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Abstract
Introduction In biobanking, harmonization and standardization of high-throughput assays to
measure biomarkers, such as inflammatory biomarkers, is crucial. We assessed the
reproducibility and standardization of inflammatory biomarker measurements of high
sensitive CRP (hsCRP), high sensitive Interleukin-6 (hsIL6) and high sensitive Tumor
Necrosis Factor Alpha (hsTNFα) with different assays, and analyzed the reproducibility of a
specific measurement between laboratories as well as the influence of sample storage time.
Methods In total, 240 fasting plasma samples were obtained from the LifeLines biobank.
Samples had been stored at -80oC for less than 2, or over 4 years. hsCRP was measured by
nephelometry and ELISA, and hsIL6 and hsTNFa were measured by two different ELISA
assays in three separate laboratories. For confirmation, a similar analysis was performed in
samples obtained from 80 obese subjects participating in a weight maintenance program.
Passing Bablok regression analysis was used to compare results.
Results The measurements suggested good stability of samples stored at -80oC. hsCRP
measured at the day of blood draw was similar to levels measured after > 4 years of storage.
There were small inter-laboratory differences with the R&D ELISA’s for hsIL6 and hsTNFa.
There was a linear relationship between the Bender and R&D ELISA for hsIL6, with
statistically significant higher levels measured with the R&D assay. Over 90% of samples
measured with the IBL hsTNFa ELISA were below the detection limit of 0.13 ng/l, rendering
this assay unsuitable for large scale analysis. Similar results were obtained in the
confirmation study.
Conclusion Plasma samples stored over a period of 2-4 years at -80 oC showed good stability
to perform measurements of inflammatory biomarkers. Even when the same ELISA method
was used, there were small variations in results reported by different laboratories. Cytokine
assays should be rigorously tested before large sample sets are measured.
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Introduction
Population-based biobanks are involved in processing and storage of biospecimens for
future studies and additionally accumulate epidemiological data, sometimes over decades., .
Several new biobanking initiatives have been launched building on these strengths. The
Biobank Standardization and Harmonization for Research Excellence in the European Union
(BioSHaRE-EU) project is based on international collaborative projects between European
and Canadian institutes and European cohort studies. The project has developed and applied
several methods and tools for harmonization and standardization in European biobanks and
major biomedical studies 1. If an efficient organization of these existing resources is
implemented, rapid progress in the biomedical field can be achieved. This has been
impressively demonstrated by the success of genome-wide association (GWAS) studies and
the combined analysis of these data in large meta-analyses 2.
For other new techniques like metabolomics 3 and epigenomics 4, the availability of
samples of high quality is crucial. Standardization of sample collection, pre-analytics,
harmonization and standardization of high-throughput assays to measure biomarkers, such as
inflammatory biomarkers is crucial 5, 6. In general, biomarkers are defined as objectively
measurable indicators for biological or pathobiological processes or pharmacological
responses towards medical treatment 7. Biomarkers may serve as surrogate endpoints, which
correlate with clinical endpoints, indicate disease progression and regression under therapy,
and may allow outcome prediction. For optimal collaboration between cohort studies or
biobanks, harmonization and standardization of analytical procedures of biomarker
measurements is essential. Analytical results may be affected by pre-analytical conditions and
analytical variability 6, 8. For example, different types of samples may be available for
analyses, but may yield different results upon measurement (i.e. serum versus plasma).
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Furthermore, measurements may need to be performed on stored samples, which may have
been influenced by different temperatures and different duration of storage 9-11. Finally,
results may be based on the use of different assays, techniques or equipment.
Studies investigating the variability of sample processing, different assays, the use of
different sample types and the reproducibility of archived samples are scarce, particularly
with regards to measurement of inflammatory biomarkers like cytokines 12. Aziz et al.
examined pre-analytical variables on high sensitive C-reactive protein (hsCRP) and found
that hsCRP levels in serum were not significantly different from plasma samples 13. In
addition, storage of samples at -70 °C for 3 weeks had no effect on hsCRP concentrations.
However, some contradictory data regarding long-term storage of hsCRP exists 14, 15. Only a
few studies have evaluated and compared different assays to measure other inflammatory
markers. López-Campos et al. compared enzyme-linked immunosorbent assay (ELISA) with
immunonephelometry for the measurement of hsCRP in patients with stable COPD 16.
Although the serum hsCRP concentrations measured by ELISA and nephelometry correlated
well, concentrations measured using ELISA tended to be lower.
The present study aimed to assess the reproducibility and standardization of several
inflammatory biomarker measurements , including high sensitive CRP (hsCRP), high
sensitive Interleukin-6 (hsIL6) and high sensitive Tumor Necrosis Factor Alpha (hsTNFα),
taking into account the influence of assay variability, the reproducibility of a specific
measurement between laboratories as well as the influence of sample storage time and
conditions.

Materials and Methods
Participants and sample collections
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Subjects included were participants from the LifeLines Cohort Study 17. Lifelines is a
multi-disciplinary prospective population-based cohort study examining in a unique threegeneration design the health and health-related behaviours of persons living in the North of
The Netherlands. It started in 2007, and employs a broad range of investigative procedures in
assessing the biomedical, socio-demographic, behavioural, physical and psychological factors
which contribute to the health and disease of the general population, with a special focus on
multi-morbidity and complex genetics. The methodology has been described previously 18.
All participants were between 18 and 90 years old at the time of enrolment. They provided
written informed consent before participating in the study. The study protocol was approved
by the medical ethical review committee of the University Medical Center Groningen.
Blood samples were drawn by venipuncture in the fasting state, between 8 and 10 a.m.
After blood withdrawal, tubes were transported (2 hours) to the LifeLines laboratory either at
room temperature, or at 4 oC, depending on the required procedure for the specific tube.
Subsequently, samples for direct analysis were handed to technicians of the department of
Laboratory Medicine at the University Medical Center of Groningen. All other samples were
centrifuged and aliquoted into smaller tubes and stored in freezers at -80 oC until the
measurements were performed. For reliable and secure storage of all samples, LifeLines has
used the Micronic 0.9 ml screw-cap tubes.
For the current study, a 900 L plasma sample from each participant was to be
selected by the LifeLines Scientific Bureau according to the study protocol. Half the samples
had been stored for less than 2 years (n=120) and the other half for more than 4 years
(n=120). Samples were thawed once, aliquoted into 0.9 ml shipment tubes, and stored again
at -80 oC. Aliquots representing all the samples were shipped on dry ice to the laboratories of
Trondheim in Norway, Ulm in Germany and Groningen in The Netherlands, where they
remained in storage at -80 oC until use for the specific measurements. The inflammatory
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biomarkers were measured in all 240 participants using assays available at the given locations
(Tables 1 and 2).
For confirmation of the initial results, additional analysis of IL6 and TNFα were performed
by one dedicated analyst in a set of 80 samples obtained from obese individuals who
participated in a weight-reduction program in The Netherlands (the LOWER study,
www.clinicaltrials.gov, NCT00862953).

Laboratory measurements
Details of the assays including detection ranges are summarized in Table 2. HsCRP
was measured in 120 fresh serum samples and re-measured in 4-year old samples (n=120)
using latex enhanced immunonephelometry (Siemens Healthcare Diagnostics).
Standardization is based on protein reference ERM DA 470 (CRM 470). Results of hsCRP
measurements were compared using either the R&D ELISA (location A) or nephelometry
(location C). At each location, measurments were done according to the instructions of the
manufacturer. The minimum detection limit of the assay was 0.010 ng/mL.
Both at location A and location C, 240 stored serum samples were measured using the
hsIL6 ELISA R&D, whereas location B used the hsIL6 ELISA from Bender MedSystems.
Both kits were used according to the instructions of the manufacturer. The R&D ELISA used
100 µl of sample for analysis. The Bender MedSystems ELISA kit was specifically chosen as
it used a smaller amount of sample (50 µl) for analysis.
hsTNFa was measured with the R&D ELISA kit (HSTA00D) at location A and C and
with the IBL ELISA at location B. Sample volume needed was 200 µl. wa
The IBL ELISA was specifically chosen as it uses a lower amount of sample (50 µl)
compared to the R&D ELISA.
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Statistical analyses
Statistical analyses were performed using SPSS version 22. Passing-Bablok
regression analysis and Bland-Altman plots were created in order to evaluate the degree of
agreement between (1) different types of assays and (2) between fresh and stored samples for
the measurement of the specific inflammatory biomarkers.

Results
Of the 240 participants, 137 (57%) were males. Mean (± SD) age was 60 ± 11 years,
and mean body mass index was 27.9 ± 3.8 kg/m2. The samples were obtained from equal
numbers of healthy individuals, individuals with type 2 diabetes mellitus, and individuals
who had previously suffered from a cardiovascular event.
Measurement of hsCRP with nephelometry in 4-year old stored samples yielded
identical results as was obtained when these samples (n=116) were measured at the day of
blood drawing (Figure 1 and Supplementary Figure 1). For comparison of nephelometry and
ELISA (R&D), 200 of the 240 samples were available for analysis; 3 samples were below the
detection limit of the ELISA, while 37 samples were above the detection limit. These samples
were not re-measured in dilution due to insufficient sample material. Measurement of hsCRP
by ELISA yielded different results compared to the Gold Standard method nephelometry
(Figures 2 and Supplementary Figure 2). Specifically, hsCRP concentrations measured by
ELISA tended to be lower than concentrations measured with nephelometry.

For hsIL6, there were significant differences in the results, as well as differences
regarding the detection limit. The R&D ELISA yielded similar results in both laboratories
(location A and C) except for some outliers (Figure 3 ). There was a linear relationship
between the Bender MedSystems (location B) and R&D ELISA (location C), but with
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statistically significant higher levels measured by the R&D assay (Figure 4 and
Supplementary Figure 3). This was similar for sample stored up to 2 years, vs. samples stored
for more than 4 years. It was observed that 38 samples were below the limit of detection of
the R&D ELISA used at location A whereas at location C, using the same ELISA, we found
2 samples with concentrations above 5 ng/l. With the Bender MedSystems ELISA used at
location B, two samples could not be measured due to insufficient sample material, while
three samples were below the detection limit of the assay.
The results for the measurement of hsTNFα samples are shown in Figure 5. At
location C, where the R&D ELISA assay was used, one serum sample concentration was
higher than 16 ng/l, while location A -using the same assay- reported that 7 samples were
below the detection limit. One serum sample yielded results above the detection limit.
Unfortunately, 177 samples were lost for evaluation due to a technical error (Location A).
Hence, only 55 samples could be compared with the results in location C (Figure 5). These
figures show that there was reasonable agreement between the two locations (both using the
R&D ELISA) although there were a few outliers. To assess any influence of storage time on
measurement of TNFa samples, we were only able to examine samples which had been
stored for more than 4 years. Location B used the IBL ELISA and reported that the majority
of measurements were below the detection limit of 0.13 ng/l; only 18 samples yielded
feasible and measurable results. Therefore, comparison of the IBL and R&D ELISA (Figure
6) demonstrated poor agreement between the assays.
For confirmation and replication, we performed an additional evaluation of assays for
the measurement of hsTNFα and hsIL6 in stored samples obtained from a population of 80
obese individuals (50% males) participating in a weight-reduction program.
Their mean age was 52 ± 12 years, BMI 38.0 ± 6.2 kg/m2. Their samples had been
stored at -80 oC for an average period of 4 - 7 years. An excellent correlation between the
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hsIL6 results using either R&D ELISA and Bender MedSystems ELISA was observed
(Figure 7), which was significantly better than the results depicted in Figure 4. Regarding the
hsTNFα measurements, the IBL ELISA yielded very poor results compared to the results
from the R&D ELISA: 66 out of 80 samples yielded results below the detection limit as set
by the manufacturer (Figure 8) and thereby confirmed the former findings with this assay.

Discussion
In the present study we compared different assays for measurement of the
inflammatory biomarkers hsCRP, hsIL6 and hsTNFα, and assessed the effect of storage time
on the reproducibility of the measurement of hsCRP. Our data showed that short- to mediumterm storage (less than 2 years, more than 4 years) did not influence the plasma levels of
hsCRP and hsIL6 measured with nephelometry and with ELISA, respectively. However,
there were small differences between two hsIL6 ELISA methods. With the hsTNFα ELISA
of IBL, the majority of samples remained below the detection limit of the assay, whereas the
R&D ELISA yielded stable and reproducible results.
hsCRP is frequently measured in clinical and epidemiological studies. We observed
only a moderate agreement between results of nephelometry and ELISA. Similar findings
have been reported in a study by López-Campos et al. 16. They reported higher serum hsCRP
concentrations when measured by nephelometry compared to measurement by ELISA.
We observed similar results by the ELISA method clearly showing an upper limit of
detection. For hsCRP concentrations above 25 mg/l, a sample needs to be diluted and reanalyzed, which is not the case with nephelometry. Nevertheless, our studies in stored
samples indicated excellent sample stability after > 4 years of storage at -80 oC. Other studies
regarding long-term storage of hsCRP have reported contradictory results 14.
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Doumatey et al showed that serum hsCRP concentrations remained stable with storage for up
to 11 years at -80 °C 14. This was in contrast to a study from Japan reporting that hsCRP
levels increased in samples stored at -80 °C for 13.8 years 15.
Measurement of hsIL6 with the same R&D ELISA method in different laboratories
showed good agreement. However, the fact that 38 samples gave results below the detection
limit in one laboratory should be taken into account. In addition, no influence of storage time
on the measurement of IL6 samples was observed when samples were stored between 2 and 4
years at - 80 oC, although it should be noted that we have no data on fresh measurements or
samples stored for less than 2 years. There is remarkable little information on studies
investigating different assays or the influence of storage time on measurement of IL6. A
recent study by Hardikar et al. showed moderate stability of IL6 in samples that were stored
at - 80 oC for less than 13 years 19.
A previous study examining the influence of short-term storage of several biomarkers
showed excellent stability for TNFα in samples stored at - 80 oC for 90 days 20. Although this
is encouraging, the relevance of these data for biobanking, where samples have been or will
be stored for many years, is limited. As was the case for hsIL6, between-laboratory variation
of the R&D ELISA was very small. When biomarker measurements are performed in stored
serum or plasma samples of biobanks, the amount of sample needed for a specific
measurement is of great importance. This was the main reason why we chose the Bender
MedSystems hsIL6 assay and the IBL hsTNFα assay for our comparison studies, as both
assays required only 50 l of sample. In contrast, the R&D assays required 100 l and 200
l, respectively. A head-to-head comparison between the Bender MedSystems and the R&D
ELISA demonstrated reasonable agreement, although the Bender MedSystems assay gave
significantly lower plasma levels of hsIL6. However, we were very surprised to observe that
the IBL assay for measurement of TNFα was not suited for the measurement of plasma
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samples because of problems with the limit of detection. The majority of concentrations were
below the detection limit of the assay, despite meticulously following the specific
instructions. Our replication study confirmed that this was not an incidental finding. Despite
the low amount of sample needed, we can currently not recommend the use of this specific
assay.
Our results show that when designing a study, it is advisable to thoroughly test all
assays needed for the study before measuring samples obtained from long-term storage in
biobanks. In addition, the traceability of its standardization is also very important. These
samples are usually ‘expensive’ samples, with limited amounts of sample material available
in storage. For testing purposes, we therefore recommend use of sample material obtained in
daily practice, samples obtained from (paid) volunteers, or anonymized left-over material
from a laboratory or blood bank facility.
In summary, plasma samples stored over a period of 2-4 years at -80 oC showed good
stability for measurements of inflammatory biomarkers. Even when the same ELISA method
was used, there were small variations in results reported by different laboratories. Although it
appears attractive to utilize assays which need only small amounts of sample, such assays
should be rigorously tested before large sample sets are measured.
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Table 1. Sample analysis scheme for the inflammatory cytokines

hsCRP

LifeLines

Location A

Location B

Location C

Fresh

ELISA R&D

N.A.

Nephelometry

200 of 240
hsIL6

hsTNFα

N.A.

N.A.

116 of 240

ELISA R&D

ELISA Bender MedSystems

ELISA R&D

200 of 240

233 of 240

238 of 240

ELISA R&D

ELISA IBL

ELISA R&D

54 of 240

18 of 240

239 of 240

* Location B: hsCRP measurement was not performed due to limited amount of sample (0.9 ml) available for this study
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Table 2. Assay overview for different inflammatory cytokines

ELISA

Producer

Cytokine

Standardization

Min. detection limit

Lowest vs. highest standard

R&D systems

hsCRP

NIBSC 85/506

0.010 mg/L

0.78-50 mg/L

hsIL6

NIBSC 89/548

0.039 ng/L

0.156-10 ng/L

hsTNFα

NIBSC 88/786

0.106 ng/L

0.5-32.0 ng/L

ELISA

Bender MedSystems

hsIL6

NIBSC 89/548

0.030 ng/L

0.08-5.0 ng/L

ELISA

IBL International

hsTNFα

NIBSC 87/650

0.13 ng/L

0.31-20.00 ng/L

hsCRP

CRM 470

0.175 mg/L

0.175-11.00 mg/L

Nephelometry Siemens Healthcare
Diagnostics
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hsCRP on stored sample (mg/l)

30
25
20
15
10
5
0
0

5

10

15

20

25

30

hsCRP fresh measurement (mg/l)

Figure 1. Passing - Bablok analysis of measurement of hsCRP with nephelometry in 4-years
stored samples compared to the results obtained in fresh samples, measured on the same day
as the blood was drawn.
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12

hsCRP ELISA (mg/l)

10
8
6
4
2
0
0

2

4

6

8

10

12

hsCRP nephelometry (mg/l)

Figure 2. Passing Bablok regression and the corresponding regression characteristics for
hsCRP measured with nephelometry (location C) versus R&D ELISA (location A).
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IL6 R&D Location A (ng/L)

10.0
8.0
6.0
4.0
2.0
0.0
0.0

2.0

4.0

6.0

8.0

10.0

IL6 R&D Location C (ng/L)

Figure 3. Passing-Bablok regression for IL6 (in ng/L) with R&D ELISA assay on location C
versus location A.
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IL6 Bender Location B (ng/L)

10.0
8.0
6.0
4.0
2.0
0.0
0.0

2.0

4.0

6.0

8.0

10.0

IL6 R&D Location C (ng/L)

Figure 4. Passing-Bablok regression for IL6 (in ng/l) measured with R&D ELISA assay in
location C and Bender MedSystems in location B.
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TNFa R&D Location A

10.0
8.0
6.0
4.0
2.0
0.0
0.0

2.0

4.0

6.0

8.0

10.0

TNFa R&D Location C

Figure 5. Passing-Bablok regression for TNFa measured with R&D ELISA assay both on
location C and location A. Only n=54 samples available for comparison (for explanation see
text).
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Figure 6. Passing-Bablok regression for TNFa (in ng/l) measured with R&D ELISA assay in
Location C and IBL ELISA in location B. Only 18 samples available for comparison, all
other samples yielded results with the IBL assay which were below the detection limit.
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Figure 7. Passing Bablok regression for IL6 (in ng/L) with R&D ELISA versus Bender
MedSystems ELISA in 80 obese participants in a weight-reduction program
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Figure 8. Measurement of TNFα (in ng/L) with R&D ELISA versus IBL ELISA in 80 obese
participants in a weight-reduction program

(hsCRP fresh - hsCRP stored) / hsCRP fresh %
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Supplementary Figure 1. Bland-Altman plot of measurement of hsCRP with nephelometry in
the 4-years stored samples compared to the results obtained in fresh samples.

(hsCRP nephelometry - hsCRP ELISA) / hsCRP nephelometry %
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Supplementary Figure 2. Bland-Altman plot for hsCRP measured with nephelometry
(location C) versus R&D ELISA (location A).
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Supplementary Figure 3. Bland-Altman plot for IL6 measured with R&D ELISA assay in
location C and Bender MedSystems in location B.
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