ng/μl and 4.2-5.7 ng/μl for 
samples collected from a smooth surface using the DryswabTM and for 
the Applimed SA, respectively. Samples of blood diluted to 1:1000 and 
collected from a smooth surface allowed the extraction of 26-72 pg/μl 
of DNA for the DryswabTM and 6-25 pg/μl of DNA for the Applimed 
SA swab (Figure 1B). As the initial DNA concentration decreases 
(1:5000) the quantity of DNA extracted begins to overlap between the 
two cotton swabs tested; however, the DryswabTM continues to generate 
more concentrated samples: these values range between 3-15 pg/μl and 
3-7 pg/μl, according to the type of swab. Again, these values are close 
to the detection threshold of the quantification method and should be 
considered with caution.

Thirdly, we were interested in determining the capacity for DNA 
collection on absorbent surface and subsequent release of the two tested 
swabs. In terms of samples of pure blood collected from an absorbent 
surface, concentrations between 2.0-4.9 ng/μl and 0.9-1.4 ng/μl were 
obtained, respectively for the DryswabTM and the Applimed SA swabs 
(Figure 1C). The difference in quantified DNA between smooth and 
absorbent surfaces is quite large (see values above) when considering 

pure blood samples. This can be attributed to blood being trapped in 
the meshes of the cotton fabric used for the absorbent surface. This 
underlines that when possible the cutting method should be used 
for traces on absorbent surfaces [14]. Moreover, the thinness of the 
absorbent surface resulted in further loss of sample as blood seeped 
through both layers of the cotton.

As for diluted samples used to simulate contact traces, DNA 
quantities obtained following collection from an absorbent surface 
were all below 8 pg/μl (Figure 1C), and therefore, with a few exceptions, 
below the expected concentrations [8]. This is true regardless of the 
swab used and the dilution factor. Generally, the highest concentrations 
were obtained when the DryswabTM was used. Collection from an 
absorbent surface with the Applimed SA swab resulted in the highest 
number of unsuccessful quantifications. 

Results of the three experimental design presented above suggest 
that the tightness of the cotton mesh of the bud has an effect, not only 
in its absorbency, as observed during collection, but also on its capacity 
to release DNA during extraction by QIAshredder/QIAamp; a tighter 
cotton mesh will result in an inferior capacity for DNA release. It is 
hypothesized that just as it is difficult for matter to absorb into the bud 
through the tight meshes of cotton, once it has absorbed, it is difficult for 
this matter to disperse out of these tight meshes. Hence, the DryswabTM 

demonstrates a better capacity for release than the Applimed SA swab 
due to a looser meshing of the cotton forming its bud. The comparison 
of the quantitative data obtained for the two swabs suggests that with the 
Applimed SA swab about half of the DNA from the original blood stains 
was left on the substrate at the time of collection and another half of this 
DNA was further lost within the swab when the stain was resuspended.

Quality of DNA profiles

Samples collected from pure blood stains were not amplified in this 
study as it was expected that high quality profiles would be obtained, 
regardless of the collection method. Nevertheless, quantification data 
and DNA profile quality can be poorly correlated, particularly with low 
level DNA samples [13].

The quality of DNA profiles obtained from diluted samples was 
evaluated in terms of average number of drop-out and drop-in alleles 
as well as total number of drop-out and drop-in alleles present in the 
consensus profile (Table 1). Since the donor is homozygous at two loci, 
this means the total number of (correct) alleles is 32 (including the 
amelogenin locus). 

Collection 
method

Smooth surface (microscope slide) Absorbent surface (white cotton)
DNA

conc. pg/μL Number of drop-out alleles Number of drop-in alleles DNA
conc. pg/μL Number of drop-out alleles Number of drop-in alleles

1:
10

00

Applimed SA 
swab

8.93 2.7 (2) 9 (3) - 29.3 (33) 6.3 (0)
16.93 2 (2) 3.3 (1) 3.33 25.7 (27) 15.7 (8)
22.69 3.7 (2) 7 (1) - 31 (34) 10.3 (1)

DryswabTM 
60.21 2 (2) 1.7 (0) 4.84 19 (19) 8.7 (3)
38.91 2 (2) 0 (0) - 21.7 (25) 9.7 (1)
55.57 2.7 (2) 2.7 (0) 3.89 27.7 (28) 8.3 (1)

1:
50

00

Applimed SA 
swab

5.58 17.7 (19) 5.3 (0) - 33 (34) 1 (0)
5.48 16.7 (17) 2 (0) - 32.3 (34) 1.3 (0)
4.71 19.7 (24) 3.3 (0) 3.45 33 (34) 0.3 (0)

DryswabTM 
7.58 5.3 (2) 5 (1) 6.81 22 (34) 10.3 (9)
9.84 5.3 (4) 5 (2) - 31 (34) 1.3 (1)
9.35 9 (7) 4.7 (0) - 28.3 (34) 0.7 (0)

Table 1: Evaluation of the quality of DNA profiles obtained from samples of diluted blood deposited on smooth and absorbent surfaces, and collected by two different cotton 
swabs. An average number of drop-out and drop-in alleles are given for the three profiles obtained per extract. The numbers in brackets represent the number of drop-out 
and drop-in alleles still present in the consensus profile. Note that extracts obtained from pure blood samples were not amplified.
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Table 1 shows that samples collected from smooth surfaces allowed 
for better quality profiles to be generated when compared to those 
collected from absorbent surfaces, i.e. fewer allelic drop-outs and drop-
ins. Similarly, a decrease in quality of profiles is also observed as the 
dilution factor increases. This is concordant with observations made 
in relation to the quantity of DNA extracted from these respective sets 
of samples.

In spite of the difference in the quantity of extracted DNA from 
samples deposited on smooth surfaces, only a small difference in the 
quality of profiles between the two swabs is observed for samples that 
are the least diluted (1:1000). The difference in quality of these profiles 
is attributed to a higher occurrence of drop-in for samples collected by 
the Applimed SA swab (Table 1). 

An obvious difference in profile quality obtained from the two 
cotton swabs tested during this study is observed when collecting 
traces from an absorbent surface; in fact, drop-out alleles are far more 
frequent in profiles generated from samples collected by the Applimed 
SA swab than by the DryswabTM. The extent of this difference is much 
greater than the difference in DNA concentration.

Conclusions
In order to establish whether the mesh tightness has an effect on 

a cotton swab’s capacity to collect and subsequently release DNA, the 
performance of the Applimed SA cotton swab and the DryswabTM cotton 
swab are compared. Performance is evaluated in terms of concentration 
of extracted DNA as quantified by real-time PCR using QuantifilerTM 
Human DNA Quantification kit and in terms of quality of DNA profiles 
generated using AmpFlSTR® NGM SElectTM PCR Amplification kit.

The capacity of DNA release is tested by adding blood samples 
directly to the swabs and allowed to dry prior to extraction. The DNA 
quantification results of these extracts show that the DryswabTM allows 
for better release than the Applimed SA swab. This is hypothesized to 
be due to the looser meshing of the cotton fibres in the DryswabTM; the 
looser meshing allows a greater contact surface between the swab and 
the DNA stain as the fibres separate during collection. Further, tighter 
meshing is hypothesized to trap DNA material during extraction.

In comparing the quantity of DNA extracted from samples 
collected from both smooth and absorbent surfaces, extracts from the 
DryswabTM demonstrate higher DNA concentrations. 

The quality of DNA profiles is assessed in terms of percentage of 
correct alleles, number of drop out alleles and number of drop in alleles. 
Results demonstrate that the DryswabTM out performs the Applimed 
SA swab with regards to the quality of DNA profiles, this is particularly 
true with regards to samples collected from the absorbent surface.

It can therefore be concluded that the tightness of cotton swab 
meshing has an influence on the quantity of DNA obtained and the 
subsequently generated DNA profiles. Consequently, the results of this 
study demonstrate the importance of testing, not only different types of 
collection methods made of different materials (e.g. minitape or nylon 
flocked swab versus cotton swab [5,6]), but also different brands of the 
same type of collection method. This is important as the manufacturing 
process might vary between swabs of the same type. In the case of 
cotton swabs, the present study demonstrates that looser meshing of 
the cotton is preferred.

Lastly, several studies including this one have demonstrated that 
the collection is variable and has an effect on the amount of DNA 
recovered. This demonstrates the importance of collaboration between 

laboratories and those responsible for trace DNA collection in order 
to allow for an optimized collection methodology, thus allowing 
for greater concentrations of recovered DNA and DNA profiles with 
higher power of discrimination. This collaboration is crucial because, 
generally, sample collection at crime scenes and the subsequent DNA 
analysis are not carried out by the same personnel.
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