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Abstract
Identification of forensic DNA samples by short tandem repeat 

(STR) profiling is currently an essential component of criminal 
investigations and can aid in linking perpetrators to crimes as well as 
identifying missing individuals or unidentified remains. In South Africa, 
recent amendments to legislation have allowed for the mandatory 
acquisition of reference DNA samples from certain offenders in order to 
populate the new National Forensic DNA Database. A novel method 
for the collection of buccal samples, the EasiCollect device, has been 
proposed to facilitate the collection of these DNA samples, replacing 
blood collecting devices as the standard method of DNA collection. 
Subsequently, this device has been introduced into South African 
state mortuaries to assist in the identification of deceased individuals. 
In order to ascertain if this device is suitable for use in the post-
mortem setting, an investigation was performed to compare the main 
methodology currently utilised within South African mortuaries, namely 
femoral blood transferred to ‘Fast Technology for Analysis of nucleic 
acids’ (FTA) cards, and buccal cells obtained using the EasiCollect 
device. DNA yields and STR genotyping results were compared 
between the two collection methods in thirty deceased individuals. 
Buccal samples provided a significantly greater DNA yield than blood 
samples, while no significant difference was observed between the 
qualities of the sample types as measured by the 260/280 nm ratio. Full 
STR profiles were obtained from all blood and buccal samples, with 
amplification efficiency showing limited DNA degradation and PCR 
inhibition in these samples, and only 3% of samples giving potentially 
disputable results. Numerous issues surrounding the collection of blood 
samples, however, indicated that this method is not optimal for use in 
the mortuary, with the EasiCollect device providing a more practical 
and robust method for the collection of DNA samples in the mortuary.

Abbreviations
DNA: Deoxyribonucleic acid; FTA: Fast Technology for Analysis 

of nucleic acids; PCR: Polymerase Chain Reaction; RFU: Relative 
Fluorescence Unit; SAPS: South African Police Service; STR: Short 
Tandem Repeat

Introduction
Deoxyribonucleic acid (DNA) profiling using short tandem repeats 

(STRs) is widely used in the identification of forensic samples [1,2], 
and can aid in developing investigative leads through comparative 
database searches of crime scene to reference profiles [3,4]. The South 
African forensic DNA database currently contains a relatively small 
number of DNA profiles (~132 000) [5], which ultimately reduces its 
effectiveness as a crime solving tool. In order to populate the national 
database, legislation has recently been amended, now mandating the 
acquisition of reference DNA samples from arrested individuals and 
convicted offenders [6]. Following these legislative changes, there is 
a great need for a simple and efficient method for the collection of 
reference DNA samples. 

Blood obtained by venipuncture or finger-prick had previously 
been the standard method for obtaining DNA samples from living 
individuals [7,8]. The collection of this specimen is however invasive 
and requires the assistance of trained medical personnel [7,9,10]. 

Simone Tredoux1*, Sipho Mfolozi1 and Karen 
Shires2

1Division of Forensic Medicine, Faculty of Health Sciences, University 
of Cape Town, Cape Town, South Africa 
2Division of Haematology, Department of Pathology, University of 
Cape Town and National Health Laboratory Services- Groote Schuur 
Hospital, Cape Town, South Africa

*Address for Correspondence
Simone Tredoux, Division of Forensic Medicine, Faculty of Health Sciences, 
University of Cape Town, Anzio Road, Observatory, Cape Town, South 
Africa, Tel: +2784 325 1502;  E-mail: simone_tredoux@hotmail.com

Submission: 31 July, 2015
Accepted: 26 August, 2015
Published: 31 August, 2015

Copyright: © 2015 Tredoux S, et al. This is an open access article 
distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Reviewed & Approved by: Dr. Robert Allen, Head of the School 
of Forensic Sciences, Oklahoma State University, Center for Health 
Sciences, USA

Research ArticleOpen Access

Journal of

Forensic 
Investigation

Avens Publishing Group
Inviting Innovations

Avens Publishing Group
Inviting Innovations

More recently, increasing focus has been placed on buccal epithelial 
cells as an alternative DNA source [8-15], offering an easy-to-collect, 
non-invasive method [7,10-12,16,17] with no reliance on medical staff 
[9,10,12]. Various methods have been described for the collection 
of buccal cells, including saliva [11,16,17], mouthwash [8,13,14,17], 
cytobrushes [13,14,17] and swabs [8-11,15]. Numerous studies have 
reported on the differences in DNA yield and quality between these 
collection methods. While mouthwash samples have consistently 
been found to produce the highest yields of DNA when compared 
to other sample types [8,13,14,17], significant quantities of bacterial 
DNA have been observed in these samples [13,14]. Direct methods of 
buccal cell collection, such as cytobrushes and cotton or nylon swabs, 
are favourable due to the lack of a transfer step during the collection 
process. Buccal cells are collected directly onto these devices, thereby 
increasing the yields of DNA obtained using these methodologies 
[10]. Large amounts of bacterial contamination are however detected 
[9,14,15] due to the lack of DNA stabilisation within these devices. 
The use of foam swabs and subsequent transfer to ‘Fast Technology 
for Analysis of nucleic acids’ (FTA) cards provides an effective method 
for the collection and storage of buccal samples in which the sample 
bound to the card is protected against bacterial and fungal growth 
and enzymatic degradation [9,18]. The genotyping success rates are 
consistently high with this approach [11,15,19,20] and consequently 
the EasiCollect device (Manta Forensic, South Africa), a combination 
swab-FTA device, has been proposed for use as the new standardised 
method for the collection of reference samples from living individuals 
in South Africa [21].

Identification of deceased individuals by STR genotyping is 
inherently not an easy task, due to the lack of suitable samples for 
DNA extraction. Although blood was previously regarded as the 
standard specimen for the collection of DNA samples within the 
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mortuary, Hansen et al. found that it is not always the best specimen 
for use in this setting due to the potential presence of coagulation 
and haemolysis which may inhibit sample collection [22]. Additional 
issues arise with the collection of this sample type in South African 
mortuaries due to the lack of a pre-packaged, sterile and quality 
controlled kit for sample collection. The EasiCollect device has thus 
also recently been introduced into state mortuaries to assist with the 
collection of DNA from deceased individuals. 

While the DNA from buccal epithelial cells obtained by the 
EasiCollect device in living individuals has been shown to be 
comparable to extracted DNA from blood in terms of genotyping 
success [18], issues regarding potential DNA loss have been reported 
due to the non-uniform transfer from the swab to the FTA card and 
the small area of the card that is ultimately used for DNA extraction 
[10,12,15]. Additional issues may occur when using this device to 
collect samples from deceased individuals. These include the presence 
of unknown substances within the oral cavity which may act as 
polymerase chain reaction (PCR) inhibitors; microbial activity which 
may lead to rapid DNA fragmentation prior to collection; and rigor 
mortis of the jaw which may restrict sample collection. While the use 
of this device has been thoroughly tested in living subjects, its use in 
the mortuary setting has not been studied and it is uncertain if this is 
the most suitable method in this environment.

This study investigates the efficiency of the EasiCollect device in 
the collection of suitable DNA samples from deceased individuals. 
The approach was to compare the two protocols currently used for 
the collection of reference DNA samples within mortuaries in South 
Africa, namely femoral blood transferred to FTA cards and buccal 
epithelial cells obtained using the EasiCollect device. The quantity, 
quality and genotyping success of DNA obtained from each method 
was evaluated, as well as the practical use of each method during post-
mortem examinations.

Materials and Methods
Study population

Samples were collected from thirty deceased individuals during 
routine post-mortem examination at the Salt River Forensic 
Pathology Laboratory in Cape Town, South Africa. Exclusion criteria 
were the presence of blood, gastric contents or unknown substances 
in the oral cavity, bodies that were charred or decomposed, as well 
as infants younger than 6 months. All components of the study were 
approved by the Faculty of Health Sciences Human Research Ethics 
Committee (HREC REF: 190/2014) and consent was obtained for the 
collection of human tissue samples at the mortuary.

Sample collection

Blood samples: Approximately 3 ml of blood was collected from 
the femoral vessels of the deceased individual using a 5 ml syringe, by 
a trained forensic pathology officer. Around 1 ml of blood was then 
spotted onto each of the two designated areas on the FTA® Mini Card 
(non-indicating) from Whatman (UK) and allowed to dry at room 
temperature before returning the card to the 6x11 cm brown paper 
envelope.

Buccal samples: Buccal cell samples were collected from the 
same individuals using the EasiCollect device according to the 
manufacturer’s instructions (Manta Forensic, South Africa). Briefly, 
the sterile foam-tipped applicator of the EasiCollect device was firmly 

rubbed against the inside of the cheek for 15 seconds on either side. 
The handle was folded over and the applicator pressed firmly onto 
the indicating FTA card, allowing for the transfer of buccal cells from 
the applicator to the attached card. The handle was then bent back to 
allow the sample to dry, and the closed device was immediately placed 
into the sterile foil exhibit bag along with a desiccant.

DNA extraction and quantification

Extraction of DNA from the FTA cards was performed by Unistel 
Medical Laboratories (Stellenbosch, South Africa) using the Maxwell® 
16 Cell LEV DNA Purification Kit (Promega, USA) and the Maxwell® 
16 Instrument (Promega, USA). Buccal and blood DNA samples were 
eluted into 25 or 35 µl of elution buffer respectively (according to 
validated methodology of the Unistel Medical Laboratories).

A NanoDrop® ND1000 Spectrophotometer (Thermo Scientific, 
USA) was initially used to determine the concentration and purity of 
all extracted DNA samples. Where concentration readings fell below 
10 ng/µl, DNA was re-quantified using the QubitTM dsDNA HS Assay 
Kit (Life Technologies, USA), and a Qubit® 2.0 Fluorometer (Life 
Technologies, USA) according to the manufacturer’s instructions. 
The total DNA yields for blood and buccal samples were calculated 
by multiplying the resultant concentration by the final volume of 
DNA extract. The purity of DNA, as assessed by spectrophotometric 
analysis, was measured using the 260/280 nm ratio, which measures 
contamination of the nucleic acid sample by protein, where a ratio of 
1.8 is considered as purified DNA [23]. Quantitative PCR (qPCR) was 
performed on a representative subset of buccal DNA samples using 
the Investigator® Quantiplex Kit (Qiagen, Germany) and the Rotor-
Gene 6000 (Qiagen, Germany) according to the manufacturer’s 
instructions.

STR genotyping

DNA profiling of the extracted DNA samples was performed 
by Unistel Medical Laboratories (Stellenbosch, South Africa) using 
a validated modification of the PowerPlex® 16 System protocol 
(Promega, USA). The PCR Master Mix consisted of 4 µl nuclease-
free water (Promega, USA), 1 µl PowerPlex® 16 10X Primer Pair 
Mix (Promega, USA) and 5 µl 2X KAPA Blood PCR Mix A (KAPA 
Biosystems, USA) per reaction; after which 2 µl (>1 ng DNA) of 
isolated DNA was added to each reaction tube for a total reaction 
volume of 12 µl. The GeneAmp® PCR System 9700 thermal cycler 
(Applied Biosystems, USA) was used for the amplification of isolated 
DNA according to the recommendations of the PowerPlex® 16 
protocol. Amplified DNA fragments were diluted into a denaturing 
HiDiTM formamide-internal lane standard mix and separated with 
capillary electrophoresis using the 3500 Genetic Analyzer (Applied 
Biosystems, USA). Data Analysis was subsequently performed using 
GeneMapper® ID-X Software.

Statistical analysis

All statistical analyses were performed using STATA version 
12.0, statistical software (StataCorp LP, USA). The differences in 
concentration, purity and peak heights between methods of collection 
were compared using the two sample t-test for parametric data or 
the Wilcoxon’s rank-sum test for non-parametric data. Cohen’s 
Kappa statistic was used to determine the measurement of agreement 
between the alleles produced from blood and buccal samples for each 
individual.
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Results
The quantity and quality, as well as STR genotyping performance 

was assessed using DNA extracted from buccal and blood samples 
from thirty deceased individuals from the local state mortuary facility. 
This was performed to ascertain the effectiveness of the EasiCollect 
device in collecting suitable DNA samples for human identification 
in this environment.

DNA yield and purity

In practice, STR DNA profiling can be performed on DNA 
extracted from a portion of the FTA spot (3 mm punch or whole spot) 
or directly using an untreated 3 mm punch in the PCR reaction [24]. 
For this study, to be able to analyse the DNA yield, the total yield 
of DNA obtained from each sample was calculated as the quantity 
of DNA extracted from a full FTA spot, which was then used to 
determine the theoretical yield from a single 3 mm punch. 

Using a combination of spectrophotometry and fluorometry 
to quantify the total DNA extracted in each sample, buccal DNA 
extracts produced DNA yields that were significantly higher than 
those seen in blood samples, as can be seen in Figure 1 and Table 1. 
The median total DNA yields obtained from a single punch was 5.4 
fold higher using the EasiCollect device compared to blood drawn 
from the femoral vein and spotted onto the FTA card (Table 1). 
Figure 1 shows the distribution of calculated DNA yields per punch, 
which showed a highly significant (p<0.001) greater yield in buccal 
samples, but with both sample types showing huge yield variations: 
1.57-77.53 ng in blood samples and 2.97-104.88 ng in buccal samples. 
Of importance is that both methods produced sufficient DNA for use 
in STR profiling (>1 ng/3 mm punch).

As the buccal samples in this study were thought to contain 
significant bacterial contamination, qPCR was performed on a subset 
of these samples in order to specifically quantify the yields of human 
DNA. As seen in Table 1, no significant difference was found between 
the median yield of human DNA and that of total DNA from a whole 
spot (p=0.2899), indicating that limited bacterial DNA was present 
in these samples. As a result of these findings, it was concluded that 

DNA yields from buccal samples were in fact significantly greater 
than those of corresponding blood samples collected in this study.

The purity of DNA within the samples, as measured by the 
260/280 nm ratios, was used as a crude measure of DNA quality, the 
values for which can be seen in Table 1. No significant difference was 
found when comparing the 260/280 nm ratio between blood and 
buccal samples (p=0.2439). Notably, both sample types produced 
relatively poor quality DNA, with all 260/280 nm ratios being <1.7 
and mean values of average ratios of 1.3 and 1.1 for blood and buccal 
samples respectively. This finding is a reflection of the inability of the 
Maxwell 16 Cell LEV DNA Purification Kit (Promega) to effectively 
purify DNA from the FTA substrate.

STR profile analysis

All samples in this study produced amplicons for all STR loci 
investigated, generating corresponding DNA profiles between 
the blood and buccal DNA samples of each individual. The results 
of Cohen’s kappa test showed 100% agreement between the 
corresponding alleles at all 16 loci, Kappa = 1 (p<0.001).

The success and reliability of the profile depends upon the uniform 
amplification of the various alleles and the amount of amplicon 
produced (as measured by the peak height in relative fluorescence 
units - RFU). This is affected by the degradation status of the DNA 
and potential PCR inhibitors in the extraction eluent. Table 2 shows 
the peak height ratios calculated by comparing the heterozygote 
peak heights of the smaller D3S1358 amplicons to the larger Penta_E 
amplicons. Both blood and buccal samples yielded median ratios not 
exceeding 1, indicating limited skewing of the amplified products 
in the majority of the samples. Obvious skewing did however 
occur in three blood and three buccal samples (10% of samples) 
where peak height ratios were above 1.5, indicating problems in the 
amplification of the larger loci. This is only a potential issue when 
skewed amplification leads to peak RFU values below the stochastic 
and analytical thresholds. In our laboratory setting, this affected 
the results from one blood and one buccal sample (3% of samples), 
leading to the production of potential partial profiles, which may 
be disputed in a forensic setting. Representative electropherograms 
showing skewed amplification can be seen in Figure 2.

Ease-of-use

Table 3 displays the various factors that were assessed when 
determining the usability of the collection methods in the post-mortem 
setting. While the collection of buccal swabs took approximately 
five times longer to perform than that of blood samples, no drying 
time was required before placing the buccal samples into the storage 
containers. While some difficulty was observed in obtaining buccal 
cell samples from eight individuals (27%), due to limited access to the 
oral cavity (rigor mortis and hospital-based intubation), 50% of the 
blood samples were difficult to obtain. The major challenges observed 
in the collection of blood samples were the presence of thickened 
blood and extreme clotting in some cases which poses a problem with 
transfer to and drying of the FTA card. 

Discussion
A reliable method for obtaining DNA samples is essential to 

Figure 1: Distribution of DNA yields for blood and buccal samples. 
Box-and-whisker plot of the predicted median DNA yield/3 mm punch as 
calculated from the total DNA extracted from full FTA spots. The median total 
yield of DNA within blood samples is significantly lower than that of buccal 
samples.
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Method of 
Collection n

Total DNA yielda 
/spot (ng) Total DNA yieldb /punch (ng)

n
A260:A280c

Median IQR Median IQR Mean
 ± SD Range

Blood 30 249.20 129.50 - 961.80 5.54 2.88 - 21.37 12 1.29 ± 0.20 1.01 - 1.59

Buccal 30 899.50 704.00 - 1577.50 29.99 23.47 - 52.58 28 1.17 ± 0.32 0.51 - 1.68

Buccal d 10 797.32 658.76 – 1009.47 26.58 21.96 – 33.65

Table 1: DNA yields from blood and buccal samples collected on FTA cards.

aWhole FTA spot DNA yields measured by spectrophotometry and fluorometry
bPredicted yields, with thirty punches/EasiCollect FTA spot and forty-five punches/blood FTA spot
cRatios measured by spectrophotometry, from samples with concentrations >10 ng/µl only
dYields measured by qPCR

Method of Collection Number 
of alleles

Peak heighta (RFU) Peak height ratiosb

Median IQR Median Range

Blood 792 3958 2529 – 5623 0.76 0.41 – 2.09

Buccal 792 5916 4291 - 8242 0.64 0.41 – 30.51

Table 2: Comparison of amplicon peak heights and relative peak height ratios observed in STR profiles generated using DNA from blood and buccal samples.

aPeak heights were assessed using only heterozygous alleles
bPeak height ratios were determined using heterozygous alleles for markers D3S1358 and Penta_E. Where homozygous alleles were detected, markers THO1 and 
D18S51 were substituted

Figure 2: Representative electropherograms indicating poor amplification of DNA samples. Capillary electrophoresis output showing all amplified STR 
alleles for DNA extracted from three study samples. A) STR profile obtained from an uninhibited, non-degraded sample showing no skewing of the amplified 
products. STR profiles obtained from inhibited or degraded DNA samples showing significant skewing in a B) buccal and C) blood sample. 

facilitate the efficient generation of STR profiles and successful 
identification of individuals in forensic investigations, including the 
identification of deceased individuals. In South Africa, as part of the 
new legislation, reference DNA samples from individuals will be 
collected using the EasiCollect device, which is used to obtain buccal 
epithelial cells from inside the mouth. The purpose of the present 
study was to evaluate the performance of this device in the mortuary 
setting, by comparing it to the current methodology of femoral blood 
on FTA cards.

An estimation of the quantity of DNA present in a single 3 mm 
FTA punch showed that the median yield of total DNA for blood 
samples (5.54 ng) was significantly lower than that for buccal samples 
collected using the EasiCollect device (29.99 ng). Buccal DNA 
samples are reportedly often contaminated with bacteria DNA [11], 

a factor which may have contributed to the higher quantity of DNA 
measured in buccal samples in this study. However, qPCR of human 
DNA performed on a subset of the buccal samples in our study 
revealed very little non-human DNA contamination. Alternatively, 
the lower DNA yield average in blood samples could be due to the 
considerable number of samples which contained thickened or 
extremely coagulated blood (40%). Although blood clots have been 
found to be rich in DNA [25] due to their high white blood cell 
content, the poor absorption of these samples onto the FTA cards, as 
observed in this study, may result in a decrease in nucleic acid capture 
on the card matrix and thus result in lower yields. DNA quality was 
assessed using 260/280 nm absorbance ratios. Both sample types 
produced DNA contaminated with protein, with ratios well below 
the acceptable 1.8 ratio which is used as a reference for optimal DNA 
quality [23]. The buccal cell DNA quality results are comparable to 
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previous studies [11,26], but the blood DNA quality was poorer than 
expected [11,27].

All DNA samples used in our study generated sufficient DNA for 
a PCR input value of >1 ng, which allows for optimal STR profiling 
[3], allowing both sample types to be used as a source of DNA. As 
shown in our study, all thirty individuals generated concordant results 
between the blood and buccal cell samples, illustrating that the DNA 
obtained from both collection methods was of sufficient quantity and 
quality for STR profiling. The amplification efficiency, measured by 
the peak height ratio of small to large markers, indicated that the 
majority of samples in this study showed relatively little skewing of 
the amplified products, signifying limited DNA degradation and PCR 
inhibition (due to collagen [28], hematin [28,29] or bacterial proteins 
[30]), despite the poor quality DNA (poor 260/280 nm ratio). When 
laboratory thresholds were applied to the STR profiles, amplification 
skewing resulted in only 3% of the profiles producing potential partial 
profiles, which represented both a single blood and buccal sample. 

A blood sample is currently the specimen of choice for DNA 
collection during post-mortem examinations. As most bodies are 
dissected during the autopsy, the femoral vessels become accessible 
and a blood sample can subsequently be easily obtained and 
transferred onto the FTA card. It becomes more labour intensive 
when bodies are not autopsied due to obvious cause of death. In 
these cases, a blood sample may be obtained by an incision into the 
femoral vessels or by palpating the vessel and collecting the blood 
using a needle and syringe. Although blood samples are quick 
and easy to collect, coagulated samples (which occurred in 40% of 
cases in our study) impede sample collection, transfer to the FTA 
cards, drying time and DNA yields. Currently, improvised kits for 
collection of blood samples in the mortuary are supplied by the 
South African Police Service (SAPS) and prepared within the non-

sterile environment of the mortuary by untrained personnel. These 
kits not only lack tracking information necessary to ensure that the 
correct chain-of-custody of evidence is maintained, a vital aspect for 
criminal proceedings, but there is also a major DNA contamination 
issue, which is compounded by the need to dry the FTA cards in a 
busy state mortuary environment. The abovementioned factors 
limit the efficacy of blood samples stored on FTA cards as a suitable 
method for collecting DNA samples within the mortuary. In contrast, 
the EasiCollect device was easy to use and rigor mortis appeared not 
to prevent sample collection. The provision of the collection device 
in a convenient sterile packaging with tracking information and the 
ability to immediately store the sample without drying counters the 
problems experienced with the current blood collection techniques 
employed. 

Several exclusions were made during the sampling process, due 
to prior investigation. One important exclusion from our study 
were infants younger than six months, as it was found that it was 
not possible to use the EasiCollect device due to the small size of 
their mouths. This will potentially be a significant problem when 
required to collect DNA samples from the countless concealed birth 
cases examined in mortuaries in South Africa. Unfortunately neither 
sample type could be obtained from badly decomposed or charred 
bodies. In such cases, alternative biological samples such as muscle 
[22], liver [2], brain tissue [31] or a fragment of the femoral head 
[32,33] would need to be obtained as a DNA sample. Additionally, 
further research will need to be conducted in order to determine if the 
EasiCollect device will be effective in collecting buccal DNA samples 
from individuals with extraneous substances in their oral cavities.

This study has demonstrated that both femoral blood transferred 
to FTA cards and buccal samples obtained by the EasiCollect device 
can be used to collect samples from deceased individuals in a state 
mortuary environment, which can then be used for DNA STR 
profiling. Due to the numerous issues associated with the collection 
of blood samples, this method of DNA collection is not optimal for 
use in the forensic setting. The greater yields derived from buccal 
samples, as well as the limited challenges associated with collecting 
samples makes the EasiCollect device a robust method for use 
within the mortuary, which we would recommend. It is important to 
acknowledge however, that one single method will not suffice for the 
collection of DNA samples within the mortuary. Complex situations 
may arise in which alternative biological specimens are required; 
therefore a variety of kits should be available for use. 
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