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Abstract

Background: The pathophysiology of neurodegeneration is complex. Its diagnosis requires an early identification
of sequential changes in several hallmarks in the brains of affected subjects. The presence of brain pathology can
be visualized in the cerebrospinal fluid (CSF) by protein profiling. It is clear that the field of Alzheimer’s disease (AD)
will benefit from an integration of algorithms including CSF concentrations of individual proteins, especially as an
aid in clinical decision-making or to improve patient enrolment in clinical trials. The protein profiling approach
requires standard operating procedures for collection and storage of CSF which must be easy to integrate into
a routine clinical lab environment. Our study provides recommendations for analysis of neurogranin trunc P75,
α-synuclein, and tau, in combination with the ratio of β-amyloid Aβ(1–42)/Aβ(1–40).
Methods: Protocols for CSF collection were compared with CSF derived from subjects with normal pressure
hydrocephalus (n = 19). Variables included recipient type (collection, storage), tube volume, and addition of
detergents at the time of collection. CSF biomarker analysis was performed with enzyme-linked immunosorbent
assays (ELISAs). Data were analyzed with linear repeated measures and mixed effects models.

Results: Adsorption to recipients is lower for neurogranin trunc P75, α-synuclein, and tau (<10%), as compared to
Aβ(1–42). For neurogranin trunc P75 and total tau, there is still an effect on analyte concentrations as a function
of the tube volume. Protocol-related differences for Aβ(1–42) can be normalized at the (pre-)analytical level using
the ratio Aβ(1–42)/Aβ(1–40), but not by using the ratio Aβ(1–42)/tau. The addition of detergent at the time of
collection eliminates differences due to adsorption.

Conclusions: Our study recommends the use of low protein binding tubes for quantification in CSF (without
additives) of all relevant CSF biomarkers. Pre-analytical factors have less effect on α-synuclein, neurogranin trunc
P75, and total tau, as compared to Aβ(1–42). The ratio of Aβ(1–42)/Aβ(1–40), but not Aβ(1–42)/tau, can be used
to adjust for pre-analytical differences in analyte concentrations. Our study does not recommend the inclusion
of detergents at the time of collection of CSF. The present results provide an experimental basis for new
recommendations for parallel analysis of several proteins using one protocol for collection and storage
of CSF.
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Background
The pathophysiology of the neurodegenerative process is
complex. Neurodegeneration is characterized by sequen-
tial changes observed in the brain of affected subjects,
starting several decades before the onset of clinical
symptoms [1]. It is clear that the field of Alzheimer’s dis-
ease (AD) will benefit from integration of algorithms,
based on concentrations of individual proteins, as an aid
in clinical decision-making or to improve patient enrol-
ment in clinical trials.
The diagnosis of AD focused in the past especially on

the use of proteins which have been identified in plaques
and tangles, such as β-amyloid (Aβ) and tau [2]. How-
ever, other cerebrospinal fluid (CSF) proteins (e.g., synu-
clein, neurogranin) can reveal the presence of co-
pathologies in the brain, such as Lewy bodies or loss of
synapses. In this respect, identification of relevant pro-
tein profiles can further support the value of subject
stratification for inclusion in clinical trials, since the bio-
markers in the CSF can provide information on the
nature and degree of the pathological processes in the
brain of affected subjects.
CSF biomarker analysis is already integrated in

(research) criteria for the diagnosis of AD [3, 4], while
Aβ positron emission tomography (PET) imaging has
been approved by the Food and Drug Administration
(FDA) to identify subjects with ongoing amyloidopathy
[5]. Efforts are on-going in Europe (European Medicines
Agency (EMA)) and the United States (FDA) to qualify
CSF proteins for inclusion in clinical trials [6, 7]. The
performance evaluation of the in vitro diagnostic (IVD)
assays will have to be performed using well-documented
standard operating procedures (SOPs) for the handling
of biological fluids.
Some recommendations for collection and storage of

CSF for protein analysis were published previously. The
standardization efforts in the field of AD focused pre-
dominantly on CSF Aβ(1–42) [8, 9]. They included the
generation of reference methods [10] and the develop-
ment of fully automated quantification systems [11].
Recently, it was shown that the ratio of Aβ(1–42)/
Aβ(1–40) is preferred over Aβ(1–42) alone, not only
because of its better clinical performance [12–14], but
also because of its robustness at the (pre-)analytical
level [15]. Since an optimized diagnosis will require a
multi-protein approach, it is important to generate
one SOP which is applicable for all selected analytes.
The present paper extends for the first time observa-

tions made for Aβ species with respect to sample hand-
ling by the inclusion of data for total tau, α-synuclein,
and neurogranin trunc P75. Data were analyzed with lin-
ear repeated measures and mixed effects models. Our
study provides experimental evidence that it is possible
to apply the optimized SOP for Aβ isoform analysis to

SOPs for other CSF proteins. It will provide an experi-
mental basis for new recommendations to improve the
collection and storage of CSF for protein analysis in the
field of AD.

Methods
Subjects and sample collection
CSF was collected prospectively from patients undergo-
ing lumbar puncture (LP) due to clinical suspicion of
normal pressure hydrocephalus at the Memory Clinic,
Skåne University Hospital, Sweden. In these patients,
40 mL of CSF was collected as part of the clinical rou-
tine investigation. Anonymized CSF samples from 19 in-
dividuals were investigated. The detailed procedure for
CSF collection and storage is shown in Fig. 1a. In
addition, Fig. 1 gives an overview of the factors that were
evaluated in the present study (Fig. 1b) and information
on the selected recipients (Fig. 1c).
For each subject, 20 different SOPs were applied.

Several vials with 5 mL of CSF were collected during the
LP from the same subject in two types of tubes (low pro-
tein binding (LoB) or polypropylene (PP)) with or with-
out additives (Tween-20 (Tw20; Panreac AppliChem,
MO, USA) or Triton-X100 (TrX100; VWR Chemicals,
Stockholm, Sweden)). Each tube was graduated in order
to obtain the exact collection volume. A possible interfer-
ence by a gradient effect was overcome by randomization
of the order in which the different samples were collected.
In a subset of the collection tubes, 25 μl of 10% Tw20 or
TrX100 was added (final concentration 0.05% v/v). All
vials were mixed by inverting them 25 times. The vials
were kept at room temperature (RT) for 20 min, followed
by centrifugation (2000 g, RT, 10 min). From these ori-
ginal tubes, CSF was transferred into microtubes (0.5 ml/
1.5 ml, LoB/PP). After 1 week of storage at −80 °C, one
1.5-mL PP or LoB tube containing 1.3 mL CSF was
thawed, aliquoted, and stored at −80 °C before testing.
Among the tested procedures, there was no SOP using a
collection LoB tube and a PP storage tube. All samples
were analyzed after one freeze/thaw cycle. For the cases
included in the study, CSF collection started on 23
September 2014 and ended on 2 December 2014. Sample
analysis was performed in the first quarter of 2016. The
measured concentrations for each analyte and subject in-
cluded in the study are given in Additional file 1: Table S1.

Assays
CSF proteins were quantified by a CE-marked enzyme-
linked immunosorbent assay (ELISA) for total tau
(Euroimmun, Lübeck, Germany) and research ELISAs
for α-synuclein or neurogranin trunc P75 (produced
in the facilities of ADx NeuroSciences, Gent, Belgium).
All assays were designed with a combination of two
well-characterized monoclonal antibodies (mAbs). Some
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details of the test procedures are described in Additional
file 1: Table S2.
Before analysis, CSF samples were pipetted into pre-

blocked 96-well polypropylene plates as described in
detail previously [15]. The impact of the addition of de-
tergents to calibrators and/or CSF on analyte concentra-
tions, as measured in the current assay designs, was
verified before analyzing the samples of the study.
CSF and run-validation samples (i.e., calibrators added

to phosphate-buffered solutions) were analyzed in dupli-
cate in one lab (ADx) by one operator with one lot num-
ber of each ELISA. CSF samples from each individual
subject were tested on the same 96-well plate in order to
limit inter-plate variability. Reported values (mean of
two optical density (OD) values) were used to calculate
concentrations using a four parameter logistic (4-PL)
curve fit algorithm. Acceptance criteria for run valid-
ation included: (i) re-calculated values of each calibrator
concentration not to exceed 15% of the nominal concen-
tration; (ii) kit controls within pre-defined specifications;
and (iii) the variability between replicates must be lower
than 20%.

Analytical performance of the neurogranin trunc P75 assay
The analytical specificity of the new neurogranin assay
was verified in sandwich immuno-assay formats with
synthetic peptides covering either the full length of the
protein (Sequence: UniProtKB—Q92686) or peptides
truncated at the amino- or carboxy-terminus. Phosphor-
ylation at amino acid Serine 36 was included as an add-
itional confounding factor. Several approaches were used

to determine the assay selectivity, including but not
limited to the replacement in the assay design of either
the capture mAb or the detector mAb by a non-
neurogranin-specific mAb or by the addition of proteins
known to be present in CSF.
Parallelism was verified according to CLSI guideline

EP06-A. Two neat CSF samples were diluted up to 1/10
(in the working range of the assay) with sample diluent
and tested in quadruplicates. Concentrations were calcu-
lated taking into account the dilution factor.
Precision was evaluated using native CSF samples.

Analytical performance of the α-synuclein assay
The specificity of the assay for the detection of α-
synuclein (as compared to β-, or γ-) was verified with
recombinant proteins (Source: rPeptide, Fremont,
California, USA). Parallelism was verified according to
EP06-A. Four native CSF samples were serially diluted
with sample diluent up to 1/20 and tested in duplicate.
Concentrations were calculated taking into account the
dilution factor. Precision was evaluated using native CSF
samples.

Analytical performance of the total tau assay
The analytical performance characteristics for the total
tau assay have been summarized previously [16].

Comparison of adsorption rate in function of analyte or
ratios of analytes
The relative difference in adsorption rate between analytes
(individual proteins, ratio of proteins) were visualized by

Fig. 1 Protocols for collection and storage of CSF. a Schematic presentation of the collection and storage of CSF. Numbers refer to the protocol
number, with (numbers 11–20) or without (numbers 1–10) addition of detergent at the time of CSF collection. b Variables included in the study
design. c Recipients selected for the study. CSF cerebrospinal fluid, CV coefficient of variation, Liquid N2 Liquid nitrogen, LoB low protein binding,
LP lumbar puncture, PL parameter logistic, PP polypropylene
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plotting the mean relative differences for all subjects when
a comparison was made between the selected reference
protocol (Protocol 7) and the protocol that always resulted
in the highest relative difference (Protocol 6) or between
the reference protocol and a protocol including CSF col-
lection in PP tubes (Protocol 1).

Statistical analysis of the CSF SOP experiment
The SOP experiment provided repeated measures
data. The different measurements recorded on CSF
collected from the same subject form a multivariate
response. Measurements made with samples of the
same subject are correlated, while measurements be-
tween different subjects are considered independent
(with CSF of different subjects tested in different
assay runs). More details on the analysis are described
in reference [15] and Additional file 1: Figure S1. For
each analyte, the impact of the analyte concentration
on the calculated relative difference was verified by
regression analysis.

Results
Assay analytical performance
An overview of the performance characteristics of
each immuno-assay is essential to qualify the value of
the results obtained in this study on standardization

of the process for collection and storage of CSF. Part
of the assay performance characteristics for the neu-
rogranin trunc P75 and α-synuclein assay are de-
scribed in Additional file 1: Figure S2 and Figure S3,
respectively.
The addition of detergent (Tw20, Trx100) in the assay

during sample incubation affects the outcome of the
assay (= concentration) differently as a function of the
analyte, the detergent, or OD values for calibrators and
samples (Fig. 2). For calibrators, no effect on OD values
were shown for neurogranin trunc P75 and α-synuclein,
while OD values were higher for tau calibrators added to
a buffer in which Tw20 was added. For CSF, slightly
higher OD values were noted after the addition of deter-
gent into the neurogranin trunc P75 and α-synuclein
assay, but not for the tau assay. For α-synuclein, we ob-
served a possible difference in function of the selected
detergent type.
In order to standardize the measurement of the ana-

lytes in the study, and since our study design included
different CSF compositions (no detergent, Tw20,
TrX100), we performed the simultaneous incubation of
the sample (CSF, calibrator, kit controls) with biotinyl-
ated antibodies dissolved in a buffer containing 0.05%
(final concentration) Tw20. We observed no (major)
difference in function of the selected detergent.

Fig. 2 Effect of the addition of 0.05% detergent to the BIOTIN component (= biotinylated antibody) on calibration curves and samples in the
neurogranin trunc P75, α-synuclein, and total tau. A representative calibration curve is presented. Each calibrator point is the mean of duplicate
optical density (OD) values. Horizontal lines represent the mean OD values derived from all cerebrospinal fluid (CSF) samples as a function of the
relevant collection protocol
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Optimization of the CSF collection and storage procedure
for neurogranin trunc P75, α-synuclein, and tau
Figure 3 shows standardized mean concentrations for
each CSF protocol, ordered as a function of the protocol
number. Procedure 7 was considered previously as a
possible reference protocol for further analysis. This was
based on results obtained for the ratio Aβ(1–42)/Aβ(1–
40). Details of the pair-wise differences between SOPs
and p values are described in Additional file 1: Table S3.
When looking at differences among procedures without
the addition of detergent to CSF at the time of collection
(Fig. 3; SOPs 1–10, left-hand side, blue scales), proced-
ure 8 resulted in the highest observed mean concentra-
tion, followed by procedure 7. Both SOPs 7 and 8 use
LoB collection and storage tubes and have no additional
freeze-thaw cycle. For all analytes, the lowest observed
mean concentration was with SOP 6 that combines a PP
collection tube, a high volume PP storage tube (= higher
percentage of CSF versus recipient surface area), and an
additional freeze/thaw cycle. All in all, the differences
among SOPs are modest, with the largest effects seen
for neurogranin. The difference in mean concentration
between SOP 7 and SOP 6 (the maximal difference,
lower limit, upper limit) was estimated to be a decrease
of 16.9% (−20.2%, −13.5%) for neurogranin (p < 0.0001),

5.7% (−9.4%, −1.7%) for α-synuclein (p = 0.005), and
8.8% (−11.7%, −5.8%) for total tau (p < 0.001). In the
presence of detergent at the time of collection (Fig. 3;
SOPs 11–20, right-hand side, red color), there was only
a slight decrease of 4.3% (−7.0%, −1.4%) for total tau (p
= 0.004) between SOP 11 and SOP 17. All other dif-
ferences were not significant.
In addition, it was calculated that the observed differ-

ences of protocol 6 as compared to the reference
method (= protocol 7) was not dependent on the protein
concentration in the CSF.
In the second analysis (Fig. 4; Additional file 1:

Table S4), the effects of the different procedural fac-
tors and their relationship were estimated for each
analyte. In the absence of detergent (SOPs 1–10), the
same pattern of effects was revealed for neurogranin
and total tau, albeit with somewhat larger effects for
neurogranin. For all analytes, the collection of CSF in
PP tubes resulted in lower concentrations compared
to collection in LoB tubes, amounting to a decrease
of 2.7% (−0.3, −5.1%; p = 0.030), 1.7% (0.1, −3.5%; p =
0.063), and 0.5% (1.5, −2.5%; p = 0.574) for neurogra-
nin, α-synuclein, and total tau, respectively.
The transfer to a PP storage tube had a larger effect

and decreased the concentration on average by 5.3%

Fig. 3 Standardized mean concentration for each CSF protocol and analyte. Standardized mean concentrations (±95% confidence intervals) for
each CSF protocol, ordered from the highest to the lowest standardized concentration using protocol 7 as the reference. Numbers on the x axis
correspond to the numbers described in the collection protocol (Fig. 1). Blue colors are linked to procedures without detergent, red colors with
the addition of detergent at the time of collection. The line style is selected as a function of the collection procedure. Effect sizes and p values are
described in Additional file 1: Table S3. LoB low protein binding, PP polypropylene, SOP standard operating procedure
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(−7.8%, −2.8%; p = 0.0004), 2.4% (−4.7%, 0.0%; p = 0.052),
and 2.5% (−4.8%, −0.1%; p = 0.043) for neurogranin, α-
synuclein, and total tau, respectively.
Storage tube volume had no effect on the measured α-

synuclein concentrations. For neurogranin and total tau,
the effect of tube volume was dependent on the storage
tube type, with larger and significant effects for PP tubes.
For neurogranin, a large PP tube volume decreased the
concentration by 8.1% (−10.7%, −5.5%; p < 0.0001)
whereas for a LoB storage tube the estimated decrease
was only 1.2% (−3.4%, 1.0%; p = 0.275). For total tau, a
smaller volume of PP storage tube decreased the con-
centration significantly by 4.5% (−6.7%, −2.2%; p = 0.001)
whereas for a larger volume of the storage tube, the esti-
mated decrease was only 1.6% (−3.4%, 0.2%; not signifi-
cant (p = 0.073)).
For all three analytes, the effect of an additional

freeze-thaw cycle was dependent on the storage tube
volume. The effect was more pronounced for tubes with
a larger volume. For low volume tubes, the concentra-
tion was significantly decreased by an additional freeze-

thaw cycle only for neurogranin, amounting to a de-
crease by 3.4% (−5.8%, −0.8%; p = 0.013). For α-synuclein
and total tau, estimated differences in concentration
after freezing were below 1%. For the larger storage
tubes, the effect of an additional freeze-thaw cycle was a
significant decrease in concentration of 7.7% (−10.1%,
−5.3%; p < 0.0001) for neurogranin, 3.0% (−4.9%, −1.0%;
p = 0.0056) for α-synuclein, and 5.8% (−7.9%, −3.8%;
p < 0.0001) for total tau.
With the addition of detergent at the time of collec-

tion of CSF (SOPs 11–20), measured concentrations in-
creased for all three analytes ( Fig. 4; right-hand side, red
scales) with all standardized mean concentrations for
SOPs 11 to 20 being above 100. The differences among
SOPs, on the other hand, were largely attenuated. For
neurogranin and α-synuclein, none of the factors
affected the analyte levels significantly. For total tau, the
collection and storage tube type affected the concentra-
tion levels significantly even in the presence of deter-
gent. The use of a PP collection tube decreased the total
tau concentration by 2.5% (−4.3%, −0.8%; p = 0.008) and

Fig. 4 Optimization of CSF collection procedures. Effects of different factors. Results are shown as mean ± 95% confidence intervals for each
factor in the analysis. ColTube collection tube, FT freeze/thaw, H high, L low, LoB low binding, PP polypropylene, StorTube storage tube, Vol volume
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the use of a PP storage tube increased the concentration
by 1.9% (0.1%, 3.7%; p = 0.036) compared to a LoB tube.

Comparison of adsorption rate as a function of analyte
The overall difference in adsorption rate of individual
proteins or ratio of CSF proteins is shown in Fig. 5. A
comparison was made between protocol 7 (= the refer-
ence protocol) and protocol 6 or protocol 1 and as a
function of the inclusion of detergent at the time of
collection of CSF.
In the absence of detergent at the time of collection

(SOPs 1–10), the biggest difference with collection in
LoB tubes is obtained with Aβ(1–42), followed by
Aβ(1–40) and Aβ(1–38) (data modified according to
[15]). Results for Aβ(1–42) and Aβ(N–42) are identi-
cal (the latter is quantified by replacement in the
assay design of mAb 3D6 (specific for Aβ1) by mAb 1A1
(kindly provided by Eli Lilly; the mAb is specific for AβN)).
Changes in concentration of neurogranin as a function of
collection protocol are lower than for the Aβ isoforms.
Effects are even lower for tau or α-synuclein, but are still
significant. Adsorption problems linked to the use of
Aβ(1–42) can be normalized in part by the ratio Aβ(1–42)/
Aβ(1–40), but not by using the ratio Aβ(1–42)/tau.

In the presence of detergent at collection (SOPs
11–20), all analytes or ratio of analytes show comparable
results to those obtained with the reference protocol.

Discussion
This study describes the effects of pre-analytical vari-
ables on the quantification in CSF of several proteins
which are directly involved in the neurodegenerative
process. The recommended protocol as described in the
study is applicable for each selected protein in the CSF
biomarker panel. Our study results will speed-up the in-
tegration of biomarker panels into clinical trials.
Recent late-stage failures of clinical trials in the field

of AD will force the community to identify better tools
to select drug candidates which might become successful
as disease-modifying drugs. When using algorithms in-
cluding concentrations of a number of different bio-
markers (e.g., synapse proteins, tau, Aβ isoforms) for
decision-making, one needs to understand how each in-
dividual protein will be affected by changes in (pre-)ana-
lytical conditions. For example, Bjerke et al. [17]
reported that only native CSF without additives is com-
mutable for multiple method comparisons, including
mass spectrometry. In addition, the selection of the

Fig. 5 Visualization of difference in adsorption rate between CSF analytes or ratios of analytes. Results are shown as mean ± 95% confidence
intervals. Note: results for β-amyloid (Aβ) have been presented in [15]
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matrix type for use as a quality control sample in the
assay is important [18], while the effect of changes in
biomarker concentrations on clinical decision-making
must be documented for each analyte [19]. If needed,
statistical approaches are available for harmonization of
results between study designs or between sample pro-
cessing procedures [20].
The SOP experiments were analyzed with linear

repeated measures and mixed effects models. These
analysis methods properly handle the correlations
between the measurements and enable the combin-
ation of measurements from all samples to derive
one average effect. An important added value of this
versatile statistical approach is that it allows the
breakdown of the observed differences among SOPs
into effects caused by different factors and their
interplay.
Our data show that CSF concentrations of total tau, α-

synuclein, and neurogranin trunc P75 are less affected
than Aβ isoforms by changes in collection protocols.
Although some statistical differences were detected in
some cases, we consider them considerably lower
(<10.0% difference in protein concentration versus the
reference protocol) as compared to what was published
previously for Aβ(1–42) (>50% difference in concentra-
tion) [15]. The presence of detergent (TrX100 or Tw20)
at the time of collection normalizes the results between
study protocols. Partial normalization of protocol differ-
ences is obtained when using the ratio of Aβ(1–42)/
Aβ(1–40), but not by using the ratio Aβ(1–42)/Tau.
Thus, although the combination of Aβ(1–42)/tau has
been suggested as an alternative for Aβ(1–42) when
comparison has to be done with amyloid PET imaging,
this combination cannot solve the pre-analytical aspects.
One needs to take into account analytical and clinical
aspects of the biomarker analysis when statements are
made for the use of a specific protein combination for a
specific context of use.
Publications on (pre-)analytical standardization for

analysis in CSF of neurogranin or α-synuclein are
limited. Kruse et al. [21] reported data on handling
of CSF using another commercially available α-
synuclein ELISA. In contrast to our study, they did
not observe an effect on the aliquot volume, which
might be related to our experimental protocol or the
selected sample types. For the above-mentioned
assay, there was still a problem of lot-to-lot variabil-
ity [22].
Our results provide experimental evidence that it is

possible to extend the panel of CSF proteins, using
the same protocol for collection and storage as for
the classical CSF proteins, with synapse proteins. Syn-
apse loss correlates with cognitive decline and is
more associated within certain areas of the brain with

the degree of dementia as compared to plaques and
tangles [23]. Neurogranin, a calmodulin-binding post-
synaptic neuronal protein, is abundantly expressed in
perikaryal and dendritic cytoplasm. It is present as a
carboxy-terminal modified peptide that can be mea-
sured in human brain [24], CSF [25–27], and plasma
[27]. α-Synuclein has a function in synaptic plasticity,
brain lipid metabolism, and regulation of vesicle traf-
ficking [28]. The protein is localized in the pre-
synaptic neuronal terminals. α-Synuclein is the main
component of Lewy bodies and is highly abundant in
erythrocytes and platelets. The protein might be re-
leased from cells after freezing [29].
The visualization of adsorption rates as a function of

procedure and analyte will allow researchers to focus on
the most important factors during standardization of
collection and storage of CSF. The optimal protocol for
quantification of Aβ isoforms can be easily integrated
into protocols for other CSF analytes. However, some
factors, such as the storage tube or the number of
freeze-thaw cycles, can still affect the concentration de-
termination in CSF, especially when the volume of sam-
ple per tube is taken into account. The impact of these
differences on individual patient management or clinical
decision-making will have to be documented in future
diagnostic studies since these markers are not as inte-
grated yet into the field of neurodegeneration as the tau
and Aβ proteins.
The addition of detergents at the time of collection

of CSF can reduce the observed differences in adsorp-
tion rate as a function of the collection and storage
protocols. However, this will result in a higher order
of complexity for the already required detailed SOPs
for the collection of CSF. The latter is related to the
selected detergent and its in-process quality control,
the need to optimize the working concentration of
the detergent as well as how the detergent is added
to the sample (volume/volume ratio), the time of
presence in the sample before freezing, and the need
to standardize the collected volume of sample per
tube. Studies will have to verify whether samples with
detergents are still commutable with results obtained
with the available reference method for Aβ(1–42) [10]
or whether samples with detergent react in the same
way as neat biological samples (as a function of time,
temperature, shaking, freezing) with the antibodies in
the assay design.
There are some limitations to our study protocol.

The study was performed with two different deter-
gents. Since no significant differences were found be-
tween the selected detergents, data were analyzed
assuming the detergents had an identical effect. The
study was performed with an ad-hoc design that has
limitations to study the interplay among several
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factors. Among the tested procedures, there was no proto-
col using a collection LoB tube and a PP storage tube. As
such, the reported effect of the storage tube type should
be interpreted as the effect after collection in a PP tube.
The additional freeze/thaw cycle was only performed in
protocols with the same collection and storage tube type.
Optimization of the SOPs for collection and storage of
CSF was performed using one specific assay format and
test procedure.
Standardization of pre-analytical and analytical vari-

ables, including the development of fully automated assays
and the definition of global cut-offs, are essential to enable
a path for success for CSF neurogranin and α-synuclein in
the future.

Conclusions
The study recommends the integration of the follow-
ing topics into new guidelines for collection of CSF:
use low binding recipients during sample handling;
limit dead volume in tubes; use one collection proto-
col for analysis of Aβ(1–42)/Aβ(1–40) with other CSF
analytes; do not include detergent at the time of col-
lection of CSF. Taking into account their clinical
value, the recommendations provided in the present
paper will be able to speed-up the worldwide
standardization and integration of CSF AD biomarker
protein panels.
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CSF SOP, effect sizes, and p values. Table S4. Optimization of CSF
collection procedures. Standardized mean concentrations for each
factor, effect sizes and p values. Figure S1. Statistical analysis of the
CSF SOP experiment. Figure S2. Analytical performance data for the
neurogranin trunc P75 ELISA. Figure S3. Analytical performance data
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