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An investigation into the transference and survivability
of human DNA following simulated manual strangulation
with consideration of the problem of third party contamination
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Abstract Amplification was performed on human DNA
material transferred during a model of manua strangula-
tion. A total of 29 separate experiments were performed
using a single male offender-female victim combination
to observe whether DNA was transferred both from the
offender’s fingers to the victim’'s neck and vice versa and
to consider the period of time after the event during which
the material could potentially be recovered and amplified.
DNA was amplified from either the victim’'s neck or the
offender’s fingers for at least 10 days after the contact al-
though it is discussed whether this is potentially due to
primary contact or a secondary/tertiary transfer event. The
study highlights the problem of contamination of the of-
fender’s hands and victim’'s neck with third party DNA,
the presence of which could have a significant outcome
for both the investigating authority and the third party.
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Introduction

The transference of epithelial cells from the offender onto
inanimate objects such as cigarette butts [1], ligatures [2]
or the victim themselves, for example on bite marks[3] or
debris under fingernails [4, 5] has been known and sought
for many years. Unlike these examples where there is a
relatively high number of cells transferred onto a small
area, Wiegand and Kleiber suggested that during manual
strangulation one expects a small number of epithelial
cells to be transferred from the offender onto a relatively
large skin area of the victim [6, 7]. Following the investi-
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gation of 16 suspect-victim combinations of manual stran-
gulation they observed that potentially, DNA from the
suspect could be successfully detected on the victim for
up to 48 h. However, this remains alittle used and known
about technique in forensic practice in some parts of the
world and there are limited publications in this area espe-
cially considering the transfer of victim DNA to an of-
fender.

Theresults of an experimental model used to verify the
findings of Wiegand and Kleiber [6] by assessing whether
human DNA is not only transferred from the offender to
victim but vice versa are presented. The study reports the
time period over which successful retrieval and amplifica-
tion could be achieved and considers observations related
to third party human DNA contamination of both the vic-
tim and offender.

Material and methods

A single victim-offender combination was used for the study. To
assist with the interpretation of the results and taking into account
a common assault combination, the offender was a male and the
victim a single, unmarried female. In the anticipation of third per-
son contamination, the female victim was known to have no active
relationship at the time of the study. Both participants worked
within the same building, one within an office area and the other
within a laboratory environment, the two work areas being sepa-
rated by three doors and two corridors. Physical contact between
the two participants was avoided during the study period although
access to the both rooms and a common kitchen areawere allowed.

At a pre-determined time the female victim would enter the of -
fice where the male offender placed the finger pads of the 2nd and
3rdright fingersin full contact with one side of the neck of the vic-
tim, away from the carotid sheath. In accordance with the model
used by Wiegand et al. [7], a force was applied to the neck for a
period of 1 min. During this period the fingers were moved on the
skin to cause friction to simulate movement during manual stran-
gulation. At the end of the 1-min period the area of contact on the
neck was immediately sampled with a sterile moistened cotton
swab. The offender’s finger pads which had been in contact with
the skin were also immediately sampled in a similar manner. This
procedure was repeated on 10 separate occasions over a 5-day pe-
riod and 2 experiments were performed each day with a minimal
period of 5 h between each test. The side of the neck that had been
used as a control in the morning was used as the test in the after-



noon. An area of untouched skin on the opposite side of the neck,
away from the area of the application of the offenders fingers was
sampled as a control for each test. The neck was washed before the
start of each day. The offender’ s fingers were washed between the
morning and afternoon. A control water sample and buccal (mouth)
swab from both participants were aso taken. All swabs were im-
mediately frozen, without drying, at —20°C prior to analysis.

The experiment was then repeated a further 19 times using a
force application time of 1 min but the time period between the se-
cession of the application of the force and the sampling was ex-
tended. The periods between the force and the sampling were 1, 5,
10, 15, 30 and 60 min, 2, 3,4, 5,6, 7,8,24and 48 hand 3, 4, 5
and 10 days. On each occasion the neck was neither touched nor
washed between the application of force and the sampling. The
finger pads of the offender did come into contact with inanimate
objects such as door handles, light switches, cups, telephones and
computer keyboards and were also washed in the normal daily rou-
tine of the male.

The samples were extracted in batches in a laboratory dedi-
cated for the extraction of very low levels of DNA. Samples were
not quantified but were amplified to a set volume (20pl) using the
second generation multiplex plus (SGMplus) system [8]. The PCR
products were run on Applied Biosystems automated DNA se-
guencers, model ABI prism 377 [9]. Samples of interest were re-
amplified using low copy number (LCN) conditions [10].

Results and discussion

A total of 29 separate time-based tests were performed.
Thisyielded 116 swabs (29 test neck swabs, 29 test finger
pad swabs, 29 control neck and 29 control finger swabs)
which were all amplified using SGMplus with selected
swabs further amplified using LCN. Of these swabs,
31 which were al from one batch analysis and from the
first part of the study and included all 4 test sites, had no
amplification result by either method. These should have
been the swabs with the greatest chance of DNA amplifi-
cation and thus an explanation for this observation cannot
be given with any certainty. A further 6 swabs from other
time periods had no amplification on SGMplus but of
these, 2 had amplification results with LCN.

Of the test neck swabs, 19 yielded positive amplifica-
tion results using SGMplus, 12 showed a victim-only pro-
file and 7 a victim and offender profile with a full of-
fender profile detectable up to 6 h after contact. When
LCN was used (17 tests) all showed the offender to be
present for all time periodsi.e. up to 10 days. In the ma-
jority of cases it was a partial offender profile with the
majority of the amplification result being a full victim
profile. This verified the observations previously pub-
lished by Wiegand and Kleiber [6] with regard to transfer
of offender DNA to the neck of the victim and also sup-
ports their observation that the use of moistened sterile
cotton wool swabs proved to be a simple and reliable
method of DNA retrieval from the skin. Wiegand and
Kleiber previously reported successful DNA profiling 48 h
after the offender had gripped the neck of the victim [6].
This study supports this observation as long as the neck is
not washed nor touched which would be expected to re-
move any offender DNA from the neck.

Of the test finger swabs, 21 yielded positive amplifica-
tion results using SGMplus, 13 showed an offender pro-
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file without a victim profile and 7 an offender and victim
profile. All except one case were partial victim profiles
which were detected up to 24 h after contact. In 6 cases
where LCN was performed all showed the victim to be
present, all except one asapartia profile and up to 10 days
after contact. This study suggests that not only can the of -
fender’s DNA be transferred onto the victim but the vic-
tim's DNA onto the point of contact with the offender.
DNA survival on both parties may be for several hours to
days. Thus in the case of the living victim seeking assis-
tance from the police or the discovery of a deceased body
or the apprehension of a suspected assailant, DNA re-
trieval from the point(s) of contact on the skin should be
considered.

Having made these observations and comments, care
must now be expressed in the interpretation of the source
of the DNA on the victim and offender and the time peri-
ods of survival. One control neck test (the 10-day control)
yielded a partial profile of the offender and eight control
finger swabs (up to 5 days) yielded a partial profile of the
victim despite the fact that the offenders control fingers
never came in direct contact with the victim. Finaly, par-
tial profiles of one or more third parties were amplified
from both test and both control sites for up to 10 days. In
most cases where this occurred, the unknown profile was
the same. No third party profiles arose from the amplifi-
cation laboratory.

The explanation for these observations is that of sec-
ondary/tertiary transfer. A likely source for both the vic-
tim and third party DNA material were inanimate objects
handled by both individuals within the building. Thus the
finger pads of the offender may not only transfer of-
fender’s DNA onto the skin of their victim and vice versa
but aso transfers third party DNA from objects or the
third party themselves, which the offender handled prior
to contact with the skin of the victim. This would explain
the observation of unknown profiles upon the neck of the
victim at the site of contact as well as both hands of the
offender. Thus DNA from an innocent person could be
amplified from the hands of the offender or the site of
contact on the skin of the victim. When considering the
apparent time periods of DNA survival, passive transfer
of the offender’s DNA onto the victim’s neck could aso
explain the presence of offender DNA several days after
contact. Unpublished data from the amplification labora-
tory suggests that survival of DNA beyond a few hours
must be questioned although other publications related to
the survival of human DNA on inanimate objects such as
mortuary instruments and work surfaces support the po-
tential for much longer periods of survival [11, 12].

Having made the observation related to the potential
issue of contamination it is still considered that this study
does support that if there has been skin-to-skin contact be-
tween the victim and the offender one should consider try-
ing to retrieve any DNA exchanged either way between
the two parties. When the results are interpreted one must
always bear in mind again the issue of innocent pre-labo-
ratory contamination. One must consider the site from
which the DNA was obtained, the ratio of whole or partial
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To victim

1) Offenders DNA only

2) Offenders DNA and third party DNA
from direct contact

3) Offenders DNA and third party or more
DNA from contact with an object

Fig.1 A summary of the hypothesised sources and routes of trans-
ference of human DNA to and from a victim’s neck via an of-
fender’s hand

profiles present and the relationship of the victim to the
alleged offender as well as the analytical technique used.
A summary diagram of the potential sources and route of
transfer is shown in Fig. 1.

This study has verified the work previously published
by Wiegand and colleagues reiterating the potential use of
swabbing areas of skin from living or dead victims to as-
sist in the identification of an offender where there has
been skin-to-skin contact for example in the case of man-
ua strangulation. It also highlights the problem of DNA
transference from one object to another and how an inno-
cent third party could find themselves placed onto the skin
of avictim of a crime, onto the skin of an offender or to
have the victim’s DNA on them without ever coming into
direct contact with the victim. This latter observation is of
considerable significance to the investigating authority
which must consider the potential source of a DNA pro-
file identified from the skin of a victim prior to any con-
clusion asto it'slikely source. Further work in the area of
transfer of DNA between one or more humans or inani-
mate objects and the survival of DNA upon deceased bod-
iesisrequired.

From victim

1) Victims DNA onto offender only

2) Victims DNA onto offender and third party
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3) Victims DNA onto offender and object
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