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Abstract
Adsorption of CSFAβ1–42 during pre-analytical processing is suggested as an important confounder in testing. The aim of the
present study was to assess the effect of polypropylene transfer plates (PTP) in the INNOTESTAβ1–42 IVD-ELISA assay on
Aβ1–42 levels. CSF samples from 26 individuals with subjective cognitive impairment (SCI) and 25 patients with suspected
neurodegenerative disorders were tested using four different lots of kits. Aβ1–42 levels in all samples that were loaded onto the
PTP were significantly lower than the levels in the same samples that were analyzed without prior loading onto the PTP. We
found that the PTP may adsorb Aβ1–42 in the range 7 to 69%. The diagnosis in 20% of patients and amyloid burden assessment
in 23% of SCI patients had to be modified post hoc due to initial erroneously low amyloid levels. Using a PTP prior to loading the
samples onto the INNOTESTAβ1–42 test plate may result in erroneously low Aβ1–42 levels.
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Introduction

The amount of Aβ1–42, total tau, and hyperphosphorylated
tau in the cerebrospinal fluid (CSF) are widely-accepted bio-
markers of Alzheimer’s disease (AD) (Tapiola et al. 2009;
Alzheimers Dement 2012; Gezen-Ak et al. 2014). Although
the most widely used method for detection of the target pro-
teins is ELISA, there are also other semi- or fully automated
methods. Recently, the need to re-define cutoff levels for these
biomarkers has been suggested (Illan-Gala et al. 2017). An
upward shift in CSFAβ1–42 cutoff levels has been proposed
(Schindler et al. 2018), and attention has been drawn to the
protein binding capacity of the sample collection tubes
(Vanderstichele et al. 2017). Initial studies have indicated low-
er CSF Aβ1–42 levels when samples are preloaded onto the

polypropylene transfer plates (PTP) that are supplied with the
kit (del Campo et al. 2012; Fourier et al. 2015). A recent study
has confirmed that adsorption of CSF Aβ1–42 during pre-
analytical processing is an important confounder (Willemse
et al. 2017). Although polypropylene tubes and pipet tips are
thought to present a low binding capacity to Aβ1–42, the
aforementioned study reported that, depending on the number
and the volume of the transfers, results may vary enough to
alter the diagnosis (Willemse et al. 2017). Besides, studies
have shown that polypropylene material does not guarantee
efficient pre-analytical behavior (Perret-Liaudet et al. 2012).
The peptide binding capacity of hydrophobic and hydrophilic
surfaces has also been investigated and the results suggest that
hydrophilic surfaces have a relatively lower peptide binding
capacity (Vrlinic et al. 2012). Our study indicated the particu-
lar peptide adsorption problem that originates from the PTP
supplied with the Aβ1–42 in vitro diagnostic (IVD) kit and
which has been confirmed by previous studies (del Campo
et al. 2012; Fourier et al. 2015).

We initially recognized a problem with the INNOTEST
Aβ1–42 kit, ref no. 81576, lot no. 403813, during a routine
sampling which was performed on a relatively high number of
patients, requiring more than six strips. The manual with the
kit recommends using a 96-well polypropylene transfer plate
(PTP) before loading the samples onto the antibody-coated
plate when more than six strips need to be used. In that
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particular assay, all samples and calibrators were loaded onto
the PTP supplied within the kit. All samples and calibrators
were tested in duplicate, and inter-run coefficients of variation
(CV) were less than 10%. Although all standards were accu-
rate and run validation controls (RVC) were within the range,
we had low levels of Aβ1–42 varying between approximately
120 and 300 pg/ml for all patients. As the levels were low for
all patients, this cast doubt on their accuracy.We then repeated
the test for some of these patients with the same lot but without
using the PTP. We found that Aβ1–42 levels in the repeated
tests were higher. The only difference between the two mea-
surements was that the samples in the first experiment were
loaded onto the PTP before being transferred to the antibody-
coated plate as recommended by the manufacturer’s protocol.
The initial studies of del Campo et al. (del Campo et al. 2012)
reported a similar problem with ten patient samples and
Fourier et al. (Fourier et al. 2015) with eight patients, without
indicating any variation between lots. We therefore tested kits
with different lot numbers to explore whether the peptide ad-
sorption problem with the PTP supplied with the Aβ1–42
(IVD) kit was specific to a particular lot or is a more general
problem.

Material and Methods

Patients and Patient Consent

Fifty-one individuals (26 with a clinical diagnosis of subjec-
tive cognitive impairment (SCI) with a mean age of 56.4 [6.4]
and 25 patients with suspected neurodegenerative disorders
including AD or MCI with a mean age of 65.9 [12.7]) were
included in this study. The sample selection was designed to
give a large distribution of Aβ1–42 values. We included sam-
ples randomly to exclude any possible bias due to positive
selection of any patient group. CSF data assessment of the
individuals was done according to Mulder and Hulstaert for-
mulas and tau/Aβ1–42 ratios (Duits et al. 2014) rather than
local cutoff values. Signed informed consent was obtained
from all study participants.

CSF Collection, Processing, and Storage

As part of the JPND-BIOMARKAPD project, we adhered
to the standard operating procedures for CSF collection,
processing, and storage that were defined by del Campo
et al. (del Campo et al. 2012). Briefly, a lumber puncture
(LP) was performed at the L3/4 level with 20G atraumatic
needles and 10 ml of CSF was obtained. Samples were
collected into 12-ml sterile polypropylene tubes (187261,
Greiner-bio-one) and transferred to the laboratory within
no more than 2 h within a cold chain. Samples were cen-
trifuged at 2000 g for 10 min at 4 °C and aliquoted into

1.2-ml polypropylene cryogenic vials (430658, Corning);
each aliquot received a volume of 900 μl. The aliquots
were stored at − 80 °C. In all assays, freshly thawed ali-
quots of CSF that had been frozen only once were used.
Different aliquots from a given patient were used in each
experiment.

CSF Aβ 1–42 Assay

Prior to the assay, each sample was brought to room tem-
perature for 1 h and then vortexed as described in the
manufacturer’s protocol. Aβ1–42 levels were determined
by an enzyme-linked immunosorbent assay using
INNOTEST Aβ1–42 IVD assays (Fujirebio [formerly
Innogenetics], Ghent, Belgium). We used manual testing
with a Thermo MultiScan EX ELISA reader. To eliminate
lot-to-lot variations, we used four different lots of
INNOTEST Aβ1–42 IVD assays (lots 403147, 401989,
404171, 403813). Altogether, 13 samples were tested with
lot number 403813 using a PTP. In a subsequent analysis,
samples from these patients were tested again with the
same lot number, but without using the PTP. A further
21 samples were tested with lot number 401989 with
and without using a PTP. These same samples were then
analyzed with lot number 403813 without using a PTP. In
another sample of 17 patients, we used lot number 403147
using a PTP, and these same samples were then analyzed
with lot number 404171 without using the PTP.

Statistics

Each assay included a blank and eight standards. All samples
and standards were tested in duplicate. The inter-run

�Fig. 1 Comparison of CSFAβ 1–42 levels. a Distribution of CSFAβ1–
42 levels in patients and SCI groups: the CSF Aβ1–42 levels of patient
samples (n = 25) were significantly lower than those of the SCI samples
(p = 0.0018). SCIs (n = 26, 957.2 (185.8), 95% CI 882.2–1032.3);
patients (n = 25, 720.1 (302.6), 95% CI, 595.2–845.0). Comparison of
CSF Aβ 1–42 levels of the samples that were assayed with and without
a PTP; b–d) Lot-to-lot comparison: CSF amyloid beta 1–42 levels of the
samples that were loaded onto a PTP were significantly lower than those
of the same samples that were not loaded onto a PTP; b n 13, mean
difference 368, 95% CI 203–534; p = 0.0012; c n 21, mean difference
277, 95% CI 116–438; p = 0.0012; d n 17, mean difference 238, 95% CI
94–382; p = 0.002); e total analysis of four different lots: CSF amyloid
beta 1–42 levels of all the samples that were loaded onto a PTP were
significantly lower than those of the same samples that were not loaded
onto a PTP (n 51, mean difference 287.20, 95% CI 180.7–393.7;
p < 0.0001). Data are given as the mean (SD); f correlation analysis of
the CSFAβ 1–42 levels of all samples that were assayedwith and without
a PTP. The data of the samples loaded onto a PTPwere correlated with the
data of the same samples that were not loaded onto a PTP (n = 51;
correlation coefficient (r) = 0.8690; 95% CI 0.78–0.92; coefficient of
determination (r2) = 0.76). PTP polypropylene transfer plate
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coefficients of variation were less than 10%. Aβ1–42 concen-
trations were calculated using standard curves (R2 = 0.998).
Raw data for each group were analyzed with an unpaired t

test, given that the data were normally distributed, and
p < 0.05 was considered statistically significant. Data were
given as the mean (SD).
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Data Availability All data analyzed during this study are in-
cluded in this published article.

Results

The distribution of CSF Aβ1–42 levels in patients and SCI
groups are shown in Fig. 1a. The CSF Aβ1–42 levels of pa-
tients were significantly lower than the SCIs (p = 0.0018)
(Fig. 1a). Each of the four different PTP lots of INNOTEST
Aβ1–42 IVD assays had significant peptide adsorption in
initial loading (p < 0.002) (Fig. 1b–d). CSF Aβ1–42 levels
in all samples that were loaded onto a PTP were significantly
lower than the levels for the same samples that were analyzed
without loading onto the PTP (Fig. 1e). The mean reduction in
the CSFAβ1–42 levels, i.e., peptide adsorption when loaded
onto the PTP, was 287 (139) pg/ml (median 258, min 50, max
687; 95% CI 248.2–326.4). Mean percentage reduction was
37% (17) (median 35, min 7, max 69; 95% CI 31.8–41.4).
Results of samples loaded onto a PTP correlated well with
those of the same samples that were not loaded onto a PTP
(Fig. 1f). The diagnosis in 20% of the patients was modified
post hoc, due to initial erroneously low amyloid beta 1–42
levels (Fig. 2a). Likewise, the status of amyloid positivity
was revised in 23% of subjects with SCI (Fig. 2b).

Discussion

Our study design included individuals with a clinical diagno-
sis of SCI and patients with suspected neurodegenerative dis-
orders including AD or MCI. The sample selection was de-
signed to give a large distribution of Aβ1–42 values. We
included samples randomly to exclude any possible bias due
to positive selection of any patient group. The significantly-
low levels of CSFAβ1–42 in patient samples compared to the
SCI group (Fig. 1a) confirmed the discriminative value of the
CSFAβ1–42 levels as previously stated in other articles.

Recent studies have indicated that adsorption of CSFAβ1–
42 during pre-analytical processing can be an important con-
founder (Willemse et al. 2017). Conventionally, polypropyl-
ene tubes and pipet tips are thought to have a low binding

capacity to Aβ 1–42. Yet, Willemse et al. reported that, de-
pending on the number and the volume of transfers, results
may vary enough to alter the diagnosis. This study indicated
particularly high adsorption rates in relatively smaller vol-
umes (Willemse et al. 2017). This may be relevant, as the
transfer plates in the IVD kits are designed to be loaded with
quite a small volume, i.e., 50 μl. Accordingly, two previous
studies have indicated lower CSF Aβ1–42 levels resulting
from the preloading of samples onto the PTP supplied with
the kits (del Campo et al. 2012; Fourier et al. 2015). Fourier
et al. also reported that CSFAβ1–42 levels were significantly
reduced when the samples were incubated on the PTPs for
5 min (reduction of 14.3%) and 15 min (reduction of
24.8%). In addition, in the absence of a commercially avail-
able pre-analysis 96-well plate with minimal adsorption of
amyloids to plastic, they investigated if there was any signif-
icant within-plate variability from the first to the last rows of
wells, and they found a significant alteration for data in the
same sample. They suggested that, for Aβ1–42, no more than
half a plate should be tested at the same time when not using a
PTP (Fourier et al. 2015).

We determined that the 96-well PTPs that are supplied with
the CSFAβ1–42 IVD kit can adsorb Aβ1–42 in the range 7 to
69%. The calibrators and quality controls RCV1 or RCV2
remained in the correct ranges, unaffected in all assays. This
is not surprising, as the calibrators are a set of Aβ 1–42 syn-
thetic peptide in assay buffer (Cullen et al. 2012) and RVCs
are synthetic Aβ1–42 peptide in an artificial CSF-like matrix
(https: / /www.alz.org/research/downloads/update_
innogenetics-vandijck.pdf). We also showed that synthetic
Aβ1–42 peptides exhibit lower specific bioactivity and need
longer incubation periods in inducing Aβ deposits than puri-
fied Aβ1–42 peptide (Stohr et al. 2012). The peptide adsorp-
tion problem with the PTP seems to be a general one, because
plates from different lot numbers gave similar results. The
correlation analysis indicated that similar reductions in amy-
loid levels could be found in all samples assayed with a PTP
due to peptide adsorption.

Use of a PTP was suggested to avoid a significant decrease
in the concentration of the samples while loading them onto
the test plate (Fourier et al. 2015). Since sample incubation
time takes 1 h, the manufacturer’s protocol suggests reducing

Fig. 2 Alteration in clinical
diagnosis and amyloid positivity.
Alterations in clinical diagnosis of
patients and amyloid positivity of
SCI samples were based on
Mulder and Hulstaert formulas
and the tau/Aβ1–42 ratio, and the
clinical assessment of individuals
with neuropsychological and
neuroimaging data (n; %)
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the dispensing time to a minimum. To reduce the reactivity
shift, an uncoated PTP is supplied with the kit and recom-
mended to be used as a waiting station when more than six
strips are to be used for testing. When testing more than six
strips, the manufacturer’s protocol recommends dispensing
CSF samples, calibrators and RCVs in amounts of 60 μl or
higher to the PTP initially and then transferring them to the
coated test plate with a multichannel pipet. Yet using the PTP
with a multichannel pipet to reduce the sample distribution
time does not solve the peptide adsorption problem, but adds
additional steps that involve polypropylene materials includ-
ing tips and the PTP, both of which have the potential to alter
the results. Our study suggests testing no more than four to
five strips at one time. This may result in a reduction in the
number of samples tested with one kit, but may provide a way
to avoid false reductions in the assay levels. Our routine pro-
tocol involves testing four strips at a time, involving dupli-
cates of patient samples, RCVs, and standards in each run.
This design allows only ten patient samples to be tested at
once. This might not be cost efficient, but it ensures low pre-
analytical errors depending, especially, on the time consumed.
It also prevents the extra adsorption of peptide from using a
PTP and extra pipetting from the PTP to the test plate.
Additionally, Willemse et al. found that the CSF volume/
area ratio of the wall tube was also critical to the binding
intensity and avoiding such a problem may require using the
Aβ1–42/Aβ1–40 ratio (Willemse et al. 2017).

Conclusion

Using polypropylene plates prior to loading the samples onto
the test plate can result in erroneously low amyloid levels and
may lead to misdiagnosis. These errors in the measurement of
Aβ1–42 levels can also affect the determination of cutoff
values for CSFAβ1–42.

Acknowledgements The English of the manuscript has been edited by
EDANZ Language Editing Service with the reference number 17590.

Author Contributions Erdinç Dursun: study concept and design, analysis
and interpretation of data, study supervision, drafting and revision of
manuscript for intellectual content

Merve Alaylıoğlu: study concept and design, acquisition and analysis
of data

Başar Bilgiç: acquisition of data, revision ofmanuscript for intellectual
content

Haşmet Hanağası: acquisition of data, revision of manuscript for in-
tellectual content

Hakan Gürvit: acquisition of data, revision of manuscript for intellec-
tual content

Murat Emre: acquisition of data, revision of manuscript for intellectual
content

DuyguGezen-Ak: study concept and design, acquisition, analysis, and
interpretation of data, study supervision, drafting and revision of manu-
script for intellectual content

Funding Information The present work was supported by the Scientific
and Technological Research Council of Turkey-TUBITAK (Project No.
112S361) and by the Research Fund of Istanbul University (Project no:
27781).

Compliance with Ethical Standards

Signed informed consent was obtained from all study participants.

Conflict of Interest The authors declare that they have no conflict of
interest.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

Alzheimer's Association (2012) 2012 Alzheimer’s disease facts and fig-
ures. Alzheimers Dement 8(2):131–168. https://doi.org/10.1016/j.
jalz.2012.02.001

Cullen VC, Fredenburg RA, Evans C, Conliffe PR, Solomon ME (2012)
Development and advanced validation of an optimized method for
the quantitation of Abeta42 in human cerebrospinal fluid. AAPS J
14(3):510–518. https://doi.org/10.1208/s12248-012-9360-7

del Campo M, Mollenhauer B, Bertolotto A, Engelborghs S, Hampel H,
Simonsen AH, Kapaki E, Kruse N, Le Bastard N, Lehmann S,
Molinuevo JL, Parnetti L, Perret-Liaudet A, Saez-Valero J, Saka
E, Urbani A, Vanmechelen E, Verbeek M, Visser PJ, Teunissen C
(2012) Recommendations to standardize preanalytical confounding
factors in Alzheimer's and Parkinson's disease cerebrospinal fluid
biomarkers: an update. Biomark Med 6(4):419–430. https://doi.
org/10.2217/bmm.12.46

Duits FH, Teunissen CE, Bouwman FH, Visser PJ, Mattsson N,
Zetterberg H, Blennow K, Hansson O, Minthon L, Andreasen N,
Marcusson J,Wallin A, RikkertMO, TsolakiM, Parnetti L, Herukka
SK, Hampel H, De Leon MJ, Schroder J, Aarsland D, Blankenstein
MA, Scheltens P, van der Flier WM (2014) The cerebrospinal fluid
BAlzheimer profile^: easily said, but what does it mean? Alzheimers
Dement 10(6):713–723 e712. https://doi.org/10.1016/j.jalz.2013.
12.023

Fourier A, Portelius E, Zetterberg H, Blennow K, Quadrio I, Perret-
Liaudet A (2015) Pre-analytical and analytical factors influencing
Alzheimer's disease cerebrospinal fluid biomarker variability. Clin
Chim Acta 449:9–15. https://doi.org/10.1016/j.cca.2015.05.024

Gezen-Ak D, Yilmazer S, Dursun E (2014) Why vitamin D in
Alzheimer's disease? The hypothesis. J Alzheimers Dis 40(2):257–
269. https://doi.org/10.3233/JAD-131970

Illan-Gala I, Vilaplana E, Pegueroles J, Montal V, Alcolea D, Blesa R,
Lleo A, Fortea J, Alzheimer's Disease Neuroimaging I (2017) The
pitfalls of biomarker-based classification schemes. Alzheimers
Dement 13(9):1072–1074. https://doi.org/10.1016/j.jalz.2017.06.
002

Perret-Liaudet A, Pelpel M, Tholance Y, Dumont B, Vanderstichele H,
Zorzi W, Elmoualij B, Schraen S, Moreaud O, Gabelle A,
Thouvenot E, Thomas-Anterion C, Touchon J, Krolak-Salmon P,
Kovacs GG, Coudreuse A, Quadrio I, Lehmann S (2012) Risk of
Alzheimer's disease biological misdiagnosis linked to cerebrospinal
collection tubes. J Alzheimers Dis 31(1):13–20. https://doi.org/10.
3233/JAD-2012-120361

Schindler SE, Sutphen CL, Teunissen C, McCue LM, Morris JC,
Holtzman DM, Mulder SD, Scheltens P, Xiong C, Fagan AM
(2018) Upward drift in cerebrospinal fluid amyloid beta 42 assay

538 J Mol Neurosci (2019) 67:534–539

https://doi.org/10.1016/j.jalz.2012.02.001
https://doi.org/10.1016/j.jalz.2012.02.001
https://doi.org/10.1208/s12248-012-9360-7
https://doi.org/10.2217/bmm.12.46
https://doi.org/10.2217/bmm.12.46
https://doi.org/10.1016/j.jalz.2013.12.023
https://doi.org/10.1016/j.jalz.2013.12.023
https://doi.org/10.1016/j.cca.2015.05.024
https://doi.org/10.3233/JAD-131970
https://doi.org/10.1016/j.jalz.2017.06.002
https://doi.org/10.1016/j.jalz.2017.06.002
https://doi.org/10.3233/JAD-2012-120361
https://doi.org/10.3233/JAD-2012-120361


values for more than 10 years. Alzheimers Dement 14(1):62–70.
https://doi.org/10.1016/j.jalz.2017.06.2264

Stohr J, Watts JC, Mensinger ZL, Oehler A, Grillo SK, DeArmond SJ,
Prusiner SB, Giles K (2012) Purified and synthetic Alzheimer's
amyloid beta (Abeta) prions. Proc Natl Acad Sci U S A 109(27):
11025–11030. https://doi.org/10.1073/pnas.1206555109

Tapiola T, Alafuzoff I, Herukka SK, Parkkinen L, Hartikainen P, Soininen
H, Pirttila T (2009) Cerebrospinal fluid {beta}-amyloid 42 and tau
proteins as biomarkers of Alzheimer-type pathologic changes in the
brain. Arch Neurol 66(3):382–389. https://doi.org/10.1001/
archneurol.2008.596

Vanderstichele H, Demeyer L, Janelidze S, Coart E, Stoops E, Mauroo K,
Herbst V, Francois C, Hansson O (2017) Recommendations for
cerebrospinal fluid collection for the analysis by ELISA of
neurogranin trunc P75, alpha-synuclein, and total tau in combination

with Abeta(1-42)/Abeta(1-40). Alzheimers Res Ther 9(1):40.
https://doi.org/10.1186/s13195-017-0265-7

Vrlinic T, Debarnot D, Legeay G, Coudreuse A, El Moualij B, Zorzi W,
Perret-Liaudet A, Quadrio I, Mozetic M, Poncin-Epaillard F (2012)
Are the interactions between recombinant prion proteins and poly-
meric surfaces related to the hydrophilic/hydrophobic balance?
Macromol Biosci 12(6):830–839. https://doi.org/10.1002/mabi.
201100454

Willemse E, van Uffelen K, Brix B, Engelborghs S, Vanderstichele H,
Teunissen C (2017) How to handle adsorption of cerebrospinal fluid
amyloid beta (1-42) in laboratory practice? Identifying problematic
handlings and resolving the issue by use of the Abeta42/Abeta40
ratio. Alzheimers Dement 13(8):885–892. https://doi.org/10.1016/j.
jalz.2017.01.010

J Mol Neurosci (2019) 67:534–539 539

https://doi.org/10.1016/j.jalz.2017.06.2264
https://doi.org/10.1073/pnas.1206555109
https://doi.org/10.1001/archneurol.2008.596
https://doi.org/10.1001/archneurol.2008.596
https://doi.org/10.1186/s13195-017-0265-7
https://doi.org/10.1002/mabi.201100454
https://doi.org/10.1002/mabi.201100454
https://doi.org/10.1016/j.jalz.2017.01.010
https://doi.org/10.1016/j.jalz.2017.01.010

	Amyloid Beta Adsorption Problem with Transfer Plates in Amyloid �Beta 1–42 IVD Kits
	Abstract
	Introduction
	Material and Methods
	Patients and Patient Consent
	CSF Collection, Processing, and Storage
	CSF Aβ 1–42 Assay
	Statistics

	Results
	Discussion
	Conclusion
	References


