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Abstract: Technological innovations enable rapid DNA analysis implementation possibilities. Con-
cordantly, rapid DNA devices are being used in practice. However, the effects of implementing rapid
DNA technologies in the crime scene investigation procedure have only been evaluated to a limited
extent. In this study a field experiment was set up comparing 47 real crime scene cases following a
rapid DNA analysis procedure outside of the laboratory (decentral), with 50 cases following the regu-
lar DNA analysis procedure at the forensic laboratory. The impact on duration of the investigative
process, and on the quality of the analyzed trace results (97 blood and 38 saliva traces) was measured.
The results of the study show that the duration of the investigation process has been significantly
reduced in cases where the decentral rapid DNA procedure was deployed, compared to cases where
the regular procedure was used. Most of the delay in the regular process lies in the procedural steps
during the police investigation, not in the DNA analysis, which highlights the importance of an
effective work process and having sufficient capacity available. This study also shows that rapid
DNA techniques are less sensitive than regular DNA analysis equipment. The device used in this
study was only to a limited extent suitable for the analysis of saliva traces secured at the crime scene
and can mainly be used for the analysis of visible blood traces with an expected high DNA quantity
of a single donor.

Keywords: rapid DNA analysis; RapidHIT; forensic; criminal investigation

1. Introduction

The use of DNA analysis in the process of criminal investigation and prosecution
has grown exponentially over the past decades and is still increasing [1–4]. DNA analysis
of biological traces and subsequent database searches can lead to investigative leads, the
identification or exclusion of suspects, contribute to the reconstruction of an incident, or
provide evidence against suspects [2,3,5]. During the crime scene investigation, items and
trace evidence are secured at the scene. After selection, the most promising biological
traces will be sent for DNA analysis. The resulting DNA profiles can be compared with the
profiles of reference DNA profiles (e.g., potential suspects, victims within a case), and with
a forensic DNA database (In the Netherlands, this database contains profiles of suspects, convicts,
trace material secured at crime scenes, and deceased victims of unsolved crimes) for criminal cases.
After this, the results are reported back to the investigation team.

Worldwide turnaround times for DNA results (time from DNA sampling at the crime
scene or the (police) laboratory to DNA report) are longer than desired and can take weeks
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or months [1,6–8]. This asks for ‘rapid’ solutions, especially during the investigation phase,
where forensic evidence increasingly influences the direction and, thereby, the effectiveness
of the investigation [9].

Research has shown that a faster criminal investigation can contribute to a better crime
approach (see among others [10,11]), and that swift action by the police can even double the
number of solved cases [12]. Technology-driven innovations, such as “lab on a chip” and
miniaturization of computers, radically changed forensic implementation possibilities [13].
Promising technologies became available, enabling rapid DNA analyses outside of the
classical laboratory environment [14–16]. These innovations are in line with the great need
articulated by the entire criminal justice chain (from crime scene to court) for rapid DNA
results, and the desirability of laboratory analyses at the crime scene [17].

The current available rapid (mobile (The ANDE is sold as being a mobile solution. The
RapidHit and RapidHit ID are retailed as equipment for fixed locations (e.g., booking stations)))
DNA technologies, the ANDE, Rapid ID, and RapidHIT, are less sensitive and robust
than DNA analysis performed via the regular procedures in laboratories [18,19]. Rapid
techniques are therefore prone to produce incomplete results when low DNA concentrations
are present [15,20] and they are less suitable for analyzing complex mixture profiles [21–23],
which is the trade-off for the advantages of speed and mobility.

Rapid DNA devices are successfully being used in practice for reference buccal sam-
ples and disaster victim identification samples, which are cell rich sources [16,24]. The
techniques are also applied on less cell rich samples, such as actual crime scenes traces, of
which the results vary [19,25–27]. For now, these technologies are presumed to be mainly
suitable for crime scene traces with a high probability of obtaining a full DNA profile,
namely blood and saliva traces presumably originating from a single donor [18,28].

The effects of implementing rapid DNA technologies in the crime scene investigation
procedure have only been evaluated to a limited extent. The impact of implementing rapid
technologies at the crime scene has been studied on mock crime scenes with fictive rapid
analysis tools [1,29]. These studies show that the implementation of rapid identification
techniques, such as tools for rapid analysis and comparison of DNA and fingermarks,
can be efficient and effective in the investigative practice, both when it comes to a rapid
identification of offenders [30] as well as the quality of the scenario reconstruction [31].
Next to this, the European Network of Forensic Science Institutes (ENSFI) and the Scientific
Working Group on DNA Analysis Methods (SWGDAM) have set up additional require-
ments that should be taken into account before rapid (mobile) DNA technologies can be
used for crime scene traces, emphasizing that the use of rapid technologies with crime
scene traces should be handled with caution [32].

With the desire and available means for rapid DNA procedures, several large projects
(Snelle-ID lijn, snelle DNA-straat, LocalDNA [33–35]) were initiated in the Netherlands,
to investigate the effect of different (mobile) rapid procedures and gain more insight
into the results, application possibilities, and impact of rapid information at the start
of the investigative process, compared to the regular procedure. One of these projects
is LocalDNA. In this project we set up a field experiment, comparing real crime cases
and crime scene traces either following a rapid DNA procedure outside of the laboratory
(decentral procedure), or a regular DNA analysis procedure at the forensic laboratory. These
cases were followed from the start of the crime scene investigation until the apprehension
of the suspect.

This study is one of the first studies investigating the impact of a rapid DNA proce-
dure compared to a regular DNA procedure. More precisely, this is the first study that
investigates the influence of the RapidHIT200 on blood and or saliva traces secured at a
crime scene and the impact of these rapid DNA results on the investigative process.
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2. Materials and Methods
2.1. Rapid DNA Device

In this study, we used the RapidHit R-DNA-DB08 direct PCR analysis device (The
RapidHit used in this study is now an obsolete device and is no longer manufactured (in this form)
by Thermofisher Scientific. In this study, this device was used to test the principle of a decentralised
procedure) (Thermofisher Scientific, n.d., Waltham, MA, USA; Holland & Wendt, 2015) to
perform the DNA analysis in the decentral rapid DNA procedure. This device is capable
of analyzing 24 DNA markers and is suitable for analyzing 5 biological samples per run
(The cartridge of the equipment consists of 8 lanes with 3 lanes used for negative, positive and
blank control samples and 5 lanes left for samples). The device is fully automatic and able to
obtain raw DNA data from samples within 2 to 3 h that can be processed, interpreted, and
compared to the DNA database. The RapidHit was purchased by the National Criminal
Investigation Service (Dienst Landelijke Recherche) of the Dutch National Police and is located
in a vehicle, making it possible to use it in a mobile or decentral (outside of the laboratory)
setting. The decentralized process of rapid DNA analysis is validated and accredited for
blood and saliva samples [36].

2.2. Design

This study aimed to monitor 50 cases following the decentral rapid DNA procedure
and, in parallel, 50 similar cases following the regular DNA procedure. The selected cases
were analyzed with the aid of an extensive analysis model consisting of over 800 variables
covering general case information, the timeline, enrolled capacity, quality of the inves-
tigation and the traces, and detectives’ experience with the different DNA procedures.
Variables on the duration and quality of the investigative process were analyzed to investi-
gate the impact of the two procedures on the criminal investigation process. In this paper,
we focus on the duration of the criminal investigation process and the quality of the DNA
analysis results.

To compare results obtained with a decentral rapid DNA analysis procedure and
the traditional procedure (quality control), all DNA traces in the field experiment were
sampled with a splitable swab (Copan’s splitable 4N6 FLOQ Swabs Genetics was validated for
DNA profiling using the RapidHit and by regular DNA profiling at the NFI [37]). This splitable
swab ensures that the trace material is sampled once and then split: one half of the swab
was analyzed with the rapid DNA technology and the second half of the swab followed the
regular DNA procedure at the Netherlands Forensic Institute (NFI). Forensic investigators
were trained to sample with a rotary motion, in an attempt to obtain a homogeneous
distribution of the trace on the swab. The swab was split in a controlled environment by
a trained lab technician. A schematic overview of the design of the study is shown in
Figure 1.

2.3. Inclusion Criteria Cases and Traces

In the period of November 2020–July 2021, both serious crimes (e.g., homicides,
robberies, violent crimes) and volume crimes (e.g., property crime, vandalism) committed
in the two participating police regions (Police region Amsterdam and police region Midden-
Nederland) were eligible for this field experiment. Inclusion criteria encompassed the
following: (1) the crime scene investigation was conducted by a forensic investigator,
(2) assumed blood and/or saliva traces presumably from one donor were present at the
scene, and (3) a public prosecutor had given permission (In the Netherlands, the (forensic)
prosecutor is formally in charge of conducting the investigation and formally orders (follow-up)
investigations). For practical reasons, the field experiment was (mainly) deployed on
weekdays during office hours.
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Figure 1. Overview of research design.

In the period of December 2018–November 2019, in total 50 serious and volume crime
cases that followed the regular DNA analysis procedure but would have met the deploy-
ment criteria for the decentral rapid procedure were selected and analyzed retrospectively.
To determine whether a case would have qualified for the decentral rapid DNA procedure,
interviews were conducted with the forensic investigators and the investigation leader.
Those cases that met the criteria and would have been selected for the decentral rapid DNA
procedure were included in the study as a comparison group.

2.3.1. Exception Trace Sampling

Blood and saliva traces were sampled with the previously described splitable swab
method. In the case of cigarette butts (saliva traces) we used another procedure. In regular
DNA testing at the NFI, (part of) the cigarette butt is examined. Cigarette butts contain
substances derived from tobacco and its burning; therefore, purification steps are taken
to remove these substances. In the direct PCR analysis with the RapidHit, no purification
steps are performed; therefore, this technique is not suitable for examining cigarette butts
(and other samples with similar inhibitory substances). Consequently, cigarette butts were
not directly examined but swabbed with a regular cotton swab which was analyzed in
the RapidHit, thereby attempting to reduce the amount of inhibitors in the sample. For
analysis in the regular procedure the cigarette butt was sent to the laboratory, where part of
the paper wrapping of the filter of the cigarette was sampled and analyzed as a control,
rather than half of a splitable swab as with the other samples.

2.3.2. Trace Result Categorization

To analyze and compare the trace results of the decentral rapid DNA procedure and
the regular procedure, the trace results are divided into 4 categories: (1) ‘good DNA profile’:
a DNA profile suitable for admission to the DNA database [38]; (2) ‘profile suitable for
one-time comparison’: a DNA profile too complex for admission to the DNA database
but suitable for comparison against database reference profiles through SmartRank [39];
(3) ‘profile suitable for comparison within a case’: a complex DNA profile but informative
enough to compare to reference profiles within a case; (4) ‘no profile/unsuitable for com-
parison’. Note that, based on the validation of the system, DNA profiles obtained through
the RapidHit analyses needed to be single source to be considered for comparison. Mixed
DNA profiles were considered to be unsuitable for comparison. Mixed DNA profiles were
considered for comparison in the regular procedure.
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2.4. Procedures

For this study a new decentral rapid DNA working process was set up and evaluated
during the study. Cases following the decentral rapid DNA procedure followed the steps
listed below. For the regular DNA procedure, a simplified version of the procedural steps
is also outlined below.

2.4.1. Decentral Rapid DNA Procedure

Forensic investigators arrive at a crime scene at which potentially suitable traces
(blood and/or saliva) for the decentral rapid DNA procedure are present. If such traces
are found, the field experiment-coordinator is notified. Collectively, the suitability of
the traces is determined based on the criteria: blood and/or saliva traces with a high
probability of obtaining a full DNA profile from one donor. Permission for the decentral
rapid DNA procedure is requested from the prosecutor, based on the case and proposed
selection of traces. Upon agreement, the field experiment-coordinator notifies the forensic
lab technicians of the police region concerned, the deployment coordinator of the rapid
DNA device of the national police unit, and a DNA expert of the NFI. The rapid DNA
device is moved to a suitable location (e.g., investigation site or police station).

The forensic investigator samples suitable traces with the splitable swab and pho-
tographs the samples and traces. The samples are handed over to the lab technicians of
the relevant unit, who split the swab and hand over one half of each sample to the lab
technician of the national unit, who enters the sample into the rapid device and starts the
run (Due to the accreditation criteria, only lab technicians of the national police unit were allowed to
enter samples in the RapidHit device). The second half of the swab is analyzed at a later time,
following the regular procedure (see next paragraph). Upon completion of the analysis,
the data generated by the RapidHit is transmitted via a secure data-connection to the NFI.
At the NFI, analysts that are trained at analyzing the RapidHit system electropherogram
data analyze the obtained DNA data. The resulting DNA profiles are interpreted by a
DNA expert who also performs the comparison of the profiles (if applicable) with pro-
files within the case. The expert also initiates a DNA database search when the profiles
meet the database search criteria. The results are first reported by telephone to the field
experiment-coordinator, who informs the forensic investigators and forensic prosecutor.
Within 24 h an official DNA expert report is sent by e-mail to the forensic prosecutor, field
experiment-coordinator, and other usual recipients of DNA reports.

2.4.2. Regular DNA Procedure (Simplified)

Forensic investigators arrive at a crime scene. The forensic investigator samples and
photographs the samples and traces. If necessary, DNA sampling/pre-examination is
carried out in the police laboratory by lab technicians. The collected samples are prioritized
based on potential success rates and crime relatedness. Permission for DNA analysis
is requested from the forensic prosecutor based on the case and proposed selection of
traces. The samples are sent to a forensic laboratory, where the DNA samples are isolated,
quantified, and amplified. Material (DNA extract) is separated and stored for possible
future contra-analysis. The DNA experts analyze the obtained samples, interpret the DNA
profiles, and compare the profiles (if applicable) with profiles within the case and with
profiles stored in the DNA database for criminal cases. The results are reported in an
official DNA expert report by e-mail to the forensic prosecutor and other usual recipients
of DNA reports.

3. Results

Fifty cases that followed the regular procedure, encompassing 37 serious crime cases
and 13 volume crime cases, and 47 cases (The goal was to investigate 50 cases. During the
study period, there was limited availability of the mobile DNA device. As a result, only 47 cases
were investigated) that followed the decentral rapid procedure, encompassing 16 serious
crime cases and 31 volume crime cases were monitored. The impact of the used procedure
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on the investigative process is divided into two sections: (1) impact on duration of the
investigative process and (2) impact on the quality of the trace results.

3.1. Duration of the Investigative Process
3.1.1. Turnaround Times Decentral Rapid DNA Procedure

The turnaround time from the notification of a crime until DNA results were reported
to all parties of the case in the decentral rapid DNA procedure (n = 47) averaged 46 h. The
average time between reporting the crime and investigating the crime scene was 5.5 h.
The crime scene investigation took an average of 1 h. The time between the start of the
crime scene investigation and requesting the rapid DNA procedure averaged 7.5 h. The
data suggests that these 7.5 h of ‘time loss’ were mainly related to the moment a crime
is reported to the police. Many crimes take place in the evenings and on weekends. For
this field experiment, the rapid DNA technology was (mostly) deployable on weekdays
between 8 a.m. and 5 p.m. As a result, a relatively large amount of time was lost, not only
between the crime scene investigation and requesting the RapidHit, but especially in the
period between the implementation of the rapid DNA technology and the start of this DNA
analysis on location, which averaged 28 h. Only in 26% (12 out of 47) of the cases could the
rapid DNA procedure start on the same day as the crime scene investigation. In 36% of the
cases (17 out of 47) the procedure was performed 1 day after the incident and in 38% of the
cases (18 out of 47) the rapid DNA analysis was performed 2 or more days after the crime
scene investigation. Generating the DNA profiles with the RapidHIT took an average of 2
to 2.5 h, after which the NFI communicated the results back within, on average, 1.5 h to the
investigation leaders. Communicating the results between the forensic prosecutor, crime
scene investigators, and apprehension team took an average of 2 h. Notable here is that
communication with the forensic prosecutor and crime scene investigators was relatively
quick (respectively, after an average of 20 and 35 min) however results were communicated
to the teams responsible for the apprehension after an average 3 h. This average time is
slightly higher as in some cases the results were not communicated to the apprehension
team until several days after the reporting.

3.1.2. Duration Investigative Process Decentral Rapid DNA Procedure vs. Regular Procedure

In order to understand the potential impact of the decentralized rapid DNA procedure
on the duration of the investigation process and on the identification of suspects (Throughout
this paper we refer to ‘identification of suspect’ to summarize the results of DNA comparison (through
the DNA database or with reference profiles in a case) and likelihood ratio calculations supporting
the presence of DNA of an individual in the sample. Whether or not this resulted identification of
the person of interest, and this person being considered a suspect are legal matters that are outside
of the scope of this paper) in comparison to the regular DNA procedure, all cases where an
identification occurred as a result of a comparison with the DNA database and forensic
investigators had a leading role in the identification of a suspects (regular DNA procedure,
11 of the 37 cases; rapid DNA procedure, 19 of 36 cases (In 22 cases a donor was identified
through a search in the DNA database. In 3/22 cases the apprehension team identified the suspect
prior to the DNA database result. Therefore these 3 cases were excluded for this analysis.)) were
analyzed. In these cases, the rapid DNA technology can provide a potential acceleration
in the investigative procedure. The date and time of different stages in the investigative
procedure were recorded and used for this analysis, namely: report of the crime, start
of the crime scene investigation, RapidHIT deployment, prioritization of traces, sending
traces/data to the NFI, DNA report, and identification and apprehension or signaling of
the suspect.

As mentioned previously, the average time to identify a person via the decentral rapid
DNA procedure (from the start of the crime scene investigation to the identification of the
person as a result of a DNA database match) averaged 46 h ≈ 2 days (n = 19). Duration
between the date of identification and the apprehension or signaling of a suspect averaged
20 days (median 4 days) in the decentral rapid procedure. In five out of the nineteen
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cases (26%), the suspect was apprehended within two days after the identification. In the
regular procedure (n = 11), the time (in days) to identify a person (from the start of the
crime scene investigation to identification) averaged 66 days (median 49 days). After crime
scene investigation, it took on average 29 days (median 29 days) before traces were selected
and prioritized by the police, after which it took on average another 16 days (median
4 days) before the traces were sent to the laboratory for DNA analysis. After arrival, traces
were booked in (average 2 days; median 1 day), interpreted, and reported back within an
average of 19 days (median 15 days). The average time between the date of identification
and the apprehension or signaling of a suspect averaged 126 days (median 73 days) in cases
following the regular procedure (n = 11). A more detailed timeline with the median and
quartiles can be found in Figure 2.

There is a significant acceleration in the investigative process from the report of a crime
until the apprehension or signaling of a suspect in the decentral rapid DNA procedure
compared to the regular procedure (t(28) = 3.750, p = 0.001). An in-depth analysis of the
data shows that there was a significant acceleration between the two procedures in the
following steps of the process: ‘sending traces/data to the NFI‘ (t(28) = 3.181, p = 0.004);
‘DNA report/identification’ (t(28) = 2.275, p = 0.032) and ‘apprehension or signaling suspect‘
(t(28) = 5.609, p < 0.001). No significant acceleration between the two groups was seen in
the duration of the ‘crime scene investigation’ (t(28) = 1.514, p = 0.159) and the ‘registration
of traces at NFI’ (t(28) = 1.092, p = 0.284).

3.2. Quality of the Trace Results

In the 47 cases where the RapidHit was deployed, a total of 97 blood and 38 saliva
traces were sampled with the splitable swab. Blood and saliva traces analyzed with the
decentral rapid DNA procedure provided (non-complex) single DNA profiles in 65% of the
blood traces (63 out of 97) and in 26% of saliva traces (10/38).

3.2.1. Identifications

The trace results yielded at least one usable DNA profile in 37 of the 47 cases (79%)
analyzed with the decentral rapid DNA procedure, which led to the identification of a
potential donor of the trace in 25 of the 47 cases (Previously, in section ‘Duration investigative
process decentral rapid DNA procedure vs. regular procedure,’ 19 identifications were discussed
with the decentral rapid DNA procedure in which forensic investigators were leading in identifying
suspects. Here, all identifications obtained with the RapidHit are discussed) (53%). In 22/25 cases,
a potential donor was identified through a search in the national DNA database for criminal
cases. In 19/22 cases, this was a blood trace and in the remaining 3 cases a saliva trace. In
3/25 cases, a match with a trace of known origin, a saliva reference sample, was found. Of
the 25 identifications, 28% (7/25) were found in serious crime cases (5 through the DNA
database, 2 through a ‘reference’) and 72% (18/25) were found in volume crime cases (17
through the DNA database and 1 through a ‘reference’).

The same traces analyzed with the regular procedure (second half of the splitable
swab) provided (non-complex) single DNA profiles in 92% (89/97) of the blood traces
and in 68% (26/38) of the saliva traces, giving at least one usable DNA profile in 45 of the
47 cases (96%), leading to an additional 19% identifications (9 of 47 cases; 4 blood traces,
5 saliva traces). Next to this, there was one case where the rapid procedure did yield a DNA
profile suitable for comparison that could be compared manually once with individuals
in the DNA database, but this comparison did not yield a match. The (more sensitive)
laboratory analysis of this trace, on the other hand, did yield an identification with the DNA
database. Subsequent analysis showed that rapid DNA analysis had generated a profile
with only a few markers causing a DNA database identification with a low probative value,
which did not result in an identification.
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3.2.2. Quality of the Generated DNA Profiles

With the rapid procedure, a good DNA profile (suitable for admission to the DNA
database) was generated for 45% of the blood traces (44/97), while the regular procedure
resulted in a good profile in 95% (92 of 97) of the blood traces. Saliva traces (n = 38) were
divided into three subcategories: saliva, cigarette, and reference buccal swab samples. For
saliva traces, a good DNA profile was produced for 8% (2/25) of the traces with the rapid
procedure versus 56% (14/25) with the regular procedure. Swabs from seven cigarette
butts were examined with the rapid procedure, none of which resulted in a good DNA
profile (During the field experiment, based on experience, stricter criteria for selecting saliva traces
than for blood traces were implemented. Cases with a single cigarette butt (saliva trace) were no
longer eligible for analysis with the rapid DNA equipment, and samples from face masks also proved
unsuitable for deployment of the DNA analysis equipment). The regular DNA analysis consisted
of analyzing the cigarette butt’s filter paper in the extraction and resulted in a good profile
for four butts. Four of the six reference buccal swabs resulted in good DNA profiles in the
decentral rapid procedure vs. five in the regular procedure.

In Figure 3, the results of the DNA profiles obtained with the decentral rapid DNA
procedure are visualized and compared with the DNA profiles obtained by the regular
procedure from the same samples. The percentage of a ‘good profile’ was significantly
(p < 0.01) higher using the regular DNA examination compared to the rapid procedure for
all types of traces—except the reference buccal swabs.
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Figure 3. (a) DNA profiles generated by decentral rapid procedure. (b) DNA profiles generated by
regular procedure.

Analysis of the DNA markers showed that the quality of DNA profiles obtained with
the rapid procedure is structurally lower compared to DNA profiles obtained by regular
procedure; predominantly lower peak heights (low template DNA profiles) are observed
for 43% of the traces analyzed with the rapid procedure (58/135) versus 11% in the regular
procedure (15/135). For 62% of the traces analyzed with the rapid procedure (83/135),
imbalance between the peaks and stochastic effects, such as allele and locus drop-out,
occurred versus 17% in the regular procedure (23/135). Also, artifacts are often visible in
the profiles obtained with the rapid procedure such as broadly spaced peaks, asymmetric
peaks, signal pull-up and distorted baselines.

3.2.3. Sensitivity RapidHit

The sensitivity of the RapidHit to derive a full DNA profile is set on the threshold
of 0.25 µL of blood on a cotton swab by the company ThermoFisher [40]. Blood contains
0.020–0.040 µg DNA/µL blood [41,42], equaling that the stated threshold of 0.25 µL blood
contains 5–10 ng DNA.

The RapidHit does not measure DNA quantity, therefore the DNA quantity of the
analyzed samples by the rapid procedure is unknown. However, the amount of DNA in
the laboratory samples was quantified in the regular procedure. Evidently, the quantities
on both parts of the splitable swab cannot be assumed to be exactly the same. Yet, due
to the used swabbing technique it can be assumed that the quantities are comparable to
some extent. For this analysis it is assumed that the amount of DNA in the swab half
analyzed with the RapidHit is equal to the amount of DNA in the other half analyzed in
the laboratory.

Starting at a DNA quantity of 75.3 ng DNA for blood traces, mainly ‘good DNA
profiles’ were observed in 87% of the blood samples. For saliva traces, 46% of saliva
samples resulted in a ‘good DNA profile’ when the sample contained at least 96.6 ng
of DNA. With lower quantities, usable DNA profiles were obtained sporadically. The
lowest amount of DNA from which the RapidHit could extract a DNA profile usable for
comparison with the DNA database was 2.2 ng DNA for blood traces and 33.9 ng DNA
for saliva traces. The distribution of the DNA quantity of blood (n = 97) and saliva traces
(n = 38) of the laboratory results linked with the profiles generated by the RapidHit is
shown in Figures A1 and A2 in the Appendix A.
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Based on ThermoFisher’s stated threshold of being able to derive a full DNA profile
with 5–10 ng DNA (0.25 µL of applied blood on a swab), we would have expected that the
DNA samples in our study would have yielded a ‘good’ DNA profile more often.

4. Discussion

In this study, the effect of a decentralized (outside the laboratory) rapid DNA technique
was investigated by comparing 47 real criminal cases where 135 real crime scene samples
were analyzed with this procedure to 50 cases following the regular DNA procedure.

4.1. Duration Investigative Process

The decentral rapid DNA procedure has strongly accelerated the duration of the
investigative process compared to the regular investigative procedure (average 22 days
vs. 192 days) in cases where a person was identified as a result of identification with the
DNA database. This result is mainly achieved by: (1) the acceleration on procedural steps
before traces can be send to the laboratory in the regular procedure (average 45 days) vs.
deployment of the RapidHit (average 2 days); (2) the acceleration of the analysis (average
2–2.5 h) and interpretation (average 1.5 h) of the DNA results in the decentral rapid DNA
procedure vs. DNA analysis of traces in the regular procedure (average 19 days); (3) and
apprehension or signaling of a suspect averaged 20 days in the decentral rapid DNA
procedure vs. 126 days in cases following the regular procedure.

There may be a variety of reasons why suspects are not apprehended immediately
upon identification. For example, in one case following the decentral rapid DNA procedure,
it was decided to wait 6 days before apprehending a suspect because more evidence needed
to be collected. In another case, a DNA profile in the DNA database needed to be ‘upgraded’
to ensure the reliability of the identification before the suspect could be apprehended,
spanning 28 days. In a third case, it took a relatively long time before a suspect could
be signaled as the cases concerned a Prüm (An international comparison of DNA profiles
between (EU) member countries. The comparison is done in writing through mutual legal assistance
requests or automated based on EU legislation based on the Prüm treaty) identification and
the paperwork took 131 days. There were also instances when a suspect could not be
apprehended immediately due to lack of capacity i.e., available police.

In general, the time of the whole investigative process seems to have been signifi-
cantly reduced compared to the regular procedure. However, the low number of cases
and variability between the cases asks for cautious statements about the added value of
the procedure for the processing time from identification to apprehension. This is partly
because in the decentral rapid DNA procedure the field experiment leaders, crime scene
investigators, forensic prosecutor, and case officers proactively shared identifying informa-
tion, which affects the speed of the apprehension or signaling of a suspect. Implicitly and
explicitly, there has been prioritization to the cases following the rapid procedure.

4.2. Trace Results

In total, in 53% of the cases (25/47 cases) a match with a donor was found using the
RapidHit. A fast identification was obtained in 40% of the cases (19/47 cases) through a
blood trace, and in 13% of the cases through a saliva trace (6/47). Of these 25 identifications,
28% (7/25) were found in serious crime cases and 72% (18/25) in volume crime cases.
This indicates that the decentralized rapid DNA procedure is more suitable for volume
crime cases with a relatively high percentage of repeat offenders, whose DNA profiles are
relatively often included in the DNA database.

Due to the lower sensitivity of the RapidHit compared to the DNA analysis in the
regular procedure, identifying information was lost in 19% of the cases following the rapid
procedure, where analysis at the laboratory did yield an identification (this was the case
with 4 blood traces and 5 saliva traces). The RapidHit generated a good DNA profile
(suitable for admission to the DNA database) in 42% of the blood traces (41/97); while the
regular procedure resulted in a good profile in 94% (91 of 97) of these traces. Although
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these are apparently reasonable results, blood traces do sacrifice a great deal in terms of
the quality of the DNA profile in the rapid DNA analysis procedure. For saliva traces
a good DNA profile was produced for 8% (2/25) of the traces with the rapid procedure
versus 52% (13/25) with the regular procedure. By default saliva contains less DNA than
blood, possibly explaining the lower results (Saliva is also a more complex matrix intended
for degradation of biological material, which can also explain the lower DNA results). Next to
this, the uncertainty in collecting invisible saliva traces based on contextual information
compared to directly sampling visible blood stains could also be a reason for the reduced
number of useful DNA profiles. The results of regular DNA analysis of these saliva traces
indicated that many of them are not promising traces, arguing that only large/visible saliva
traces with a high success rate should be selected for analysis with the RapidHit. None of
the saliva traces sampled from the cigarette butts examined with the rapid DNA analysis
procedure resulted in a good DNA profile, demonstrating that this technique is unsuitable
for examining sampled cigarette butts. These limited DNA results for blood and saliva
traces were expected and confirm the results of the validation study performed by the
NFI [37]. The results also emphasize that the use of the RapidHit 200 for analyzing crime
scene traces should be handled with caution and additional requirements as stated by the
ENSFI, SWGDAM and Rapid DNA task group, should be taken into account before rapid
(mobile) DNA technologies can be used for crime scene traces [32].

4.2.1. Contamination

In one case a noteworthy result was found. One swab derived from a cigarette butt
was examined using the rapid procedure. This sample was examined in lane 1 of the
cartridge. Lanes 2 through 5 were left empty. When analyzing the data, it was found that
lane 1 did not produce a DNA profile. However, in lane 2, a single, almost complete DNA
profile of an unknown man was obtained. To find the cause of this possible contamination,
the cigarette butt sample from lane 1 was subsequently submitted for regular DNA testing
at the NFI. This resulted in a single DNA profile, that did not match the DNA profile
of the unknown man from lane 2. The DNA profile of the unknown man from lane 2
was compared with the national elimination DNA database and once with the Dutch
DNA database for criminal cases. The profile was also compared with employees of the
manufacturer of the cartridge. None of the comparisons resulted in a match. This raises the
question how error- and contamination-prone and usable this equipment is for crime scene
traces, which may warrant additional research in this area.

4.2.2. Mistyping

For six DNA profiles obtained with the rapid procedure, one or two STR markers
were mistyped based on the control analysis performed. All six profiles were low-template
DNA profiles, for which this is a well-known phenomenon. Mistyping can lead to a loss
of probative value of possible matches or to differences in the list of possible matches
after searching a DNA database. No incorrect identifications occurred due to mistyping
in the field experiment cases. Yet, additional research should indicate the probability of
incorrect individualization.

4.2.3. Multiple Donors

In four samples (two blood and two saliva), the rapid procedure resulted in a DNA
profile with characteristics of one person whereas the quality control resulted in a DNA
mixture profile of two or more persons for these samples. This is caused by the difference
in sensitivity between the two techniques. The main donor of the four samples was found
by the rapid procedure, but the additional donors who contributed relatively little DNA,
were not detected. It can be very relevant in a case to know whether DNA from one
individual is present or DNA from more individuals is present in a sample. For example,
in addition to the main profile of the victim, a possible offender profile may appear as a
minor contributor. If rapid (mobile) DNA equipment will be implemented in case work,
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careful consideration must be given to the potential impact of missing donors in the trace
results. It is recommended that alongside the RapidHit, traces should also be analyzed
with a more sensitive technique in order to not lose information.

5. Conclusions

The duration of the investigation process in cases where the decentral rapid DNA pro-
cedure was deployed has been significantly reduced compared to cases where the regular
procedure was used. Most of the delay in the regular process lies in the procedural steps
during the police investigation, not in the DNA analysis. This highlights the importance of
an effective work process and having sufficient capacity available. Rather than focusing
on technological solutions, improved turnaround times can be achieved by dedicated
innovations in operational procedures.

This study shows, in correspondence with known literature, that rapid DNA tech-
niques are less sensitive than regular DNA analysis equipment. Comparison between the
RapidHit 200 and regular DNA analysis shows that especially saliva traces secured at a
crime scene should be selected critically with regard to the potential limited DNA quantity
(success rate) before analyzing them with a rapid DNA technology. The rapid equipment is
therefore, to a limited extent, suitable for the analysis of saliva traces secured at the crime
scene and can mainly be used for the analysis of visible blood traces with an expected high
DNA quantity of a single donor.

Incorporating rapid DNA analysis equipment in real casework could be promising.
This study has shown that rapid results have led to multiple quick identifications of
suspects, especially in volume crime cases. However, the quality of the DNA profiles
generated using the RapidHit are still far from desirable compared to the results obtained
by the regular procedure. Due to the lower sensitivity of the RapidHit and the inconsistent
results, particularly of saliva traces, it is necessary that crime scene traces are also examined
in the laboratory to prevent loss of information until more advanced equipment is available.

The acceleration in the procedure is largely dependent on an efficient work process.
The question remains whether the achieved results are opportune (enough) to invest in
further development of this procedure for the analysis of real crime scene traces with the
current available technology. Additional research is highly recommended to evaluate other
equipment and sampling methods and develop criteria for selecting crime scene traces that
are suitable for the less sensitive rapid (mobile) DNA procedure. Next to this, it should be
kept in mind that rapid technologies and the choice of mobile solutions are only part of the
whole range of possibilities to explore the best set of methods and procedures to meet the
needs for rapid and effective investigations.

Author Contributions: Conceptualization, R.d.R., A.M., M.v.C., B.v.H., S.K., B.K., T.V. and C.d.P.;
methodology, R.d.R., A.M., M.v.C., B.v.H., S.K., B.K., T.V. and C.d.P.; validation, S.K. and B.K.; formal
analysis, R.d.R.; investigation, A.M., M.v.C., B.v.H., S.K., B.K. and T.V.; resources, A.M., S.K., B.K. and
T.V.; data curation, R.d.R., M.v.C. and B.v.H.; writing—original draft preparation, R.d.R.; writing—
review and editing, R.d.R., A.M., M.v.C., B.v.H., S.K., B.K., T.V. and C.d.P.; visualization, R.d.R.;
supervision, A.M. and C.d.P.; funding acquisition, A.M. and C.d.P. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was funded by RAAK-Public, Grant number RAAK.PUB03.037, from the
Taskforce for Applied Research SIA of the Dutch Research Council (NWO).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are not available due to privacy restrictions.

Acknowledgments: We gratefully acknowledge the enormous commitment and contribution of
all those involved in the Project Group and Advisory Group of the ‘LocalDNA-Project’. Each of
them ensured that the decentral rapid DNA procedure could be developed and applied to real cases.
We would also like to thank the National Police Unit (Landelijke Eenheid) for providing the Rapid



Sensors 2023, 23, 4153 13 of 15

equipment, and our students Nienke Willemsen, Ellen Velt, Bo Staals, Marit van Tiggelen and David
Smit for their hard work and enormous commitment.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Sensors 2023, 23, x FOR PEER REVIEW  14  of  16 
 

 

equipment, and our students Nienke Willemsen, Ellen Velt, Bo Staals, Marit van Tiggelen and David 

Smit for their hard work and enormous commitment. 

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A 

 

Figure A1. The distribution of the DNA quantity of blood traces (n = 97) of the laboratory samples 

analyzed by the regular procedure linked with the profiles generated by the RapidHit. The dotted 

line  is the point from which mainly (86%)  ‘good profiles’ were produced. The solid  lines are the 

stated threshold of the RapidHit to derive a full DNA profile 0.25 µL of blood, containing 5–10 ng 

of DNA. 

 

Figure A2. The distribution of the DNA quantity of saliva traces (n = 38) of the laboratory samples 

analyzed by the regular procedure linked with the profiles generated by the RapidHit. The dotted 

Figure A1. The distribution of the DNA quantity of blood traces (n = 97) of the laboratory samples
analyzed by the regular procedure linked with the profiles generated by the RapidHit. The dotted
line is the point from which mainly (86%) ‘good profiles’ were produced. The solid lines are the stated
threshold of the RapidHit to derive a full DNA profile 0.25 µL of blood, containing 5–10 ng of DNA.

Sensors 2023, 23, x FOR PEER REVIEW  14  of  16 
 

 

equipment, and our students Nienke Willemsen, Ellen Velt, Bo Staals, Marit van Tiggelen and David 

Smit for their hard work and enormous commitment. 

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A 

 

Figure A1. The distribution of the DNA quantity of blood traces (n = 97) of the laboratory samples 

analyzed by the regular procedure linked with the profiles generated by the RapidHit. The dotted 

line  is the point from which mainly (86%)  ‘good profiles’ were produced. The solid  lines are the 

stated threshold of the RapidHit to derive a full DNA profile 0.25 µL of blood, containing 5–10 ng 

of DNA. 

 

Figure A2. The distribution of the DNA quantity of saliva traces (n = 38) of the laboratory samples 

analyzed by the regular procedure linked with the profiles generated by the RapidHit. The dotted 
Figure A2. The distribution of the DNA quantity of saliva traces (n = 38) of the laboratory samples
analyzed by the regular procedure linked with the profiles generated by the RapidHit. The dotted
line is the point from which 46% of ‘good profiles’ were obtained. The solid lines are the stated
threshold of the RapidHit to derive a full DNA profile 0.25 µL of blood, containing 5–10 ng.

References
1. Mapes, A. Rapid DNA Technologies at the Crime Scene: ‘CSI’ fiction Matching Reality. Ph.D. Thesis, UV University, Amsterdam,

The Netherlands, 2017.
2. Butler, J.M. The Future of Forensic DNA Analysis. Philos. Trans. R. Soc. B Biol. Sci. 2015, 370, 20140252. [CrossRef] [PubMed]
3. De Poot, C. Het Gebruik Van DNA in Het Opsporingsproces. Justitiële Verkenn. 2021, 47, 20–43. [CrossRef]

https://doi.org/10.1098/rstb.2014.0252
https://www.ncbi.nlm.nih.gov/pubmed/26101278
https://doi.org/10.5553/JV/016758502021047001003


Sensors 2023, 23, 4153 14 of 15

4. Jakovski, Z.; Ajanovska, R.J.; Stankov, A.; Poposka, V.; Bitoljanu, N.; Belakaposka, V. The Power of Forensic DNA Data Bases in
Solving Crime Cases. Forensic Sci. Int. Genet. Suppl. Ser. 2017, 6, e275–e276. [CrossRef]

5. Bitzer, S.; Albertini, N.; Lock, E.; Ribaux, O.; Delémont, O. Utility of the clue—From Assessing the Investigative Contribution of
Forensic Science to Supporting the Decision to use Traces. Sci. Justice 2015, 55, 509–513. [CrossRef]

6. Hayes, J. Forensic Testing Turnaround Times in 50 States; Connecticut General Assembly, Office of Legislative Research: Hartford,
CT, USA, 2010.

7. Asplen, C. The Application of DNA Technology in England and Wales; US Department of Justice: Washington, DC, USA, 2004.
8. Miller, K.; Duncan, J. Impact of Automated Methods on Forensic Workflows. J. Forensic Sci. Crim. Investig. 2017, 4, 555645.

[CrossRef]
9. Kelty, S.F.; Julian, R.; Hayes, R. The Impact of Forensic Evidence on Criminal Justice: Evidence from Case Processing Studies. In

Forensic Science and the Administration of Justice: Critical Issues and Directions; Strom, K.J., Hickman, M.J., Eds.; Sage: Thousand
Oaks, CA, USA, 2015; pp. 101–120.

10. Van Wijk, A.; Hardeman, M. Insourcing en/of Outsourcing van Forensisch Onderzoek. Cah. Politiestud. 2015, 3, 121–147.
11. Roux, C.; Bucht, R.; Crispino, F.; De Forest, P.; Lennard, C.; Margot, P.; Miranda, M.D.; NicDaeid, N.; Ribaux, O.; Ross, A.

The Sydney declaration–Revisiting the Essence of Forensic Science through its Fundamental Principles. Forensic Sci. Int. 2022,
332, 111182. [CrossRef]

12. De Poot, C.; van Koppen, P. Het opsporingsonderzoek. In Reizen Met Mijn Rechter: Psychologie Van Het Recht; van Koppen,
P.J.H.M., Ed.; Kluwer: Deventer, The Netherlands, 2010; pp. 175–202.

13. Kloosterman, A.; Mapes, A.; Geradts, Z.; van Eijk, E.; Koper, C.; van den Berg, J.; Verheij, S.; van der Steen, M.; van Asten, A.
The Interface between Forensic Science and Technology: How Technology could Cause a Paradigm Shift in the Role of Forensic
Institutes in the Criminal Justice System. Philos. Trans. R. Soc. B Biol. Sci. 2015, 370, 20140264. [CrossRef]

14. Verheij, S.; Clarisse, L.; van den Berge, M.; Sijen, T. RapidHIT™ 200, a Promising System for Rapid DNA Analysis. Forensic Sci.
Int. Genet. Suppl. Ser. 2013, 4, e254–e255. [CrossRef]

15. Mogensen, H.; Frank-Hansen, R.; Simonsen, B.; Morling, N. Performance of the RapidHIT™ 200. Forensic Sci. Int. Genet. Suppl.
Ser. 2013, 4, e286–e287. [CrossRef]

16. Turingan, R.S.; Brown, J.; Kaplun, L.; Smith, J.; Watson, J.; Boyd, D.A.; Steadman, D.W.; Selden, R.F. Identification of Human
Remains using Rapid DNA Analysis. Int. J. Leg. Med. 2020, 134, 863–872. [CrossRef] [PubMed]

17. Van Asten, A. On the Added Value of Forensic Science and Grand Innovation Challenges for the Forensic Community. Sci. Justice
2014, 54, 170–179. [CrossRef] [PubMed]

18. Mapes, A.; Kloosterman, A.; van Marion, V.; de Poot, C. Knowledge on DNA Success Rates to Optimize the DNA Analysis
Process: From Crime Scene to Laboratory. J. Forensic Sci. 2016, 61, 1055–1061. [CrossRef]

19. Boiso, S.; Dalin, E.; Seidlitz, H.; Sidstedt, M.; Trygg, E.; Hedman, J.; Ansell, R. RapidHIT for the Purpose of Stain analyses–An
Interrupted Implementation. Forensic Sci. Int. Genet. Suppl. Ser. 2017, 6, 589–590. [CrossRef]

20. Thong, Z.; Phua, Y.H.; Loo, E.S.; Goh, S.K.; Ang, J.; Looi, W.F.; Syn, C.K.C. Evaluation of the RapidHIT™ 200 System: A
Comparative Study of its Performance with Maxwell® DNA IQ™/Identifiler® Plus/ABI 3500xL Workflow. Forensic Sci. Int.
Genet. 2015, 19, 22–27. [CrossRef] [PubMed]

21. Martin, B.; Kaesler, T.; Linacre, A. Analysis of Rapid HIT Application to Touch DNA Samples. J. Forensic Sci. 2022, 67, 1233–1240.
[CrossRef]

22. Hinton, N.; Springstead, T.; Wright, K.; McNamara, K.P. Evaluation of Rapid DNA using ANDE™ in a Technical Exploitation
Level 2 Laboratory Workflow. J. Forensic Sci. 2021, 66, 1879–1888. [CrossRef]

23. Ward, D.; Henry, J.; Taylor, D. Analysis of Mixed DNA Profiles from the RapidHIT™ ID Platform using Probabilistic Genotyping
Software STRmix™. Forensic Sci. Int. Genet. 2022, 58, 102664. [CrossRef]

24. Kitayama, T.; Fukagawa, T.; Watahiki, H.; Mita, Y.; Fujii, K.; Unuma, K.; Sakurada, K.; Uemura, K.; Sekiguchi, K.; Mizuno,
N. Evaluation of Rapid DNA System for Buccal Swab and Disaster Victim Identification Samples. Leg. Med. 2020, 46, 101713.
[CrossRef]

25. Gin, K.; Tovar, J.; Bartelink, E.J.; Kendell, A.; Milligan, C.; Willey, P.; Wood, J.; Tan, E.; Turingan, R.S.; Selden, R.F. The 2018
California Wildfires: Integration of Rapid DNA to Dramatically Accelerate Victim Identification. J. Forensic Sci. 2020, 65, 791–799.
[CrossRef]

26. Thong, Z.; Phua, Y.H.; Loo, E.S.; Shue, B.H.; Syn, C.K.C. Investigative Leads from DNA: Casework Experience from the IntegenX
RapidHIT™ 200 System. Forensic Sci. Int. Genet. Suppl. Ser. 2015, 5, 69–70. [CrossRef]

27. Turingan, R.S.; Tan, E.; Jiang, H.; Brown, J.; Estari, Y.; Krautz-Peterson, G.; Selden, R.F. Developmental Validation of the ANDE 6C
System for Rapid DNA Analysis of Forensic Casework and DVI Samples. J. Forensic Sci. 2020, 65, 1056–1071. [CrossRef] [PubMed]

28. Dalin, E.; Seidlitz, H.; Ansell, R.; Forsberg, C. Rapid DNA: A Summary of Available Rapid DNA Systems; Swedish National Forensic
Centre—NFC, Biology Section: Linköping, Sweden, 2022.

29. De Gruijter, M. The Influence of Rapid Identification Technologies on CSI Behaviour. Ph.D. Thesis, UV University, Amsterdam,
The Netherlands, 2017.

30. De Gruijter, M.; Nee, C.; De Poot, C.J. Rapid Identification Information and its Influence on the Perceived Clues at a Crime Scene:
An Experimental Study. Sci. Justice 2017, 57, 421–430. [CrossRef]

https://doi.org/10.1016/j.fsigss.2017.09.085
https://doi.org/10.1016/j.scijus.2015.05.005
https://doi.org/10.19080/JFSCI.2017.04.555645
https://doi.org/10.1016/j.forsciint.2022.111182
https://doi.org/10.1098/rstb.2014.0264
https://doi.org/10.1016/j.fsigss.2013.10.130
https://doi.org/10.1016/j.fsigss.2013.10.146
https://doi.org/10.1007/s00414-019-02186-y
https://www.ncbi.nlm.nih.gov/pubmed/31781850
https://doi.org/10.1016/j.scijus.2013.09.003
https://www.ncbi.nlm.nih.gov/pubmed/24630329
https://doi.org/10.1111/1556-4029.13102
https://doi.org/10.1016/j.fsigss.2017.10.002
https://doi.org/10.1016/j.fsigen.2015.05.006
https://www.ncbi.nlm.nih.gov/pubmed/26051364
https://doi.org/10.1111/1556-4029.14964
https://doi.org/10.1111/1556-4029.14728
https://doi.org/10.1016/j.fsigen.2022.102664
https://doi.org/10.1016/j.legalmed.2020.101713
https://doi.org/10.1111/1556-4029.14284
https://doi.org/10.1016/j.fsigss.2015.09.028
https://doi.org/10.1111/1556-4029.14286
https://www.ncbi.nlm.nih.gov/pubmed/32040208
https://doi.org/10.1016/j.scijus.2017.05.009


Sensors 2023, 23, 4153 15 of 15

31. Mapes, A. Rapid DNA Analysis at a Mock Crime Scene: The Impact on Collecting and Analysing DNA Traces. Ph.D. Thesis, UV
University, Amsterdam, The Netherlands, 2017; pp. 80–109.

32. Hares, D.; Kneppers, A.; Onorato, A.J.; Kahn, S. Rapid DNA for Crime Scene use: Enhancements and Data Needed to Consider
use on Forensic Evidence for State and National DNA Databasing—An Agreed Position Statement by ENFSI, SWGDAM and the
Rapid DNA Crime Scene Technology Advancement Task Group. Forensic Sci. Int. Genet. 2020, 48, 102349. [CrossRef] [PubMed]

33. Programmaplan ‘De Opsporing Verdient Sporen’. 2019; Unpublished internal document.
34. De Roo, R.; De Poot, C. LocalDNA: De Ontwikkeling En Werking Van Een Snelle DNA-Onderzoeksroute in De Opsporingspraktijk;

Amsterdam University of Applied Sciences: Amsterdam, The Netherlands, 2022.
35. Mapes, A. LocalDNA: DNA-Onderzoek Op Locatie; Raak Publiek: Utrecht, The Netherlands, 2016; pp. 1–19.
36. Dienst Landelijke Recherche. Accreditatie RapidHit200. Dienst Land. Rech. 2019; Unpublished internal document.
37. Duijs, F.; Sijen, T.; Kneppers, S. Optimalisatierapport Splitsbare Swab RapidHit. 2020; Unpublished internal document.
38. ENSFI—DNA Working Group. DNA Databank Management Review and Recommendations; ENSFI: Wiesbaden, Germany, 2017.
39. Benschop, C.C.; van de Merwe, L.; de Jong, J.; Vanvooren, V.; Kempenaers, M.; van der Beek, C.K.; Barni, F.; López Reyes, E.;

Moulin, L.; Pene, L.; et al. Validation of SmartRank: A likelihood ratio software for searching national DNA databases with
complex DNA profiles. Forensic Sci. Int. Genet. 2017, 29, 145–153. [CrossRef]

40. RapidHIT™ GlobalFiler™ Express (GFE) Kit Developmental Validation and Applications Summary; Thermo Fisher Scientific Inc.:
Waltham, MA, USA, 2018; pp. 1–4.

41. QIAGEN. How Much DNA and RNA can be Expected from Human Blood Cells? 2023. Available online: https://www.qiagen.
com/us/resources/faq?id=01070e31-3a4c-42d7-870c-e8005285889f&lang=en (accessed on 11 January 2023).

42. Biosearch Technologies. What is the Expected Yield of DNA from Blood Samples? 2023. Available online: https://www.
biosearchtech.com/support/faqs/kasp-genotyping-services/what-is-the-expected-yield-of-dna-from-blood-samples#:~:
text=We%20would%20expect%20to%20obtain,blood%20from%20a%20healthy%20individual (accessed on 11 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.fsigen.2020.102349
https://www.ncbi.nlm.nih.gov/pubmed/32674032
https://doi.org/10.1016/j.fsigen.2017.04.008
https://www.qiagen.com/us/resources/faq?id=01070e31-3a4c-42d7-870c-e8005285889f&lang=en
https://www.qiagen.com/us/resources/faq?id=01070e31-3a4c-42d7-870c-e8005285889f&lang=en
https://www.biosearchtech.com/support/faqs/kasp-genotyping-services/what-is-the-expected-yield-of-dna-from-blood-samples#:~:text=We%20would%20expect%20to%20obtain,blood%20from%20a%20healthy%20individual
https://www.biosearchtech.com/support/faqs/kasp-genotyping-services/what-is-the-expected-yield-of-dna-from-blood-samples#:~:text=We%20would%20expect%20to%20obtain,blood%20from%20a%20healthy%20individual
https://www.biosearchtech.com/support/faqs/kasp-genotyping-services/what-is-the-expected-yield-of-dna-from-blood-samples#:~:text=We%20would%20expect%20to%20obtain,blood%20from%20a%20healthy%20individual

	Introduction 
	Materials and Methods 
	Rapid DNA Device 
	Design 
	Inclusion Criteria Cases and Traces 
	Exception Trace Sampling 
	Trace Result Categorization 

	Procedures 
	Decentral Rapid DNA Procedure 
	Regular DNA Procedure (Simplified) 


	Results 
	Duration of the Investigative Process 
	Turnaround Times Decentral Rapid DNA Procedure 
	Duration Investigative Process Decentral Rapid DNA Procedure vs. Regular Procedure 

	Quality of the Trace Results 
	Identifications 
	Quality of the Generated DNA Profiles 
	Sensitivity RapidHit 


	Discussion 
	Duration Investigative Process 
	Trace Results 
	Contamination 
	Mistyping 
	Multiple Donors 


	Conclusions 
	Appendix A
	References

