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Abstract

Background/Objectives: Rapid DNA systems accelerate STR profiling but often require the
consumption of the entire swab, limiting confirmation testing or downstream analyses. We
previously validated a simple subsampling protocol for blood swabs on the RapidHIT™
ID, using a rigid subungual mini-swab (Copan Italia S.p.A). A new version of this instru-
ment has recently been released, featuring redesigned software and consumables. The
RapidINTEL™ Plus sample cartridge now enables two distinct lysis/extraction protocols,
expanding analytical possibilities for rich biological traces. We evaluated subsampling
performance using the subungual mini-swab and microFLOQ® swabs (Copan Italia S.p.A),
and assessed feasibility for both blood and buccal reference swabs. Methods: Whole blood
from four donors was deposited onto regular Copan swabs (10 uL) or microFLOQ® swabs
(1 pL). A comparison was performed between the direct analysis of blood swabs using a
RapidHIT™ ID V1 (RapidINTEL™ cartridge) and a RapidHIT™ ID V2 (RapidINTEL™
Plus cartridge, GENERAL protocol). Subsequently, both the GENERAL and SPECIALIZED
protocols were tested after subsampling from primary blood or buccal swabs dried for
24 h using either a subungual mini-swab or a microFLOQ®. Results: Blood-swab sub-
sampling on the V2 produced usable STR profiles with both the subungual mini-swab
and the microFLOQ®. The subungual mini-swab was compatible with both the GEN-
ERAL and SPECIALIZED protocols. For blood applications, microFLOQ® fiber treatment
showed no inhibitory effects. Reference buccal swabs were successfully analyzed with the
RapidINTEL™ Plus cartridge, either directly (regular swab) or via subungual subsampling
under both protocols. In contrast, in this feasibility dataset (single analysis per donor
per condition), subsampling a reference swab with microFLOQ® did not yield suitable
profiles for RapidINTEL™ Plus analysis under the tested conditions. Conclusions: This
feasibility study indicates that the subsampling strategy can be applied on the Rapid HIT™
ID V2, particularly using subungual mini-swabs, to retain the primary swab for potential
downstream testing while maintaining usable STR profile quality for blood and buccal
reference workflows under the tested conditions.
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1. Introduction

Rapid DNA analysis instruments such as the RapidHIT™ ID have accelerated forensic
genotyping, enabling usable STR profiles in ~90 min and supporting decentralized de-
ployments when laboratory access is compromised (e.g., French overseas territories) [1-3].
However, a major operational drawback remains: most rapid DNA workflows consume
the entire swab, leaving no material for confirmation or downstream analyses. This poses
a challenge when investigators have only one sample available and additional testing or
reanalysis is needed in contexts where collection opportunity is limited or the sampling
conditions are suboptimal. To mitigate this, our previous study established a simple sub-
sampling protocol using a rigid 4AN6FLOQSwabs® subungual mini-swab to recover material
from a primary blood swab while still obtaining complete profiles on a RapidHIT™ ID
(V1, RapidINTEL™ cartridge) and ensuring reproducibility across different operators [4].

Since then, the RapidHIT™ ID V2 and the RapidINTEL™ Plus cartridge have been
introduced with updated chemistry and dedicated GENERAL and SPECIALIZED proto-
cols. Manufacturer documentation and prior validations of the RapidHIT™ ID system
indicate changes that can influence sensitivity, PCR cycling, and input handling, warrant-
ing renewed evaluation of subsampling under V2 conditions [5]. Moreover, extending
subsampling beyond blood to reference buccal swabs could streamline cartridge logistics
(RapidINTEL™ /RapidINTEL™ Plus) in operational settings already leveraging decentral-
ized rapid DNA workflows. Finally, there are practical questions about the compatibility of
microFLOQ® direct swabs, which are used in trace collection and direct amplification, with
V2 cartridges and whether the treatment of the nylon fiber in the swabs affects rapid DNA
analysis outcomes [6].

In this background, a targeted, practice-oriented evaluation of a subsampling protocol
on the RapidHIT™ ID V2 is necessary to confirm its performance on blood swabs [7,8], test
the microFLOQ® options, and assess its feasibility with buccal swabs—all while preserving
material, maintaining reproducibility, and aligning with routine casework constraints.

In the RapidHIT™ ID V2 workflow, two software protocols are used in this
manuscript, named GENERAL and SPECIALIZED. GENERAL corresponds to the stan-
dard operating mode for routine processing when DNA input is expected to be sufficient,
whereas SPECIALIZED is an increased-sensitivity option intended for lower or more vari-
able DNA input. As these protocols differ in sensitivity and may lead to different workflow
outcomes, they should not be considered interchangeable. In this study, both were eval-
uated to reflect realistic operational choices, and all of the analysis and interpretation
parameters were applied as per laboratory validated settings.

The objective of this work builds directly on our previous study assessing a sub-
sampling protocol with the rapidHIT™ ID V1. This study aimed to (i) check consis-
tency with the RapidHIT™ ID V1 (RapidINTEL™ cartridge) and the RapidHIT™ ID
V2 (RapidINTEL™ Plus cartridge, GENERAL protocol) on standardized blood swabs;
(ii) validate the subsampling procedure for blood swabs on the RapidHIT™ ID V2 using
the subungual mini-swab and evaluate microFLOQ®-based subsampling protocols; and
(iii) extend subsampling to buccal swabs using the RapidINTEL™ Plus cartridge to sup-
port operational standardization in decentralized rapid DNA workflows. ACE cartridges
are dedicated to reference sample processing within RapidHIT™ ID workflows. In the
present feasibility study, a RapidINTEL™ Plus was intentionally used to evaluate whether
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a streamlined cartridge strategy should be considered when subsampling is implemented.
The practical objective was harmonizing consumables, particularly in complex delivery
and consumable management contexts, such as in French overseas territories [4], and
retaining the primary swab for potential downstream testing. This choice is not intended
to necessarily replace ACE cartridges for routine reference processing in all laboratories,
but rather to assess subsampling compatibility and its operational uses.

2. Materials and Methods
2.1. Sample Collection

This study follows all of the recommendations issued by the ethics commission of
the ‘Unité Nationale de Police Judiciaire’ (UNPJ) concerning good practice for the ethical
classification of biological data and the recovery of biological material. For these samples,
the ethics committee issued recommendations for these experiments and provided its
approval on 10 September 2025 (recommendation n° 34).

Blood samples were collected from four volunteers (A, B, C, and D) after obtaining
informed consent. Buccal samples were also collected from four volunteers (C, E, F, and G)
after obtaining informed consent.

2.2. Study Design and Overview

Throughout the entire study, a single RapidHIT™ ID instrument (Thermo Fisher Scien-
tific, Waltham, MA, USA) was used, initially with software version 1.3.3 and RapidINTELTM
sample cartridges, and subsequently with the software updated to version 2.0 and
RapidINTEL™ Plus sample cartridges. The software evolution from RapidHIT™ ID
V1 to RapidHIT™ ID V2 was conducted following laboratory recommendations and stan-
dard system practices (ISO 17025 accreditation scope 82527, www.cofrac.fr) for software
update verification/validation. We chose to use a single RapidHIT™ ID instrument to
avoid potential biases that could arise from minor inter-instrument variability. The use of
a single device allowed us to focus on assessing the subsampling method’s effectiveness
without introducing additional variables.

We designed a stepwise evaluation to (i) establish a V1 reference baseline and compare
it with RapidHIT™ ID V2 (RapidINTEL™ Plus) GENERAL protocols, (ii) to assess sub-
sampling using a 4N6FLOQSwabs® subungual mini-swab (4N6FLOQSwabs® subungual
shape code 40U022D —Copan Italia S.p.A, Brescia, Italy) and a microFLOQ® direct (code
60U001D —Copan Italia S.p.A) on blood samples and (iii) on buccal samples.

Experiments 1-3 are described below. For all of the experiments, storage of the
samples was conducted at room temperature [9]. Subsampling was performed using either
a subungual mini-swab or a microFLOQ®. For this purpose, the subungual mini-swab
was moistened with 15 uL of ultra-pure DNA-free water and then blood was recovered
by rolling and tapping on the regular swab; the microFLOQ® was moistened with 1 uL of
ultra-pure DNA-free water and then blood was recovered by only tapping repeatedly for
10 s on the regular swab.

2.2.1. Experiment 1: Comparison of Direct Analysis of Blood Swabs Between RapidHIT™
ID V1 and V2

For each donor, a volume of 10 pL of blood was deposited directly on six regular
flocked swabs (4N6FLOQSwabs® code 4504C — Copan Italia S.p.A) and dried for 24 h by
the active drying system in the cap of the device. Three swabs were analyzed on the
RapidHIT™ ID V1 instrument using the RapidINTEL™ cartridge, and three swabs on the
RapidHIT™ ID V2 using the RapidINTEL™ Plus cartridge and the GENERAL protocol.
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2.2.2. Experiment 2: Subsampling of Blood Swabs for Analysis on RapidHIT™ ID V2

For each donor, a volume of 10 pL of blood was deposited directly on twelve regular
flocked swabs and dried for 24 h by the active drying system in the cap of the device. For
six regular swabs, the subsampling was performed with a subungual mini-swab; three were
analyzed using the GENERAL protocol; three were analyzed using the SPECIALIZED one.
The other six regular swabs were subsampled for one half, using a untreated microFLOQ®
(custom-manufactured by Copan Italia S.p.A for this study; not commercially available),
and using a standard microFLOQ® for the second half. To evaluate the effect of the
microFLOQ® fiber treatment on blood analysis with the RapidHIT™ ID, a direct analysis
was also performed for each donor in triplicate using both an untreated and a standard
microFLOQ® swab. For this test, 10 uL of blood was deposited on the swab tip and dried
for 24 h using the active drying system integrated in the device cap. Both microFLOQ®
types were analyzed on the RapidHIT™ ID V2 using the SPECIALIZED protocol.

2.2.3. Experiment 3: Subsampling of Buccal Swabs for Analysis on RapidHIT™ ID V2

For each donor, four regular swabs with buccal cells were collected by rubbing the
inner cheek five times and then dried for 24 h by the active drying system in the cap of
the device. One regular swab was analyzed directly on the RapidHIT™ ID V2 using the
GENERAL protocol as a reference. Two regular swabs were subsampled using a subungual
mini-swab each, and analyzed on the RapidHIT™ ID V2 using both the GENERAL and
SPECIALIZED protocols. Only one analysis per device or protocol was performed for
each donor. The last regular swab was subsampled with a standard microFLOQ® and
processed only with the SPECIALIZED protocol. All buccal swab analyses in Experiment 3
were performed using the RapidINTEL™ Plus cartridge on the RapidHIT™ ID V2 system.
Experiment 3 was intentionally designed as a feasibility assessment to explore subsampling
applicability to buccal reference swabs on the RapidHIT™ ID V2. Consequently, a simpli-
fied design was used, with one analysis per donor per condition, to generate preliminary
workflow-level observations rather than a full reproducibility evaluation.

2.3. Primary and Secondary Rapid DNA Analysis

The primary analysis of the obtained STR profile was automatically performed on
the RapidHIT™ ID, returning information on the quality of the results [10,11]. Upon
primary analysis completion, the RapidHIT™ ID system provides one of three possible
status results: a green checkmark (indicating that all system threshold criteria are met), a
yellow checkmark (indicating that one or more system threshold criteria are not met and a
manual review is required), or a red ‘X’ (indicating that no result was generated due to a
failed run).

Regardless of the quality flag, all results underwent manual review during a secondary
analysis using GeneMapper™ ID-X Software v1.6 (Thermo Fisher Scientific). The results
were analyzed using a simplified pipeline with a specific threshold for allele detection and
calls and for heterozygous balance examination.

2.4. Statistical Analysis

The primary quantitative comparisons were performed at the locus level (marker-wise
allelic peak heights expressed in RFUs). To support operational interpretation, complemen-
tary profile-level endpoints (e.g., profile completeness) were also evaluated. Except for in
Experiment 3, the various results obtained are presented as the means of different indepen-
dent experimental replicates. Several types of statistical analyses were used to compare
the signal intensities of each marker individually. To check whether the distribution was
normal, a Shapiro-Wilk normality test was performed for all experiments. Subsequently,
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a one-way analysis of variance (ANOVA) was used to assess significant differences in
the different types of flocked swabs tested. Then, a t-test was performed to compare the
intensity (allelic peak heights expressed in RFUs) of the genetic profiles obtained with the
different subsampling tests for each donor.

3. Results
3.1. Comparison of Direct Analysis of Blood Swabs Between RapidHIT™ ID V1 and V2

We first investigated whether the version of the RapidHIT™ ID instrument had any
effect on the result obtained using flocked swabs, starting with an initial blood deposit
of 10 uL. We repeated the analyses in triplicate using samples from four donors (A, B,
C and D) on the RapidHIT™ ID instrument version 1 and after the update to version 2
(GENERAL protocol only) (Figure 1). Statistical analysis performed with the ANOVA tests
showed no significant difference after the version 2 update for all markers for donor A and
D samples, for 58% of the markers for donor B samples and for 29% of the markers for
donor C samples (p-value = 0.01). Complete interpretable profiles were obtained with the
RapidHIT™ ID instrument, with both software version 1 or 2 in all tests.
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Figure 1. Signal intensity across all amplified markers for each blood donor sample. Charts show
average RFUs for an initial blood volume of 10 puL deposited on a Copan regular flocked swab and
analyzed on a RapidHIT™ ID instrument version 1 and version 2. All conditions were tested in three
independent analyses.

3.2. Subsampling of Blood Swabs for Analysis on Rapid HIT™ ID V2

The technique of subsampling the blood swabs with the subungual mini-swab was
effective, consistently yielding usable STR profiles under the RapidINTEL™ Plus cartridge
conditions. The subungual mini-swab was compatible with both the GENERAL and
SPECIALIZED protocols on the RapidHIT™ ID V2, supporting flexible deployment across
instrument settings (Figure 2). Statistical analysis performed with the ANOVA tests showed
no significant difference between the two instrument protocols used (p-value = 0.01) and
complete interpretable profiles were obtained.
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Figure 2. Signal intensity across all amplified markers for each blood donor sample after subsampling
using a subungual mini-swab. Charts show average RFUs for an initial blood volume of 10 pL de-
posited on a Copan regular flocked swab, subsampled, and analyzed on a RapidHITTM ID instrument
version 2, either with the GENERAL or SPECIALIZED protocol. All conditions were tested in three
independent analyses.

We then chose to test the microFLOQ® as a subsampling tool. Indeed, the implementa-
tion of the SPECIALIZED protocol made this device compatible with the analysis used by
the RapidHIT™ ID instruments. We first investigated whether the proprietary treatment
that is present on the microFLOQ® tip had any effect on the result. We started with an
initial blood deposit of 1 pL and a direct analysis on the RapidHIT™ ID V2 with the
SPECIALIZED protocol. Then, we repeated the analyses in triplicate using samples from all
donors, both using untreated microFLOQ® provided by Copan for this research only, and
the standard microFLOQ®. Results indicated that the proprietary microFLOQ® treatment
of the nylon fibers did not produce an inhibitory effect on the RapidHIT™ ID analysis, and
may even have a beneficial effect on the quality of the result (only for the donor B (63% of
the markers) and C (75% of the markers) samples, with significant differences observed
between the two devices tested (p-value = 0.01)) (Figure 3). Again, complete genetic profiles
were obtained using both devices.
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Figure 3. Signal intensity across all amplified markers for each blood donor sample. Charts show
average RFUs for an initial blood volume of 1 uL deposited on a Copan untreated microFLOQ® or on
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a standard microFLOQ®, and analyzed on a RapidHIT™ ID instrument version 2 with the SPECIAL-
IZED protocol. All conditions were tested in three independent analyses.

Based on the obtained results, we then tested both an untreated microFLOQ® and
a standard microFLOQ® as a subsampling tool. The subsampling technique enabled the
generation of a fully usable genetic profile from an initial deposit of 10 uL of blood on
the regular primary swab, regardless of the type of microFLOQ® used (Figure 4), with
no statistically significant difference observed (p-value = 0.01) and a complete genetic
porfile obtained.
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Figure 4. Signal intensity across all amplified markers for each blood donor sample after subsampling
using an untreated microFLOQ® or a standard microFLOQ®. Charts show average RFUs for an
initial blood volume of 10 uL deposited on a Copan regular flocked swab, subsampled, and analyzed
on a RapidHIT™ ID instrument version 2 with the SPECIALIZED protocol. All conditions were
tested in three independent analysis.

3.3. Subsampling of Buccal Swabs for Analysis on Rapid HIT™ ID V2

Considering the results obtained when subsambling the blood swabs, we decided
to test the subsampling protocol on buccal swabs using the commercialized subungual
mini-swab and microFLOQ®. These tests are used as a feasibility outcome limited to the
tested conditions. For the study, buccal samples were collected from the inner cheek of four
different donors, identified as C, E, F, and G. Only one analysis per device or protocol was
performed per donor. Reference buccal swabs could be processed with RapidINTEL™
Plus, either directly as regular swabs with the GENERAL protocol, or via the subsampling
technique with the subungual swab, with both the GENERAL and SPECIALIZED protocols.
In contrast, subsampling a reference buccal swab using a microFLOQ® was not suitable
for analysis with the RapidINTEL™ Plus cartridge, representing the principal limitation
observed in this study (Figure 5).
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Figure 5. Signal intensity across all amplified markers for each reference buccal sample. Charts
show RFUs from a single analysis of a regular flocked swab (GENERAL protocol), after subsampling
using a subungual mini-swab (GENERAL and SPECIALIZED protocol) or using a microFLOQ®
(SPECIALIZED protocol), used as a feasibility assessment limited to the tested conditions.

4. Discussion

Our previous study demonstrated that subsampling blood from a primary swab
with a 4N6FLOQSwabs® subungual mini-swab yields complete, operator-robust STR
profiles on a RapidHIT™ ID V1, while preserving the primary swab for potential down-
stream use and directly addressing the full-consumption limitation of rapid DNA work-
flows [12]. The present work translates that operational solution to the RapidHIT™ ID
V2 with the RapidINTEL™ Plus cartridge and explores its practical variants, including
microFLOQ®-based subsampling and applications to buccal reference swabs, ensuring that
the subsampling paradigm remains aligned with current instrumentation and cartridge
logistics [13-15].

Three findings are operationally informative within the scope of this feasibility assess-
ment. First, the subsampling of blood swabs produced usable profiles on the Rapid HIT™
ID V2 with both subungual mini-swab and microFLOQ® tools using the RapidINTEL™
Plus cartridge, while retaining the primary swab for potential confirmation or down-
stream testing under the conditions evaluated [1,16]. Second, the subungual mini-swab
is compatible with both the GENERAL and SPECIALIZED protocols, which matters for
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field operators who may switch protocols based on matrix, case priority, or throughput
needs [17]. Third, for blood samples, the microFLOQ® fiber treatment did not exhibit inhi-
bition under the tested conditions; however, using microFLOQ® to subsample reference
buccal swabs did not yield suitable profiles in this feasibility dataset (single analysis per
donor per condition), and therefore cannot be recommended on the basis of the current
evidence alone. Testing an untreated microFLOQ® for buccal subsampling would help
distinguish whether the reduced performance versus blood is driven by the swab treatment
or the biological matrix. However, such a study may be only for research purposes, as
the standard version showed compatibility with the RapidINTEL™ Plus cartridge for
blood subsampling and the untreated version is not planned to be commercialized. Indeed,
microFLOQ® treatment of the nylon fibers is intended to prepare the collected biological
material for direct amplification. Moreover, quantifying the residual biological material
remaining on the primary swab after subsampling would provide empirical support for the
material-retention rationale underlying the original subsampling protocol [8,18,19]. More
importantly, this study was designed as a feasibility assessment and therefore includes a
limited number of donors, a single-instrument evaluation, and controlled reference-type
samples. For Experiment 3 (buccal subsampling), only one analysis per donor per condition
was performed; therefore, reproducibility and stochastic variation cannot be assessed for
that experiment, and conclusions are restricted to the tested conditions.

The RapidHIT™ ID V2 instrument introduces altered cycling and input handling that
can influence sensitivity. This work supports the feasibility of applying the RapidHIT™
ID V1 subsampling strategy on RapidHIT™ ID V2 under controlled conditions. These
findings may inform policy updates, SOPs, and training in relevant settings, while recog-
nizing that broader generalization across instruments, operators, and operational casework
conditions requires further evaluation [12,20]. The data also support a pragmatic approach
to streamline cartridge logistics for reference samples, either through direct analysis of
regular swabs or by applying subungual-based subsampling on the RapidINTEL™ Plus
under the GENERAL or SPECIALIZED protocols. This strategy reduces reliance on multi-
ple cartridge types and simplifies field operations [21]. Indeed, reference sample analysis is
initially dedicated to ACE cartridges on RapidHIT™ ID systems [20].

5. Conclusions

This work operationalizes a simple subsampling strategy for analysis with the
RapidHIT™ ID V2 that preserves the primary swab for potential downstream testing,
and supports that the approach previously validated on the RapidHIT™ ID V1 remains
effective under updated chemistry and protocols. Subungual mini-swab subsampling
successfully generated usable STR profiles from blood using the RapidINTEL™ Plus car-
tridge under both the GENERAL and SPECIALIZED protocols, while preserving the core
benefit of keeping the source material available for confirmatory or downstream testing and
extending the relevance of our initial RapidHIT™ ID V1 study to current deployments [22].
Within the same RapidHIT™ ID V2 framework, microFLOQ® did not evidence inhibition
in blood applications; however, for buccal reference swabs, microFLOQ® subsampling did
not yield suitable profiles in this feasibility dataset (single analysis per donor per condition)
with RapidINTEL™ Plus cartridges, and therefore cannot be recommended based on the
current evidence alone [23].

These findings may help inform cartridge logistics for reference samples in RapidHIT™
ID V2 workflows, either through direct analysis of regular swabs or subsampling with
the subungual mini-swab, while recognizing that evaluation under operational casework
conditions and broader deployment contexts remains necessary.
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In conclusion, this study provides an updated feasibility-oriented appraisal for
RapidHIT™ ID V2 users and outlines a practical approach to retain the primary swab for
potential downstream testing while maintaining usable profiles under the tested conditions.
Further work is required to assess reproducibility across instruments and operators and to
confirm performance under operational casework conditions.
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