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Abstract
Background: We analyzed the correlation between several factors (donor age and gender, and handling time) and trace DNA 

concentration that participants left on different surfaces (paper, plastic, plastic coated metal) while holding items in their hands or 
rubbing them with their fingers, their palms, and the side of the palm of the dominant hand. 

Material and Methods: Sixty participants took part in the study. Items were swabbed with a moistened cotton swab. DNA 
was isolated using the Chelex procedure and quantified by real-time PCR.

Results: We found that DNA concentration transferred to an item was independent of the handling time. On the contrary, it 
was dependent on the item’s texture; the greatest concentration was left on plastic coated metal and the least on paper. The greatest 
concentration of trace DNA was left by participants from 35 to 44 years of age. Results of the study showed that men deposit a 
higher DNA concentration than do women. 

Conclusion: Item texture, donor age, and gender influence trace DNA concentration. Further investigations are necessary to 
fully understand the process of DNA transfer from donors to handled items.
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Introduction
Currently, the analysis of trace DNA is an important 

direction in crime scene investigation. In forensic casework, 
geneticists are working every day with trace DNA found 
on different items [1-3]. As we already know, the duration 
of contact between a perpetrator and an item is always 

questionable, depending on the item and the nature of the 
contact [4,5]. 

Trace DNA represents a very limited or invisible 
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biological sample, a small concentration of DNA less than 
100 pg [6]. In addition, a trace DNA sample may be defined as 
any sample which falls below recommended thresholds at any 
stage of the analysis, from its detection to further analysis and, 
finally, DNA profiling [7]. DNA can be transferred from palms 
to an item that someone had held or just touched, even after a 
short, single skin contact with the item [10-14]. Moreover, it is 
possible to transfer trace DNA onto a primary surface by palm 
abrasion and sweating [15]. This process is called shedding 
and people whose DNA is transferred are called shedders [15-
17]. 

It seems that trace DNA has several sources: 
corneocytes [1], anucleate keratinocytes which contain residual 
concentration of DNA and are daily sloughed off the skin’s 
surface in large numbers and transferred from palms onto a 
touched surface by sweat [18], other types of nucleated cells 
[2,15,19], and sweat that contains cell-free DNA [3,20].

Previous studies have focused mainly on the donor’s 
skin type [14,18,21], item texture [8,10,15,22], handling time 
[14,15,19,23], activities of the individual prior to contact with 
an item. 

The DNA concentration left on touched items differs 
from one person to another. However, the exact cause of 
this difference is still an open question [13]. This suggests 
that classification of people as good or bad shedders is more 
difficult than had been thought before. In fact, the same person 
can act as a good shedder as well as a bad shedder depending 
on when the person is tested. 

It is interesting that trace DNA can be found on items 
of different textures.  DNA profiles have been successfully 
obtained from touched items such as glass, wood, fabric [10], 
paper [22], tools, handbag handles [24, 25], as well as knife 
handles [26].

In order to increase the probability of establishing the 
identity of a perpetrator, it is necessary to collect as much trace 
DNA evidence as possible. To achieve this, it is important 
to recognize items that may contain skin cells, collect them 
as evidence and use proper sampling methods for optimal 
recovery of skin cells [27]. If a person who committed a crime 
left a sufficient number of DNA-bearing cells that can be 
successfully analyzed, the DNA profile might link the person 
who committed the crime to the crime scene. 

The aim of this study was to analyze the concentration of 
DNA left by participants on items of different textures (paper, 
plastic, plastic coated metal), while rubbing with fingers and 
palm or holding items in a hand, and to find a correlation 
between that concentration and the handling time, donor age 
and gender.

Furthermore, the major goal of this investigation was to 
identify the extent to which trace DNA concentrations depend 
on different textures. Studies like this are necessary to give 
an insight into what forensic geneticists could expect while 
working with trace DNA on different handled items. One thing 
we should always keep in mind is that we are still unable to 
identify a person who was last in contact with a specific item, 
because of the specific nature of DNA transfer. Therefore, 
results of this research could be used to improve future crime 
scene investigations. 

Material and Methods
The study included 60 participants (30 men and 30 

women). All participants gave their informed consent prior 
to the beginning of the study. Each participant touched nine 
items; therefore, the total number of samples was 540. The 
participants were divided into three groups according to gender 
and age: Group 1 consisted of participants between 25 and 34 
years of age, Group 2 between 35 and 44 years, and Group 3 
between 45 and 54 years. The lowest and the highest range of 
participants’ age was also included. The participants were not 
related. The study was approved by the Ethics Committee of 
University of Split and Medical School of Split (Croatia).

Sample preparation
Participants were asked not to wash their hands several 

hours prior to testing [17,18]. After their arrival, participants 
were asked to put on powder-free nonsterile disposable gloves 
(Vinyl 2000 PF, Meditrade) for five minutes on their dominant 
hand to get it sweaty [17]. UV irradiated cotton swabs were 
moistened with autoclaved distilled deionized water (Sarstedt, 
Germany), while the cotton part was cut with scissors and 
transferred into an Eppendorf tube. To prevent contamination, 
negative control was prepared using cotton swabs moistened 
with autoclaved distilled deionized water. The cotton part was 
also cut with scissors and transferred into an Eppendorf tube, 
which was left open in the working area during the whole 
process of sampling.

Three different items were included in the study: white 
office paper (paper; Catriere Miliani Fabriano S. p. A., Italy), 
plastic CD boxes (plastic; MS, China), and plastic coated 
metal bottles (plastified metal; Phosphatesmo KM bottles, 
Macherey-Nagel, Germany). All items were UV irradiated for 
30 minutes. On each paper, three rectangles were drawn equally. 
Plastic CD boxes were unused and packed, while stickers were 
removed from the Phosphatesmo KM bottles to get a smooth 
surface. Every participant had to rub a designated rectangle 
on the paper, a CD box, and plastic coated metal bottles for 
one, two, and five minutes. For each time interval, a different 
item was used. The fingers, the palm, and the side of the palm 
of the dominant hand were used in rubbing movements. All 
used items were swabbed with a sterile moistened cotton swab 
after each time interval. Autoclaved distilled deionized water 
was used as a moistening agent. After swabbing, the cotton 
part of the swab was cut with scissors and transferred into an 
Eppendorf tube. Negative control and each cotton part of the 
swabs were then subjected to DNA isolation. 

DNA analysis
Genomic DNA was extracted from the cotton part 

of the swabs using Chelex [28]. After isolation, genomic 
DNA concentrations in each sample were determined by 
quantitative real-time PCR using the Quantifiler™ Human 
DNA Quantification kit (Applied Biosystems, Foster City, 
California, USA). Quantitative real-time PCR was performed 
on a 7500 Real-Time PCR System (Applied Biosystems). The 
results were analyzed by the absolute quantification method. 
After quantification, each sample was verified for the presence 
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of inhibitors. All the samples from all participants included 
in this study were destroyed after determination of DNA 
concentration.

Statistical analysis
All variables in the study were tested on normality 

using Shapiro-Wilks test. Null hypothesis in this test was that 
data have normal distribution; significance value was set to 
P=0.004 after Bonferroni correction. According to the results 
of normality testing, analysis with nonparametrical tests was 
performed. For analysis of dependent samples (measurements 
were performed on the same group of participants), such as 
DNA concentration comparison according to item texture, the 
Wilcoxon signed-rank test was used. The Friedman test was 
used to compare DNA concentration according to the handling 
time. For comparison of measurements made on independent 
samples, Mann-Whitney and Kruskal-Wallis were applied. The 
Mann-Whitney test was used to compare DNA concentration 
divided by gender. The Kruskal-Wallis test was performed on 
measurements of DNA concentration divided according to the 
age group. Those comparisons that yielded significant results 
in the Kruskal-Wallis test were then tested using a post-hoc 
Mann-Whitney test with built-in Bonferroni correction. For 
Friedman and Kruskal-Wallis tests, 2 degrees of freedom were 
determined. All computation was performed using R language 
[29].

Results
The total number of samples was 540 since 60 

participants were included in this study. Every participant was 
tested nine items. Real-time PCR results showed that from the 
total number of 540 samples analyzed in this study, a DNA 
concentration of 0.06 ng/µL or higher was detected in only 
18 samples. In 133 samples, the DNA concentration was 0. 
The remaining 389 samples had DNA concentration in the 
range from 0 to 0.05 ng/µL. Among the samples, 193 were 
male and 196 female. In four samples (2 female and 2 male), 
DNA concentration below 0.06 ng/µL was detected. From a 
total of 18 samples, in 17 male samples DNA concentrations 
ranged from 0.06 to 0.36 ng/µL. Maximum DNA yield in male 
samples was 426.31 ng, and minimum 71.25 ng. Interestingly, 
in one female sample, DNA concentration 0.07 ng/µL (77.19 
ng) was found.

Item textures
Three items of different textures were used in this 

study: paper, plastic (CD box), and plastic coated metal 
(smooth surface bottle). Results showed that the highest DNA 
concentration was transferred onto plastic and plastic coated 
metal, and the least onto paper (Fig.1). 

From 180 analyzed paper surfaces, DNA was detected in 
47.8% cases. The percentage of items on which DNA was 
detected was higher for plastic and plastic coated metal when 
compared to 85% for plastic CD boxes and 93.3% for a smooth 
surface.

During contact with the items, individuals left the highest 
concentration of DNA on plastic coated metal. The median 
of DNA concentration on plastic coated metal was 0.009 ng/
µL, while on plastic items it was 0.006 ng/µL. The lowest 
concentration of DNA (the median of DNA concentration 
- 0.001 ng/µL) was found on paper (Table 1). A significant 
difference in DNA concentration was found between paper 
and plastic as well as between paper and plastic coated metal 
(P-value 3.001×10-13 and 3.324×10-15, respectively), although 
no statistically significant differences were found between 
plastic and plastic coated metal (P=0.018). 

Donor age
 Results of this study showed that the Group 2 had 

the highest median DNA concentration (0.006 ng/µL) in 
comparison to other two groups (Table 1). 

Figure 1. Trace DNA concentration (ng/µL) depending on different 
texture of items (paper, plastic and plastic coated metal bottle)

Table 1. 
Median concentration of trace DNA samples depending on item texture, donors‘ gender, donors‘ age and handling time

Item texture

DNA concentration (ng/µl)

Me IQ

Gender Age group Handling time

Female Male 1 2 3 1 min 2 min 5 min

Me IQ Me IQ Me IQ Me IQ Me IQ Me IQ Me IQ Me IQ

Paper 0.001 0.002 0.001 0.001 0.001 0.002 0.000 0.001 0.001 0.002 0.002 0.003 0.000 0.002 0.000 0.002 0.000 0.002

Plastic 0.006 0.012 0.004 0.007 0.013 0.015 0.005 0.009 0.007 0.010 0.006 0.019 0.006 0.015 0.001 0.014 0.005 0.013

PCM 0.009 0.019 0.006 0.009 0.015 0.017 0.009 0.017 0.009 0.015 0.009 0.021 0.010 0.015 0.008 0.016 0.009 0.019

All textures 0.005 0.010 0.004 0.006 0.010 0.015 0.005 0.010 0.007 0.008 0.005 0.013 0.007 0.011 0.005 0.009 0.005 0.009
Me- Median; IQ  (Interquartile Range) = third quartile - first quartile; PCM - plastic coated metal.
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Median DNA concentration for this group was 0.006 
ng/µL, and the highest DNA concentration was detected on 
plastic coated metal (0.009 ng/µL). Groups 1 and 3 both 
had median DNA concentrations of 0.005 ng/µL. There was 
no significant difference between the DNA concentrations 
transferred by donors of different ages onto plastic coated 
metal (P=0.676). Consequently, the Kruskal-Wallis test was 
performed, in which concentrations of trace DNA were divided 
according to item texture and donor age. Only the P-value for 
comparison of DNA concentration on paper by donor age was 
significant (P=0.030). For this comparison, a post-hoc test 
(Mann-Whitney test) was applied. This test revealed only one 
significant P-value between Group 1 and Group 3 (P=0.031). 

Donor gender
 DNA concentration detected on samples left by 

men was 0.010 ng/µL, while women left only 0.004 ng/µL. 
A significant difference in the DNA concentration transferred 
onto items of all textures was found between men and women 
(P=0.006) (Table 1).

We show that men left higher DNA concentrations than 
women on all textures, except for paper, where no statistically 
significant result was obtained (P=0.803). A statistically 
significant difference between men and women was detected 
in trace DNA concentrations deposited on plastic (P=0.005) 
and plastic coated metal (P=0.001) (Table 2).

Handling time
All participants handled items of various textures during 

three time intervals (one, two and five minutes). Results of 
the relation between handling time and item texture on trace 

DNA concentration are listed in Table 1. The highest DNA 
concentration was detected on plastic coated metal for all 
three handling times (0.010, 0.008 and 0.009 ng/µL for one, 
two and five minutes, respectively).

Comparison of all item textures did not reveal 
statistically significant differences among medians of DNA 
concentration for different handling times (P > 0.231). 

Discussion
In this study we confirmed that DNA can be transferred 

from the palms of individuals to items of various textures 
during contact, which is consistent with previous studies 
[8,10,14,15,22,28]. Moreover, we confirmed that different 
textures contained different concentrations of donor-
dependent trace DNA. According to DNA quantification 
results, we assumed that most of our participants were bad 
shedders because in 137 samples the DNA concentration was 
undetectable. 

On plastic CD and plastic coated metal bottles, a higher 
DNA concentration was found, when compared to the paper 
items. Therefore, we can assume that plastic CD boxes and 
plastic coated metal bottles are suitable for leaving DNA 
during contact since the highest DNA concentration was left 
on these items. There was a significant difference between the 
concentrations of DNA left on the paper and plastic and on the 
paper and plastic coated metal, but not between the plastic and 
plastic coated metal, possibly due to the differences in texture 
of paper and plastic. 

We supposed that the low DNA concentration on 
paper was a result of corneocytes (but also other cell types) 
transferred onto paper surfaces via sweat and then possibly 
blown off the paper by mechanical movements of the hand 
while rubbing a paper. The cause of low DNA concentration 
on paper could also be due to different chemical bonds 
between DNA molecules and paper, when compared to plastic 
and plastic coated metal. Furthermore, paper absorbs sweat, 
so the swabbing technique may not be the appropriate one for 
collecting a sufficient concentration of cell-free DNA. Hence, 
for future research it would be more useful to cut paper into 
small pieces and then perform DNA isolation. The reason 
is that paper absorbs sweat and DNA is present in sweat. 
Performing this kind of isolation, would increase the total 
DNA concentration. Assuming that plastic does not absorb 
sweat, a higher DNA concentration could be expected for two 
reasons. Firstly, corneocytes might be blown off the touched 
surface by mechanical movements of the hand. In this case, 
sweat could partially prevent this, because it keeps plastic 
moistened. Secondly, DNA present in the sweat may contribute 
to research results. The mechanism by which cell-free DNA 
diffuses into sweat is still unknown. Scientists suggest that the 
mechanism could be similar to excretion of metabolites into 
sweat via sweat ducts. The DNA concentration in sweat has 
shown intraindividual and interindividual variation, indicating 
that various factors affect the DNA concentration deposited on 
the touched item [20].

The highest concentration of trace DNA was found on 
plastic coated metal bottles that were held in a dominant hand. 

 Table 2.
Results of median DNA concentrations comparison depending on 
item texture, gender, age group and  handling time

Comparison Test value P-value
Item texture

Paper and plastic -6.25 3.001×10-13

Paper and plastic covered metal -6.511 3.001×10-15

Plastic and plastic covered metal -1.569 0.118
Donor’s gender

Paper by gender -0.250 0.803
Plastic by gender -2.787 0.005
Plastic covered metal by gender -3.180 0.001
All textures by gender -2.752 0.006

Donor’s age
Paper by age 6.992 0.030
Plastic by age 1.479 0.477
Plastic covered metal by age 0.784 0.676
All textures by age 0.685 0.710

Handling time
Paper by handling time 0.259 0.879
Plastic by handling time 0.064 0.968
Plastic covered metal by handling time 2.929 0.231
All textures by handling time 0.028 0.986
Note: significant values are written in bold.
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Holding a bottle with the entire palm induced intense palm 
sweating, leaving the highest concentration. In this study, 
we applied a fresh transfer of skin cells to a plastic material; 
therefore, the transfer rate was higher. These results are in 
concordance with those published previously [30]. Goray 
et al. [30] showed also that dried transfer has lower transfer 
rates both on nonporous and porous surfaces (cotton). The 
fresh transfer rate of skin cells was double when pressure was 
applied, in comparison to passive contact. In addition, the 
friction could even further increase transfer rates [30]. 

Nevertheless, a study that included 20 participants 
between 23 and 94 years of age showed that participants 
under 40 years left a higher DNA concentration on the 
tested surface [31]. On the contrary, our results showed that 
participants between 35 and 44 years of age left the highest 
DNA concentration. The lowest DNA concentration was 
left by participants between 25 and 34 years of age. These 
findings were supported by significant differences in DNA 
concentration left on paper, between Group 1 and Group 
3, although the P-value was close to the significance level 
(P=0.05). Other comparisons did not yield statistically 
significant differences in DNA quantity. 

We could argue that participants between 35 and 44 
years of age left the highest DNA concentration because they 
sweat more than others, or their skin was drier in comparison 
to younger ones. For any further conclusions, it is necessary 
to perform additional studies, which will investigate the cause 
of increased sweating (e.g. physical activity prior to testing, 
nitrition, donor health condition) [18,20,32-34] or the cause 
of increased loss of skin cells, such as atopic dermatitis or 
psoriasis [18,34]. Furthermore, the number of participants per 
age group should be also increased for more reliable results. 
The concentration of trace DNA for separate textures was not 
in concordance with previous results. A statistically significant 
difference was not found between the concentrations of 
trace DNA among different donor age groups. Therefore, it 
is necessary to perform additional studies to investigate the 
cause of different concentrations of trace DNA left on handled 
items by individuals of different age groups.

 The only limitation of this study is lack of STR 
typing. However, this was not the aim of this study. 

The results of previous studies investigating the 
correlation between concentration of trace DNA and donor 
gender were contradictory. Raymond et al.[23] showed that 
women left more DNA than men, but the difference between 
them was not statistically significant. On the contrary, Lowe 
et al.[13] found that there was no male-versus-female bias in 
determining the shedder status of an individual, and results 
were not statistically significant. Furthermore, a recent study 
conducted by Daly et al.[10], which included 300 participants, 
showed no statistically significant difference in concentration 
of trace DNA left by men and women. 

Statistically significant results of our study indicated that 
men leave a higher DNA concentration on touched items than 
do women. One of the explanations could be that men have 
a larger palm area, resulting in a larger concentration of cells 
being shed per square millimeter of skin. It is also possible 
that men excrete larger concentrations of sweat from sweat 

glands in the skin of the palm. Mehnert et al.[35] showed that 
men excrete more sweat than women. In addition, that men 
exert a greater force of contact could have caused the greater 
DNA concentration that men left on objects. Men left a higher 
DNA concentration on plastic and plastic coated metal when 
compared to women, but not on paper. Although women left 
more DNA on paper, the difference in concentration of trace 
DNA between men and women was not statistically significant. 
We can conclude, then, that in general men leave more DNA 
on handled items than do women. Here we have to emphasize 
that 30 men and 30 women were included in the study. 

Van Oorschot and Jones [14] showed that the DNA 
concentration on items held by participants for different time 
intervals did not differ significantly. These results indicated that 
transfer of DNA occurs during the initial contact [14,15,18].  
On the other hand, Raymond et al.[23] pointed out a positive 
correlation between the trace DNA concentration and handling 
time. Based on our results, it could be concluded that DNA 
concentration transferred onto items with different textures 
was independent of the contact time. A possible explanation 
of these results could be that the donor left the majority of 
DNA during one minute. 

 In conclusion, results of our study showed that DNA 
concentration was lower on paper than on plastic and plastic 
coated metal [36]. This could be caused by the structure of 
paper or by swabbing technique. We also found that men 
tend to leave greater DNA concentrations than do women. 
However, we did not prove the effect of handling time and age 
on the concentration of detected DNA.

Further studies are needed to discover the impact of 
interindividual and intraindividual variability on the DNA 
concentration left on various items.
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