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A B S T R A C T

As a new initiative, HPV self-sampling to non-attenders using the dry Evalyn self-sampling brush is offered in the
Capital Region of Denmark. The use of a dry brush is largely uncharted territory in terms of analytical stability.
In this study we aim to provide evidence on the analytical quality of dry HPV self-sampling brushes as a function
of time and temperature.

We assessed the analytical stability of dry stored Evalyn brushes at three different temperatures, (4 °C, room
temperature, 30 °C) and five different storage time points; T= 0 (baseline), 2, 4, 8, 16, and 32 weeks prior to
HPV analysis using the BD Onclarity HPV assay.

Mean Ct value of the Onclarity internal control was used as comparator of cellularity across time and tem-
peratures, with no or only borderline statistical differences observed. HPV detection was stable throughout the
five time points. In addition, analytically amplifiable DNA copy numbers and DNA fragmentation was assessed
using the Agena iPLEX Exome QC assay, with no or only borderline statistical differences observed.

In conclusion, the Evalyn brush is analytically stable with respect to human genomic material and HPV
detection for up to 32 weeks at temperatures ranging from 4 °C to 30 °C.

1. Introduction

Human papillomavirus (HPV) based cervical cancer screening [1–7]
in combination with self-collected samples is increasingly being in-
vestigated as an alternative to clinician collected samples aiming at
increasing the coverage of cervical screening worldwide [8–12]. In
organized screening programs, HPV self-sampling is considered as a
potential alternative to screening non-attending women [13–15]. In
Denmark, women aged 23–65 years are invited for screening for cer-
vical cancer free of charge as a public cancer prevention program. In
Denmark approximately 50% of all cervical cancers are diagnosed
amongst the 25% women who do not participate in screening after
being invited [16,17], as also observed in similar North European
countries with nationwide cervical cancer screening programs [18,19].
In qualitative studies evaluating women´s preferences in screening, the
main reasons for non-participation are reported as a combination be-
tween the discomfort/embarrassment of the associated gynecological
examination and the general inconvenience of the doctor's visit
[20–22]. To address the screening non-attendance, the Capital Region
of Denmark launched a pilot implementation program in 2014, the

Copenhagen Self-sampling initiative (CSi), offering HPV self-sampling
brushes to approx. 24,000 screening non-attenders [9,14,23]. In CSi, we
distributed the Evalyn self-sampling brush to invited women who ac-
tively opted in after invitation using a purpose designed and developed
self-sampling kit [9]. After sampling in the privacy of the woman´s own
home, the women returned the brush in a dry state to the laboratory for
HPV analysis using a postage pre-paid envelope.

Multiple approaches to self-sampling have been described but two
types of self-sampling devices have predominantly been used for larger
self-sampling initiatives; a “wet” brush that requires the woman to re-
suspend the brush in a supplied media immediately after sampling or a
“dry” brush, shipped directly to the laboratory after sampling without
further interaction by the woman. Comparing these two approaches,
the use of a dry shipped self-sampling brush in our opinion holds a
number of logistically and safety related advantages independently of
the self-sampling device. Firstly, a dry brush can be transported by mail
between the women and the laboratory without the potential for spil-
lage and leakage during collection and transport. Secondly, any risk of
potential skin irritation and harm by accidental consumption e.g. by a
child in the household, is eliminated. Thirdly, shipment of liquid
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biological samples is more expensive and subject to more strict reg-
ulations than shipment of dry samples, at least in the EU. Fourthly, re-
suspended, liquid samples represent a diagnostic quality assurance
challenge as spillage by the woman or during transport reduce the
analytical volume available for analysis after reception of sample at the
laboratory [11]. Variable analytical volumes challenges the validity of
the clinical cut off of the HPV assay used. Yet, despite these advantages,
the use of dry collected and shipped brushes is largely uncharted ter-
ritory in terms of analytical stability of the resulting human and viral
material received for analysis in the laboratory. The objective of this
study was therefore to provide data on the analytical quality of dry
brushes for HPV self-sampling.

The central question asked was; what is the analytical stability of
dry brushes under low, normal and extreme temperatures or during
prolonged storage and transportation after sampling?

Little if any information is available in the literature concerning the
stability of dry collected HPV self-sampling brushes even though HPV
self-sampling is in the process of being implemented in several coun-
tries, including the Capital Region of Denmark.

2. Material and methods

2.1. Sample collection

Fully anonymized cervical swab samples from women undergoing
HPV testing in the Danish cervical screening program were used. The
swab samples were received in universal transport medium (UTM,
Copan Diagnostics INC. Murriette, CA, USA) where the residual sample
typically contains more than 1.0ml after routine diagnostic testing.
UTM (Hank's Balanced Salts Bovine Serum Albumin L-Cysteine Gelatin
Sucrose L-Glutamic Acid HEPES Buffer Vancomycin Amphotericin B
Colistin Phenol Red pH 7.3+/− 0.2@ 25 °C) contains no fixatives
affecting genomic stability of the sample. Only samples of cervical
origin were included. A total of 183 swab samples were used in the
study.

2.2. Study design

Biospecimens for an index (baseline, T0) and five different storage
points were evaluated (2, 4, 8, 16 and 32 weeks) at three different
temperatures: 4 °C, uncontrolled room temperature (RT, approximately
20–22 °C), and 30 °C (Fig. 1). In total, 639 individual Evalyn brushes
were analyzed.

To allow for direct comparison at different time points, up to four
individual brushes were inoculated with each swab sample creating the
biospecimens for analysis. Material limitations necessitated that not all
time-points could be derived from the same swap samples, which re-
sulted in the separation of the 8 (0, 2, 4, & 8 weeks) and 32 (0, 16, and
32 weeks) week time points into two separate study elements, now
designated the 8 week and the 32 week study element. Both elements
contained an index test at T=0. For the 8 week time point (baseline
plus 2, 4 & 8 weeks), 90 swab samples were used with four brushes per
swab sample, resulting in a total 360 brushes, with approximately 30
brushes per evaluation point. For the 32 week time point (baseline plus
16 and 32 weeks), 93 swab samples were used with three brushes per
swab sample, resulting in a total of 279 brushes or approximately 30
brushes per evaluation point.

2.3. Sample processing

The swab sample material was transferred to a 5ml Eppendorf tube
(Eppendorf, Hamburg, Germany). The Evalyn brushes were dipped
briefly into the swab sample, swirled around three to four times and left
to dry to mimic a home-taken cervical self-sample. The brushes were
randomly allocated for the different temperatures and time points.
Samples for baseline testing were stored overnight at the designated

temperature and subsequently processed for HPV analysis to generate a
T= 0 time point.

After incubation at the designated time and temperature points, the
brush heads were removed and placed in an empty 5ml Eppendorf
tube. Three ml BD “CytoBrush in Diluent” medium (CBD, BD
Diagnostics, Sparks, USA) were added and the samples were subse-
quently vortexed for 5 s and left for 15min at room temperature.
Afterwards, the brush heads were discarded and the samples were
vortexed for an additional 5 s. Finally, 1.0 ml of re-suspended sample
material was transferred to an empty BD sample tube for BD Onclarity
HPV testing (Onclarity), and 0.2 ml was transferred to a 96 well plate
for DNA extraction using Roche MagNA Pure 96 System.

2.4. BD Onclarity HPV assay

The CBD collected samples were tested using the Onclarity assay on
the BD VIPER LT system [24,25] which has previously been described
in details [14]. The Onclarity assay report nine different genotypes
groups (16, 18, 31, 45, 51, 52, 33/58, 35/39/68, 56/59/66) and har-
bors an internal human beta globin control (HBB). In summary, 1.0ml
aliquots of the re-suspended CBD material were transferred to an empty
sample tube before being preheat treated for 30min at 120 °C on the
VIPER pre-warm station. The pre-warmed samples were subsequently
transferred to the fully automated VIPER LT platform and tested with
the Onclarity assay according to manufacturer´s recommendations.
Two samples were excluded due to technical failure during processing.

2.5. Agena iPLEX Pro Exome QC

The Agena iPLEX Pro Exome QC assay (Agena Bioscience, Hamburg,
Germany) is a relatively new quality assurance assay, not previously
used on cervical screening samples. The Exome QC panel is a quanti-
tative assay that evaluates the amount of available DNA in a sample and
the number of amplifiable copies at five different target amplicon sizes
(100, 200, 300, 400 and 500 base pair (bp.).). The assay harbors 21
SNP, 3 markers for gender identification and 25 copy number controls,
and five markers per amplicon length in a single multiplexed assay. The
assay uses the Matrix Assisted Laser Desorption/Ionization-Time of
Flight Mass Spectrometry (MALDI-TOF MS) technology. All 639 sam-
ples were tested with the Exome QC assay to evaluate the relative
amount and fragmentation of the DNA in the samples.

DNA was purified from the residual re-suspended brush CDB di-
luent, 200 µl was transferred to a microtiter plate for DNA purification
on the Roche MagNA Pure 96 platform, using the MagNA Pure LC Total
Nucleic Acid Isolation kit (Roche Diagnostics). Elution volume was
100 µl.

An initial multiplex amplification PCR was set up with 2 µl DNA,
followed by a Shrimp Alkaline Phosphatase (SAP) reaction (which re-
moves excess Nucleotides). The iPLEX Pro single base extension PCR
reaction was then performed, where a mix of oligonucleotide extension
primers designed to anneal to the amplified DNA fragments were added
together with extension enzyme and mass-modified dideoxynucleoside
terminators. The extension products were subsequently de-salted with
Clean Resin prior to being loaded into the MassARRAY Dx
Nanodispenser RS1000 (Agena, Hamburg, Germany), which transfers
the analyte to a spectroCHIP. Here the samples crystalizes with the
matrix on the chip, which was analyzed on the MassARRAY Dx
Analyzer 4 (MA4). The analyte crystals are irradiated by a laser, in-
ducing desorption and ionization. The MA4 accelerates the samples to a
detector that differentiates genetic variants by molecular mass.

2.6. Statistics

The Onclarity assay has a three well design with nine HPV genotype
read-outs, the internal HBB control is included in each well, and the Ct-
value of HBB in this study was calculated as an average of the three
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HBB individual Ct values of the three wells. The cut-off for all channels
is uniformly Ct 34.2. The mean HBB Ct value was included in the
analysis regardless of the validity status of the samples, hence HBB Ct-
values above 34.2 were also included in the calculations. For genotype
analysis only clinical positives (Ct values below the cut off of 34.2) were
included in the calculations. For the Exome QC analysis, only samples
with sufficient number of SNPs were included in the analysis. Mean Ct,
mean available copy numbers, 95% confidence intervals, and standard
deviations were calculated using IBM SPSS statistics ver. 22. One-way
ANOVA test was used to calculate statistical difference between the
different time and temperature points. Talking into account that some
of the data points deviate by a large margin from the general dis-
tribution patterns, we also applied two non-parametric analysis to
confirm the outcome of the one-way ANOVO (the Freidman and
Kruskal-Wallis non-parametric analysis,SPSS).

2.7. Ethical approval

The study used completely anonymized residual clinical swab
sample material which would otherwise have been discarded and the
study did therefore neither need Medical Ethical Committee nor Data
Protection Agency approval under current Danish Law.

3. Results

In total, three temperature conditions (4 °C, RT & 30 °C) and 6 time
points were evaluated (Baseline and 2, 4, 8, 16 and 32 weeks, Fig. 1),
representing 18 individual conditions. At 4 °C, the mean Ct-value of the
internal HBB control, ranged from 27.9 to 28.3 (overall mean Ct 28.1,
95% CI 27.7–28.5) and 27.6–28.4 (28.0, 95% CI 27.5–28.6) for 0–8 and
0–32 weeks, respectively (Table 1 and Fig. 2A+B). No statistical dif-
ference within each group were observed (0–8 weeks; p-value .95, 0–32

weeks; p= 0.54, Table 1).
At room temperature, the mean HBB Ct value ranged from 28.3 to

28.9 for 0–8 weeks (mean HBB Ct 28.6, 95% CI 28.2–29.0) and
27.5–28.4 for 0–32 weeks (28.0, 95% CI 27.4–28.5) (Table 1 and
Fig. 2C+D). Again, no statistical difference within each group were
observed (p-value=.76 for 0–8 weeks, p= 0.39 for 0–32 weeks,
Table 1).

At 30 °C storage, we found the cellularity to be stable for up to 32
weeks (p=0.20 for 0–8 weeks, p-value=.25 for 0–32 weeks, Table 1),
with mean HBB Ct values ranging from 27.7 to 29.0 (mean HBB Ct:
28.4, 95% CI 28.0–28.8) and 27.4–28.2 (27.7, 95% CI 27.3–28.2) for
0–8 and 0–32 weeks respectively (Table 1 and Fig. 2E+ F).

Finally, no statistical difference was observed comparing the three
temperature groups using one-way ANOVA (p=0.20 for 0–8 weeks,
0.72 for 0–32 weeks), nor when comparing the time points (p= 0792
for 0–8 weeks, p= 0.11 for 0–32 weeks (data not tabulated)).

In addition, direct comparison using one-way ANOVA and Kruskal-
Wallis non-parametrical tests showed no difference between individual
time-points across the three temperatures (data not shown).

Stability of viral DNA on the dry self-sample brushes was evaluated
over time and temperature by comparing HPV outcomes and resulting
Ct values of those samples with known HPV content. The Onclarity
assay reports Ct-value for nine different HPV genotype groups, and
Figs. 3 and 4 shows the mean Ct value of the nine genotype groups for
the six time points (see Supplementary Tables 1+2). A total of 41 HPV
positives samples were analyzed, with 16 HPV positive samples in the 8
week study element and 25 HPV positive samples in the 32 week study
element. Between the two study elements, 14 of 16 and 17 of 25
samples, respectively, returned concordant results at all time points. In
the 8 week study element, 2 samples had a discordant outcome between
HPV positive and negative, with two of the four time points returned a
Ct value just above assay cut off, indicating this to be “close to cutoff

Fig. 1. : Study Flowchart. 1 Two samples were excluded due to technical reasons during processing. 2 The sample number (n) for each of the temperature study
periods is listed in Table 1.
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samples” irrespective of time and storage conditions (Fig. 3 and Sup-
plementary Table 1). In the 32 week study element, of eight discordant
samples, four were “close to cut-off”. The remaining four samples had 1
or 2 time points where the CT value for the HPV genotype was observed
just below cut-offwhereas the remaining time point the CT value for the
HPV genotypes was 0.0 (Fig. 4 and Supplementary Table 2).

The Exome QC assay report average number of amplifiable human
DNA copies. In addition, this assay report a detailed composition de-
scribing the relative distribution between amplifiable copies at 100,
200, 300, 400, and 500 bp. length as a measure of the level of DNA
fragmentation in the individual sample (Table 2). We observed a small,
time dependent statistical difference in overall amplifiable DNA copies
when comparing T0, T16 and T32 at 4 °C (P= 0.03), but this difference
was only evident when comparing T0 and T16 (P=0.045), whereas T0
and T32 showed borderline statistical difference (P=0.07). No time
dependent statistical difference was observed for the two other tem-
peratures looking at average amplifiable DNA copies (Table 2). Here,
DNA fragmentation at different base pair lengths showed some statis-
tical difference for samples stored at 30 °C between the smallest frag-
ments of 100, 200 and 300 bp. and at 4 °C for 300 and 400 bp. For the
remaining time and temperature points, no or only borderline statistical
difference between the measured compositions of fragments was ob-
served (Table 2).

4. Discussion

HPV self-sampling is gaining acceptance in organized screening
programs with implementation or large scale pilot implementation
ongoing in, but not limited to, Denmark, Sweden, Norway and Holland.
HPV self-sampling is an approach to improve screening coverage by
offering screening non-attenders an alternative to the physician taken
screening sample [9,26,27] and thereby overcoming some of the main
reported reasons for non-attendance [20]. HPV self-sampling can also
facilitate implementation of cervical screening in less favored regions
where screening has not previously been a priority and/or where
medical infrastructure is less developed [27,28].

A key question of HPV based self-sampling is the clinical sensitivity
for detection of disease [8,29], but a recent, conclusive study by the
Norwegian Cancer Registry convincingly showed that the right com-
bination of self-sampling device and HPV test provides clinical

sensitivity at par with regular physician taken liquid based cytology
samples for cervical cancer screening [26]. However, a number of
central questions for operationalization of HPV self-sampling remain
unresolved; amongst them the analytical stability of self-collected
samples for HPV diagnostics over time and different temperature con-
ditions. In this study we investigated the analytical stability of dry
Evalyn brushes for use in HPV self-sampling. Our aim was to show
whether the quality of the DNA on a self-sampling brush will deterio-
rate over time as previously proposed [30], and/or if deterioration
would be exacerbated in a dry state. In both instances, the validity of
the resulting HPV analysis could be compromised.

The main finding of our study was that the dry Evalyn brushes using
these biospecimens were analytically stable over a broad range of
ambient temperatures and time up to 32 weeks. This observation was
irrespective of whether the evaluation was conducted on human or viral
DNA. The analytical stability was demonstrated for the overall human
DNA content using the Onclarity HBB internal control, as well as
longitudinally, comparing the ability to detect specific HPV genotypes
across different storage conditions. A trend toward slightly lower
amounts of analytical available material was seen at the 32 week time-
point, though statistically insignificant.

The Exome QC assay was employed as a quality assurance (QA)
assay evaluating the analytically available genomic material offering
insight into the quality of the samples as a result of the storage con-
ditions. This evaluation has relevance as heavy DNA fragmentation of a
sample can challenge the validity of a diagnostic HPV test, given that
majority of commercially available HPV assays typically rely on am-
plification of fragments above 200 bp. [31]. The results, however,
showed that the overall amount of amplifiable DNA per sample and the
level of DNA fragmentation did not significantly differ as a function of
storage conditions. To our knowledge, this is the first report using an
assay like the Exome QC as a QA measurement tool in cervical
screening technology assessment.

The strength of the study is that the samples represent longitudinal
storage of the same sample per data-point with three to four individual
brushes per original sample, thereby eliminating the majority of
sample-to-sample variation. The HPV analysis was performed using the
automated Onclarity HPV assay which operates on clinically validated
cervical screening cut offs for detection of HPV infections [24]. Had we
chosen a more sensitive, less clinically specific HPV analysis, the HPV

Table 1
Stability of dry Self-sample brushes stored at 0–32 weeks, measured as relative cellularity using BD Onclarity human Beta-globin (HBB) internal control.

Time points (weeks) N Tested N2 Invalids HBB Ct Mean St. dev. 95% CI P-value3

4 °C 0–8 weeks 0 30 1 28.3 2.4 27.4–29.2 0.95
2 30 0 27.9 1.9 27.2–28.6
4 30 0 28.0 1.8 27.3–28.7
8 30 2 28.0 2.6 27.1–29.0

4 °C 0–32 weeks 01 28 0 28.1 2.6 27.1–29.1 0.54
16 31 0 28.4 2.3 27.5–29.2
32 30 1 27.6 3.1 26.5–28.8

RT 0–8 weeks 0 30 0 28.6 1.8 27.9–29.2 0.76
2 30 3 28.6 2.7 27.6–29.6
4 30 1 28.9 2.2 28.1–29.8
8 30 2 28.3 2.8 27.2–29.3

RT 0–32 weeks 0 33 0 28.4 2.3 27.6–29.2 0.39
16 32 2 28.0 3.3 26.8–29.2
32 30 1 27.5 2.6 26.5–28.4

30 °C 0–8 weeks 0 30 0 27.7 1.9 26.9–28.4 0.20
2 30 1 28.4 2.4 27.5–29.3
4 30 2 28.6 2.9 27.5–29.6
8 29 0 29.0 2.2 28.2–29.8

30 °C 0–32 weeks 0 32 0 28.2 2.2 27.4–29.0 0.25
16 29 0 27.5 1.8 26.8–28.3
32 33 0 27.4 2.1 26.7–28.2

1 Each of the two time studies, 0–8 weeks and 0–32 weeks, had individual baselines (T=0).
2 Invalid outcomes were recorded when the Ct-value of the internal HBB control was above Ct 34.2.
3 P-value calculated using the One-way ANOVA test.
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prevalence amongst the samples may have been higher, but the de-
tection of HPV would not necessarily be relevant in a cervical cancer
screening setting [24,32]. Moreover, with 639 samples analyzed in total
and almost 30 samples per time and temperature data-point, the dataset
is statistically robust. Only two samples were invalid due to technical
issues.

We chose three temperatures representing both ends of the

temperature scale, from 4 °C to 30 °C. Whereas 4 °C is the common
temperature setting of refrigerators, 30 °C represents an ambient tem-
perature rarely experienced for prolonged periods in northern European
countries like Denmark. Nonetheless, from a logistics point of view, a
self-collected sample left on a night stand, in a bath room cupboard, or
stranded in a mail sorting central may be exposed to higher than geo-
graphical average temperatures and as such, the 30 °C setting is of

Fig. 2. Stability of dry Self-samples brushes stored at 0–32 weeks for three different temperatures (4 °C, RT, 30 °C), presented as box blot for Ct value of the internal
control of BD Onclarity HPV assay.
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relevance even for Northern Europe. Furthermore, analytical stability
data at this temperature is important for HPV self-sampling outside the
cooler northern European countries. We evaluated analytical stability
over a full 6 month (32 week) period interspaced with intermediate
time points. The CSi study showed that 50% of the distributed self-
samples were returned to the laboratory within 2 weeks, 75% within 45
days, and 90% within 50 days. At 180 days (6 months) 99% of all
samples were received [6], which is also consistent with other study
observations [9,25–30]. Moreover, the 6 months stability time point
also reflect the fact that as a screening service provider we do not
control the return date of the brushes, but can only encourage partici-
pants to return the brushes using a reminder strategy [6]. Therefore, it
is of high clinical value to know if the analytical stability is time sen-
sitive, allowing one to define a relevant expiration date for diagnostic
use of a returned self-sampling brush.

The limitation of the study is first and foremost the proxy nature of
the biospecimens used and the use of cervical swabs for in situ creation
of biospecimens has its pros and cons. Though the biospecimens gen-
erated by dipping Evalyn brushes into clinical swap samples represent
relevant cervico-vaginal material, the concentration of material settling
on the brush as evaluated by HBB Ct values was far less than in our
previously published HPV self-sampling implementation (The
Copenhagen Self-sampling Initiative, CSi [9,23,33]). In the CSi the
average HBB Ct on 4620 evaluated, individual real-life Evalyn HPV self-
samples was Ct21.8 (data not shown) which is substantially less than
the HBB Ct26–29 observed here. Paradoxically, this is at the same time
a strength of this study as “thin samples” in theory could deteriorate
into discordance between time and temperature point faster than more

full, robust samples. On the pro side also is the lab controlled “dipping
procedure” ensuring a uniform expose of the brush heads to sample
material prior to drying which is a prerequisite for a longitudinal
comparison between subsamples. On the other hand, this is still an
artificial approximation of self-collected samples, but to transfer this
study to a real life setting would entail asking women to return 4 or
more self-collected samples and subsequently analyze them over time.
From a practicality and logistic point of view, this was beyond the scope
of this study, and even in such a setting variations between serial
samples could confound the results. Furthermore, given that no statis-
tically differences in analytical stability was observed at 32 weeks, a
longer time point could have been included to show when significant
deterioration of the analytical material would set in.

Finally, the numbers of HPV positive samples is relatively small
compared to the overall number of samples included. In retrospect, this
study could have benefitted from a pre-screening of samples in order to
enrich for HPV positive samples.

Dry or a wet brush: Which is the optimal choice of utensil for HPV
self-sampling? From an operationalization point of view, we think that
the use of dry self-sampling brushes is more advantageous than using a
kit including a resuspension/shipping liquid based. It is arguably safer
as there is no risk of accidental ingestion of the distributed liquid, no
potential skin irritation upon use, and no risk of spillage or leakage
during transport or collection. Importantly from the laboratory point of
view, the assay input volume for the end-point analysis is always the
same when the resuspension of the brush is conducted in the labora-
tory.

Several studies have compared dry and wet sample collection and in

Fig. 3. : Stability of HPV genotypes on dry self-sampling
brushes at storage for 0–8 weeks. The horizontal line in-
dicates the clinical cut-off of 34.2 Ct. Numbers in par-
entheses indicate number of samples with the stated gen-
otype. One sample had a multiple infection of HPV45 and
HPV52, which is why there are 17 infections and 16
samples.

Fig. 4. : Stability of HPV genotypes on dry self-sampling brushes at storage for 0–32 weeks. The horizontal line indicates the clinical cut-point of 34.2 Ct. Numbers in
parentheses indicate number of samples with the stated genotype.
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all cases found the two self-sample modes compatible [4,30,34–37].
However, to the best of our knowledge no one has looked specifically at
the storage and temperature limitations of dry HPV self-sampling bru-
shes. Two studies have compared refrigerated stored dry and wet
samples, shipped at room temperature [30] or storage and shipment at
4 °C [35]. Wolfrum et al., [37] observed a tendency for loss of HPV
genotypes when a dry Dacron self-sampling brush was stored for more
than one week. They also observed a decrease in DNA amounts over
time [37]. We did not observe this, but the choice of HPV DNA detec-
tion assays and processing protocols differed between the studies. Feng
et al. [30] stored Dacron self-sampling brushes refrigerated for 6 month
prior to shipment at ambient temperature and observed good agree-
ment between wet and dry samples. Eperon et al., [38] stored the self-
samples at ambient temperatures from 5 to 15 days. A study by Lin et al.
[39] using cobas HPV test on physician taken dry samples and LBC
samples stored for 2–28 days at room temperature found no differences
[39]. However the study did not look at Ct values, so a direct com-
parison with our study is not possible. Compared to various Dacron
swabs, the Evalyn brush is a different sampling device based upon
electrostatically charged polypropylene filaments catching and holding
on to the sample material. The Evalyn collection device is currently

being implemented as the self-sampling device of choice in a number of
screening programs, e.g. in the Dutch and the Danish programs.
Whereas three studies have looked at the performance of the Evalyn
brush in comparison with other self-sampling methods [26,36,40], this
is the first report on the analytical stability of Evalyn collected self-
samples.

In conclusion, a dry Evalyn self-sampling brush represents an ana-
lytically stable collection device with respect to human and HPV ma-
terial from cervico-vaginal self-collected samples. Analytical stability in
this study using biospecimens were observed for up to 32 weeks, and
under various environmental conditions ranging from 4° to 30°C.
Together, this is encouraging and has important implications for the
implementation of HPV based cervical cancer screening using self-col-
lected samples, as logistic and time sensitivity issues do not appear to be
of an immediate concern within a reasonable time period after sample
collection.
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