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Abstract:

Objectives
Differing preanalytical and analytical procedures regarding liquid biopsy samples may
result in varying test results. This study analyzes differences in six protein
concentrations quantified from human blood serum depending on the tube material,
and on the immunoassay platform used.
Methods
First, blood samples of 315 individuals were collected in glass and polypropylene
tubes. Second, serum concentrations of six proteins (i.e., BDNF, IGF-1, VEGF-A, TGFß1, MCP-1, and IL-18) were assessed by using classical enzyme-linked
immunosorbent assays (ELISAs) and a novel fully automated immunoassay platform
(Ella), respectively. Bland-Altman analyses were conducted to investigate intra-sample
variability of protein concentrations depending on sampling tube and immunoassay
platform.
Results
Regarding the between-tube comparison, there was little influence of the tube type on
concentrations for two proteins, i.e., mean biases -0.45% (IGF-1), -0.69% (IL-18). The
other four proteins (VEGF-A, MCP-1, TGF-β1, and BDNF) exhibited higher mean
biases, ranging between -32.17% and -70.64%.
Regarding the between-platform comparison, for two of the proteins we found less
pronounced influences of the assay type on concentrations, i.e., mean biases of 7.68% for VEGF-A and 11.74% for TGF-β1. Values for the other proteins deviated
more strongly with biases between 21.04% and -128.10%.
Conclusion
Protein concentrations can vary significantly depending on the types of tube and
immunoassay used with protein-specific differences. Our results support the need for
standardization and harmonization of preanalytical and analytical laboratory measuring
conditions. Method-specific reference intervals and clinical decision points should be
considered.
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Abstract
Objectives
Differing preanalytical and analytical procedures regarding liquid biopsy samples may result in
varying test results. This study analyzes differences in six protein concentrations quantified
from human blood serum depending on the tube material, and on the immunoassay platform
used.

Methods
First, blood samples of 315 individuals were collected in glass and polypropylene tubes.
Second, serum concentrations of six proteins (i.e., BDNF, IGF-1, VEGF-A, TGF-ß1, MCP-1,
and IL-18) were assessed by using classical enzyme-linked immunosorbent assays (ELISAs)
and a novel fully automated immunoassay platform (Ella), respectively. Bland-Altman analyses
were conducted to investigate intra-sample variability of protein concentrations depending on
sampling tube and immunoassay platform.

Results
Regarding the between-tube comparison, there was little influence of the tube type on
concentrations for two proteins, i.e., mean biases -0.45% (IGF-1), -0.69% (IL-18). The other
four proteins (VEGF-A, MCP-1, TGF-β1, and BDNF) exhibited higher mean biases, ranging
between -32.17% and -70.64%.
Regarding the between-platform comparison, for two of the proteins we found less pronounced
influences of the assay type on concentrations, i.e., mean biases of -7.68% for VEGF-A and
11.74% for TGF-β1. Values for the other proteins deviated more strongly with biases between
21.04% and -128.10%.

Conclusion
Protein concentrations can vary significantly depending on the types of tube and immunoassay
used with protein-specific differences. Our results support the need for standardization and
harmonization of preanalytical and analytical laboratory measuring conditions. Methodspecific reference intervals and clinical decision points should be considered.

Introduction
Sixty to seventy percent of physicians’ medical decisions are based on laboratory test results,
while the clinical usefulness and need of such biomarkers vary among the different medical
fields [1]. As a measurable indicator of a biological state or condition, biomarker values
analyzed in blood or blood fractions are the most common and most convenient types of
biomarkers. However, there are several technical issues in blood analyses. Different
preanalytical and analytical procedures including clotting (or non-clotting when desired) of
samples, storage period and conditions, biomarker assays and platforms, and types of tubes
used can result in different test results (for a review see Revuelta-López et al., 2021 [2]). For
instance, in the diagnostic process of Alzheimer’s disease (AD) where the use of biomarkers is
becoming increasingly important [3,4], it was shown that a lack of standardization in the
sampling and processing of cerebrospinal fluid (CSF) [5] and serum [6] biomarkers can lead to
varying results. An especially pronounced preanalytical effect is known concerning the tube
type used for the collection of cerebrospinal fluid to quantify amyloid-beta peptides [7].
Overall, it is estimated, that up to 75% of total laboratory deviations originate in the
preanalytical phase [8–10], of which up to 26% may have a negative impact on appropriate
patient care [11].
There is evidence that plain tubes from the same material, but from different manufacturers,
result in different concentrations of the same biomarker [12]. The same is true for tubes with
and without additives, with variation in biomarker values between tubes of up to 215% [13].
Studies comparing plain tubes with tubes containing clotting activators showed differences in
serum protein compositions with up to 2.66-fold difference [14]. These and further findings
[15,16] indicate that preanalytical factors and their influence on biomarker values need to be
assessed to know whether these values are reliable.

Yet another factor potentially yielding varying absolute results is the use of different biomarker
assays and analytic platforms. Especially when implementing immunoassays for the
quantification of biological molecules, the use of different antibodies and technical details may
lead to varying absolute results for a given marker [17]. This may not hinder a reliable
utilization of a given biomarker, but a comparison of values between different assays needs to
be assessed consistently to compare results concerning their diagnostic meaningfulness.
The aims of the current study were, (1) to analyze potential intra-individual differences of six
biomarker values quantified from blood serum samples taken in blood tubes made from
different materials (polypropylene and glass) without additives, and (2), to examine differences
in quantitative results from commonly used enzyme-linked immunosorbent assays (ELISAs)
and from a novel fully automated immunoassay measuring platform. The six considered
biomarkers brain-derived neurotrophic factor (BDNF), insulin-like growth factor 1 (IGF-1),
vascular endothelial growth factor A (VEGF-A), transforming growth factor-beta type 1 (TGFß1), monocyte chemoattractant protein 1 (MCP-1), and interleukin-18 (IL-18) may be
instrumental in the biomarker-aided diagnosis of AD [13,18]. Thus, to be beneficial in the
diagnostic regimen, the susceptibility of absolute values for these markers depending on
varying preanalytical and analytical factors needs to be assessed.
We hypothesize that (1) when analyzing the biomarkers in human blood serum, there will be
significant differences in laboratory values according to different blood tubes the sample was
filled into, and (2) when analyzing one respective sample on two different immunoassay
measuring platforms, laboratory values will be significantly different.

Materials, subjects, and methods
Participants
The sample (N=315) consisted of participants of the study “Earlier and Differential diagnosis
of Alzheimer’s Disease” (EDAD). Cognitively impaired patients (n=214) were consecutive
referrals to the Memory Clinic of the University Department of Geriatric Medicine FELIX
PLATTER, Basel, Switzerland. They were required to have obtained at least 20/30 points on
the Mini-Mental Status Examination [19]. Patients were diagnosed according to the fifth edition
of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5 [20]). Cognitively
healthy subjects (n=101) were participants of the Memory Clinic's "Registry of Cognitively
Healthy Individuals Interested to Participate in Research". All patients and healthy controls
were of German/Swiss-German native language and were required to be 50 years or older to
participate in the trial.
We did not include participants with severe or unstable medical conditions that might interfere
with the clinical or neuropsychological study procedures, such as infectious diseases (e.g., HIV,
COVID-19), hepatic dysfunction or renal insufficiency, psychotic disorder, bipolar disorder,
substance addiction at present or in the past, history of stroke with residual symptoms, current
or past unstable malignant disease within the last two years or chronic use of psychoactive drugs
with sedative or anticholinergic effects.
Written informed consent was obtained from all participants. The local ethics committee
(Ethikkommission Nordwest- und Zentralschweiz, EKNZ; No. 2019-00386) approved the
study.

Blood sampling
Blood samples were taken by trained nurses and collected in neutral polypropylene 7.5 ml SMonovette® tubes without additives (Sarstedt, Nümbrecht, Germany) as well as in glass 5.0 ml
BD Vacutainer® tubes without additives (BD, Franklin Lakes, United States) in random order.
The samples were given time to clot for 60 min and protected from heat before being
centrifuged at room temperature for 10 min at 2000×g to segregate the serum. The maximal
time from taking the blood sample until freezing of the serum was 120 minutes. The obtained
serum was frozen and stored in 500 µl aliquots in 1.5 ml polypropylene tubes at -80°C until
analysis. Hemolytic, lipemic or icteric samples were excluded, as such quality deficits can
potentially influence assay results. Samples were shipped on dry ice. Storage time between
sample taking and analyses ranged between several days and a maximum of 3.5 months for
samples analysed with ELISA and up to a maximum of 9 months for samples measured on Ella.

Measurement of BDNF, IGF-1, VEGF-A, TGF-β1, MCP-1 & IL-18
on ELISA platform
The protein levels of the six biomarkers BDNF, IGF-1, VEGF-ATGF-ß1, MCP-1, and IL-18
were assessed using ELISAs, described in detail elsewhere [13]. Briefly, the quantifications
were performed according to the manufacturer's instructions with the application of the specific
sample dilutions. These sample dilutions were optimized and established for each biomarker by
our workgroup. In addition to the assay-specific protein standards, an internal control was
measured within each assay run. Samples from both blood tube types were assayed within the
same runs. Assay results were quantified using a microplate reader (Versamax, Molecular
Devices, San Jose, CA, USA). The protein concentrations for BDNF, IGF-1, and TGF-β1 are
expressed in ng/ml and pg/ml for VEGF, MCP-1, and IL-18.

Measurement of BDNF, VEGF-A, TGF-β1, MCP-1 & IL-18 on Ella
platform
The concentrations of the five biomarkers BDNF, VEGF-A, TGF-β1, MCP-1, and IL-18 were
assessed using the platform Ella (ProteinSimple, San Jose, CA, USA), a fully automated
immunoassay workbench system working with a closed cartridge system. Since there is no
commercially available assay for the quantification of IGF-1 on this platform, no data is
available for this marker. Samples for the measurement on Ella platform were solely taken from
Sarstedt tubes. The protein concentrations are expressed in pg/ml for all biomarkers.

Statistical Analyses
All statistical analyses were conducted with GraphPad Prism 9.1.0 (GraphPad Software, San
Diego, USA).
To assess differences between the six serum biomarker values quantified in serum collected in
Sarstedt and BD tubes and the five biomarkers quantified applying classical ELISAs or the Ella
platform, respectively, we calculated median, interquartile ranges, and minimum/maximum
values, as well as mean and standard deviation.
Furthermore, for the intra-individual differences between tube values and between assay values,
respectively, we conducted Bland-Altman analyses and plotted the respective values with the
average of two values depicted on the x-axis and the percentual difference (100*(Sarstedt valueBD value)/average) or (100*(ELISA value-Ella value)/average) respectively, on the y-axis. For
Bland-Altman analyses, mean bias values close to zero with narrow 95% limits of agreement
are considered favorable. However, results need to be interpreted from a clinical point of view
for every protein, as there are no valid standard ranges.

Results
Sample sizes & demographic characteristics
Data from 214 patients and 101 healthy controls were merged, equal to a total N of 315. With
serum analyses from two different blood tubes, this would amount to a total of 315 pairs of data
for each of the 6 biomarkers. For some biomarkers, no data were available due to the respective
biomarker value being below the quantification threshold or gaining too little blood from some
participants. Overall, 292 participants had data available for all six biomarkers from the two
respective tube types. These participants had a mean age of 72.0±8.5 years, 45.5% were female.
For the comparison of different measuring platforms, a sample of n=211 had data available for
all 5 biomarkers measured on both platforms.

Descriptive statistics and Bland-Altman analysis of serum
biomarkers – blood tube comparison
A full description of the values for the respective biomarkers measured in serum from Sarstedt
and BD tubes is depicted in table 1. For biomarkers BDNF, VEGF-A, TGF-β1 and MCP-1
medians are lower in the Sarstedt group than in the BD group. In contrast, medians are similar
between both groups for IGF-1 and IL-18, respectively.

Table 1 - Concentrations of biomarkers quantified from serum collected in different tube types (Sarstedt tubes and BD tubes)
BDNF (ng/ml)

IGF-1 (ng/ml)

VEGF-A (pg/ml)

TGFβ-1 (ng/ml)

MCP-1 (pg/ml)

IL-18 (pg/ml)

Sarstedt (n=297)

BD (n=297)

Sarstedt (n=297)

BD (n=297)

Sarstedt (n=297)

BD (n=297)

Sarstedt (n=297)

BD (n=297)

Sarstedt (n=296)

BD (n=296)

Sarstedt (n=293)

BD (n=293)

Minimum

1.348

2.33

47.25

24.76

8.536

18.49

2.841

8.29

4.3

8.65

3.627

4.531

25% Percentile

7.816

19.26

108

108.7

113.4

197

19.02

35.19

49.35

73.73

171.1

174.5

Median

10.95

24.1

137

138.2

199.8

298.6

25.5

42.1

67.98

96.72

228.8

226

75% Percentile

16.5

29.53

169

168.3

307.1

479.7

32.93

49.48

93.56

126.4

322.7

316.3

Maximum

34.49

62.96

279.9

276

1320

1688

55.08

82.2

396.8

355.1

3269

3242

Range

33.14

60.63

232.6

251.2

1311

1670

52.24

73.91

392.5

346.4

3265

3238

Mean

12.41

24.92

138.6

139.3

242.8

364.7

26.18

42.39

77.82

104.5

340.8

343.7

Std. Deviation

6.749

8.481

42.25

42.25

189.4

246.4

10.01

11.41

45.04

50.05

438.3

441.2

BDNF=brain-derived neurotrophic factor; IGF-1=insulin-like growth factor 1; VEGF-A=vascular endothelial growth factor A; TGF-ß1=transforming
growth factor-beta type 1; MCP-1=monocyte chemoattractant protein 1; IL-18=interleukin-18.

According to Bland-Altman analyses, the mean bias was low for the biomarkers IGF-1 (-0.45%
with 95% limits of agreement between -20.86% and 19.96%) and IL-18 (-0.69% with 95%
limits between -18.04% and 16.66%). Values from the Bland-Altman analyses indicate
markedly differing values depending on the type of blood tube for the remaining biomarkers
(Fig 1).
Fig 1. Bland-Altman plots of percentage difference (Sarstedt value-BD value, y-axis)
against mean (x-axis) of biomarker concentrations quantified from blood serum collected
in different tube types. Mean bias and 95% limits of agreement (±1.96 standard deviations)
are depicted with dotted lines. BDNF=brain-derived neurotrophic factor; IGF-1=insulin-like
growth factor 1; VEGF-A=vascular endothelial growth factor A; TGF-beta1=transforming
growth factor-beta type 1; MCP-1=monocyte chemoattractant protein 1; IL-18=interleukin-18.

Normality tests, mean differences and correlations – measuring
platform comparison
A full description of the absolute values for the respective biomarkers measured in serum using
ELISAs and the Ella platform is shown in table 2. Medians were similar between the two groups
for biomarkers BDNF and TGF-β1, respectively. For VEGF-A, the median was higher in the
ELISA group, whereas for MCP-1 and IL-18, median biomarker values in the ELISA group
were lower, respectively.

Table 2 – Concentrations of biomarkers quantified using different immunoassay platforms (ELISAs and Ella platform)
BDNF (pg/ml)

VEGF-A (pg/ml)

TGFβ-1 (pg/ml)

MCP-1 (pg/ml)

IL-18 (pg/ml)

ELISA (n=213)

Ella (n=213)

ELISA (n=213)

Ella (n=213)

ELISA (n=213)

Ella (n=213)

ELISA (n=212)

Ella (n=213)

ELISA (n=211)

Ella (n=213)

Minimum

1348

1163

8.54

8.26

4119

4381

12.53

28.1

27.4

43.8

25% Percentile

7710

9208

120.1

109

19475

15531

47.67

254

173

146.5

Median

11262

12932

214

188

25800

22510

67.98

332

224.2

188

75% Percentile

16949

20921

305.1

290.5

33323

30204

93.56

405

307

234.5

Maximum

34492

45108

1320

1180

55079

64552

396.8

2207

3269

908

Range

33144

43945

1311

1172

50960

60171

384.2

2179

3242

864.2

Mean

12583

15441

246.6

226.9

26589

24325

79.21

352.6

318.5

203.2

Std. Deviation

6958

9078

193.7

172.8

10330

11855

47.96

173.1

386.6

91.66

BDNF=brain-derived neurotrophic factor; VEGF-A=vascular endothelial growth factor A; TGF-ß1=transforming growth factor-beta type 1; MCP1=monocyte chemoattractant protein 1; IL-18=interleukin-18; ELISA= enzyme-linked immunosorbent assay.

After conducting Bland-Altman analyses for each biomarker, we found a mean bias of -7.68%
with 95% limits of agreement between -29.84 and 45.2% for VEGF-A. For TGF-β1 the overall
mean bias was comparable in magnitude with 11.74%, however with wider 95% limits (60.21% to 83.7%). For all other biomarkers, the biases were larger, the most extreme mean bias
was found for MCP-1 with -128.1% and 95% limits of agreement between -175.9% and 80.32% (Fig 2), indicating that values obtained for the same marker on the two different
platforms largely differ.
Fig 2. Bland-Altman plots of percentage difference (ELISA value-Ella value, y-axis)
against mean (x-axis) of biomarkers from different platforms Ella and ELISA. Mean bias
and 95% limits of agreement (±1.96 standard deviations) are depicted with dotted lines.
BDNF=brain-derived neurotrophic factor; VEGF-A=vascular endothelial growth factor A;
TGF-beta1=transforming growth factor-beta type 1; MCP-1=monocyte chemoattractant protein
1; IL-18=interleukin-18; ELISA= enzyme-linked immunosorbent assay.

Discussion
Our data show, that depending on (1) blood tubes a specimen is taken into and (2) depending
on the type of immunoassay used, obtained concentrations of the six serum protein investigated
here can markedly differ. Importantly, results varied depending on the type of biomarker. Given
the fact that laboratories in everyday use may implement different tubes and assays, our findings
substantiate that absolute biomarker values within and between laboratories and clinical
institutions need to be compared with great caution. For these reasons, it is of utmost importance
to rule out as many unknown variables as possible to evaluate the quantitative result for a given
biomarker.
Our results underline that biomarker values are not directly displaying actual concentrations in
the human body but can be confounded by preanalytical handling, whereby the confounding
effect of the preanalytical handling varies between biomarkers. We found that usage of tubes
of two different manufacturers influenced the obtained serum concentrations of TGF-β1 and
BDNF in a non-linear manner as indicated by the most extreme Bland-Altman mean biases and
wide 95% limits of agreement (i.e., mean bias of 70.64% for BDNF and -49.5% for TGF-β1).
In contrast, biases were lower, and 95% limits narrow for the quantifications of IL-18 and IGF1. We assume that depending on hydrophobicity as well as the surface charges of molecules of
these biomarkers and the surfaces themselves, some molecules are more prone to stick to the
surface of certain materials (polypropylene vs. glass). Indeed, findings for the quantification of
CSF amyloid-beta42 peptides which adhere differently to plastic surfaces dependent on the
composition of the material also showed differing quantitative results dependent on different
tube types [7,12,21].
Furthermore, we found varying absolute values for the same markers dependent on the
measuring immunoassay platforms, in this case, a commonly used ELISA and a highly
automated immunoassay platform (Ella). Whereas for the serum biomarkers BDNF and VEGF-

A mean biases were low and 95% limits rather narrow (mean biases of -18.62% and -7.68%,
respectively), results for the remaining biomarkers showed either a comparatively low mean
bias paired with wide 95% limits of agreement (TGF-β1, IL-18) or an extremer mean bias with
more narrow limits of agreement (MCP-1). From a laboratory point of view, the numbers found
for BDNF and VEGF-A compare very well, and the high correlation of the values might most
probably be explained by the fact that the highly automated immunoassay platform (Ella) assays
for these biomarkers have been developed based on the exact two ELISAs used for the
quantification of these analytes (ProteinSimple, San Jose, CA, USA, personal communication).
Thus, the antibody pairs used in these assays are identical, and our results show that when using
the same antibody pairs in different immunoassay systems, results can be highly comparable.
Within the Ella assays for TGF-β1, MCP-1, and IL-18 different antibody pairs than within the
ELISAs are used, thus yielding different absolute values and varying non-linear effects within
the assays.
To focus on the concentration differences caused by the use of varying tube and assay types,
we aimed at ruling out as many other confounding factors as possible in the preanalytical and
analytical handling of the specimen by strictly sticking to standard operating procedures (SOP)
and technical instructions provided by the assay manufacturers. However, minor deviations
cannot be ruled out completely. To exclude effects of length of storage before analysis, we
independently monitored the stability of the biomarkers over the time of up to 15 months and
did not find and influence of storage time [13]. Additionally, we examined if there are batch
effects, i.e., if mean values differ significantly between batches of measured samples and found
no significant influence (data not shown).
Our results support the need for standardization and harmonization of preanalytical and
analytical laboratory measuring conditions. While from our data we cannot deduct that one type
of blood tube or measuring platform is less suited than the other, we here quantify the impact

of two possible influencing factors. However, it cannot be excluded that there are more
confounding factors not analyzed in this study.
Consequently, every diagnostic lab may need to assess limiting values, like cut-off thresholds
to be regarded as indicative for the presence of a certain condition, separately. There is a need
for trials with large cohorts to compare and standardize test results. These trials would need to
determine values for different technical systems categorically. Additionally, standard
substances need to be made available internationally.
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