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Background: C-reactive protein (CRP) is an established serum biomarker for
different pathologies such as tissue injury and inflammatory events. One rising
area of interest is the incorporation of low concentrations of CRP, so called
high-sensitive (hs-) CRP, in the risk assessment and treatment monitoring of
cardiovascular diseases (CVDs). Many research projects and the resulting meta-
analyses have reported controversial results for the use of hs-CRP, especially
in the risk assessment of CVDs. However, since these analyses used different
assays to detect hs-CRP, it is important to assess the current level of assay
harmonization.

Methods: This paper analyzes data from 17 external quality assessment (EQA)
surveys for hs-CRP conducted worldwide between 2018 and 2023. Each EQA
survey consisted of two blinded samples. In 2020 the sample material changed
from pooled serum to single-donor samples. The aim was to assess the current
status of assay harmonization by a manufacturer-based approach, taking into
consideration the clinical decision limits for hs-CRP risk-stratification of CVDs
as well as the scatter of results.

Results: Our analyses show that harmonization has increased in recent
years from median differences of up to 50% to below 20%, with one
exception that showed an increasing bias throughout the observed
period. After changing sample materials from pools to single-donor
samples, the coefficient of variation decreased to below 10% with one
exception. Nevertheless, even these differences in the clinical setting
could lead to disparate classification of patients depending on the
assay used.

Conclusion: While there was a positive trend towards harmonization, meta-
analysis of different risk-score publications should stratify their analysis by assay
to account for the manufacturer-specific differences observed in this paper.
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Furthermore, assays are currently traceable to different international standard
preparations, which might have a negative impact on future harmonization.
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1 Introduction

C-reactive protein (CRP) is an acute-phase protein that is
predominantly produced in hepatocytes in response to tissue injury,
inflammatory events, acute infection and advanced age (Povoa et al.,
1998; Pévoa, 2002; Pepys and Hirschfield, 2003; Lobo, 2012). After
more and more evidence emerged, that cardiovascular diseases
(CVDs) such as ischemic stroke and acute myocardial infarction
are related to inflammation (Libby et al., 2002), moderately elevated
levels of CRP, so called high-sensitive CRP (hs-CRP), gained interest
as a potential new biomarker for these diseases. This need was
further highlighted by the fact that CVDs account for 17.9 million
deaths annually (WHO, 2023). In Germany, they show a rising
prevalence (Heidemann et al., 2021) and cost the German healthcare
system €56.4 billion, around 13.1% of all German healthcare
costs (Statistisches Bundesamt, 2022). Internationally, CVDs are
estimated to have cost €282 billion in 2021in the European Union
(European Society of Cardiology, 2023), and $219 billion (~€185
billion) in the United States (CDC, 2021). A systematic review of
49 cost-effectiveness studies concluded that early CVD detection
and treatment was predominately cost-effective from a healthcare
perspective, but it was also noted a lack of standardization in the
included studies (Oude Wolcherink et al., 2023). Nevertheless, high
hopes were placed on new markers, that allow an early detection
of CVD-risk.

While hs-CRP is commonly used in clinical practice as an
inflammatory marker in CVD risk assessments (Musunuru et al.,
2008; Romero-Cabrera et al., 2022), its actual clinical significance
remains controversial. Several meta-analyses show a positive
effect of using hs-CRP to detect CVDs (Lietal., 2017; Romero-
Cabrera et al., 2022). Further studies support a beneficial outcome
for incidences of CVD events when hs-CRP is included in
treatment decisions for CVDs (Ridker et al., 2008; Ridker et al.,
2017). However, other authors found no or only marginal evidence
for an improvement of hs-CRP-supported CVD risk stratification
using scoring systems (Shah et al., 2009) and a low predictive utility
of hs-CRP (Ahmad etal., 2024). A systematic review by the U.S.
Preventive Services Task Force concluded that, based on the studies
it reviewed, incorporating hs-CRP in risk stratification would lead to
more misclassified individuals and thus overtreatment. It concluded
that there is a lack of significantly conclusive clinical trials that
evaluate the incremental effect of hs-CRP and other cardiovascular
markers for the initiation of preventive therapy (Lin et al., 2018).
Due to the inconclusive results, several international clinical
guidelines are currently advising against incorporating hs-CRP in
the corresponding risk-assessment algorithms (Piepoli et al., 2016;
Deutsche Gesellschaft fiir Allgemeinmedizin und Familienmedizin
e.V,, 2017; Visseren et al., 2022; Australian Chronic Disease
Prevention Alliance, 2023).
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One interesting factor that arises is that meta-analyses, like the
one performed by Li et al., aggregate data from various publications
in which hs-CRP results were obtained using different assays. It is
therefore important that the analytical performance of these various
diagnostic tests be reliable and, ideally, harmonized regardless of
the measurement procedure used. This would allow a more efficient
comparison of the results of different CVD studies with respect
to the diagnostic properties of hs-CRP. Even though a certified
reference material for CRP exists (Charoud-Got et al., 2009), several
studies have reported manufacturer-dependent differences for (hs-)
CRP detection in serum (Robertsetal., 2000; Robertsetal.,
2001; Thanabalasingham etal., 2011; Wojtalewicz etal., 2019;
Stevenson et al., 2023).

This study examines the status of current assay-harmonization
for hs-CRP based on the longitudinal manufacturer-dependent
differences observed in EQA surveys conducted by INSTAND e.V.
- Society for Promoting Quality Assurance in Medical Laboratories
e.V. between 2018 and 2023.

2 Materials and methods

2.1 Sample materials—properties and
preparation

From January 2018 until July 2020, commercially pooled serum
samples of 1 mL were used. Starting in September 2020, the material
was changed to 0.3 mL samples, mostly from individual blood
donors. No stabilizing additives were added (Miller et al., 2009).
This study was conducted in accordance with the Statement of the
Central Ethics Commission of Germany on the use of human body
materials for medical research purposes (no. 20/02/2003; https://
www.zentrale-ethikkommission.de). The donor’s informed written
consent is available for the single donor samples of the project.
A positive vote from the ethics committee of Goethe University
Frankfurt (Main) has been obtained for samples from voluntary
blood donors.

All samples (pools and individual donors) tested negative for HIV,
HBYV, and HCV. Homogeneity of each sample batch was tested in line
with DIN EN ISO/IEC 17043:2023 before the samples were used in the
corresponding EQA (International Organization for Standardization
[1SO], 2023).

2.2 EQA procedure

The INSTAND EQA scheme for the detection of hs-CRP in
serum is offered globally six times a year. It was established due
to the rising demand of the marker in routine diagnostics. The
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EQA scheme is only mandatory in Germany, if hs-CRP is part of a
laboratory’s accreditation. For each survey, two blinded samples with
different concentrations are sent to the participating laboratories.
One sample has hs-CRP levels of around 1 mg/L (low risk) and
one of around 2 mg/L (medium risk). Participants are asked to
analyze the samples like normal patient samples and to report their
quantitative results for hs-CRP to INSTAND’s web-based RV-Online
platform (http://rv-online.instandev.de) together with information
on the respective device, reagent, and method used.

As no reference measurement procedure is currently available,
the consensus value of manufacturer-specific collectives, calculated
using algorithm A {[International Organization for Standardization
(ISO), 2023] Section C3}, serves as the target value for the evaluation
of participant results and for laboratory certification. The criterion
for passing the EQA was +30% around the consensus value.

2.3 Data analysis and statistics

Passing rates and participant numbers were evaluated
for all EQA surveys conducted between 2018 and 2023
(Supplementary Table S1). Due to the large number of EQA
surveys, only the data obtained from the three annual EQAs
with the largest number of participants (January, May, and
October of each year) were evaluated. This resulted in 17
EQA  surveys The participating
laboratories reported a total of 3,668 results. Results from individual

(Supplementary Table S2).

participants that involved sample swaps or reporting errors were
excluded from the analysis. This applied to a total of 11 datasets.

The EQA data were analyzed in a manufacturer-dependent
manner. Eight manufacturer collectives (number of participants >8 in
atleast half of the surveys) were included in the analysis: Abbott (AB),
Beckman Coulter (BE), Beckman Coulter-Olympus (OL), Siemens
Healthineers (SI), Siemens-Dade Behring (BW), Siemens-Bayer
Health (BG), Siemens-DPC Biermann (DG), and Roche Diagnostics
(RO). The distributions of results are shown as box plot diagrams over
time. For all boxes, the box covers the 25th percentile, the median and
the 75th percentile while the whiskers stretch from the 1st quartile
-1.5 * (interquartile range) to the 3rd quartile +1.5 * (interquartile
range). The BE collective comprised two manufacturer sub-collectives
(BE, OL). Therefore, they were highlighted with the same color but
different filling color, since we observed multimodality in several EQA
surveys. The same applies to the four manufacturer sub-collectives
consolidated under SI (SI, BW, BG, and DG). Detailed information
about the (sub)-collectives can be found in Supplementary Table S2.
As the clinical decision limits in the literature differed greatly,
the decision limits from the Clinical Laboratory Diagnostics
Series by Thomas (2023), which are identical with the limits
proposed by the U.S. Preventive Services Task Force (2009), were used
for this evaluation. These limits are defined as low risk for CVD (below
1 mg/L), medium risk (1-3 mg/L), and high risk (3 mg/L).

The coefficients of variation (CVs) were calculated to quantify
the scatter within the manufacturer collectives. Manufacturer-
dependent values that scattered further than 1.5 times the
inter-quartile range, the width between the 25th and 75th
percentiles, were defined as outliers and excluded before the
CVs were calculated. These data points are marked in orange in
the raw data (Supplementary Table S2).
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Harmonization of the different collectives was assessed though
a longitudinal comparison of differences in median values.

Basic statistical analyses were performed using jmp 17.2.0
from SAS Institute (Cary, NC, United States). The overlay
images were generated using version 2.10.8 of the Gnu image
manipulation software.

3 Results

During the observed period, the number of annual participants
per survey remained constant with more than 100 laboratories
participating in the surveys in January, May, and October and
between 56 and 81 laboratories in March, July, and September
(Figure 1A). Depending on the survey, between 71% and 89% of
participating laboratories were from Germany, between 4% and
23% from other EU countries and 4% to 13% from non-EU
countries (Supplementary Table S1).

The passing rate for each EQA survey fluctuated between 78%
and 88% from 2018 to May 2020 and rose to over 90% starting in
September 2020 (Figure 1B).

The distribution of the EQA results for hs-CRP showed
manufacturer-dependent differences particularly for the DG
collective, which tended to show notably higher results than
the other collectives especially, but not exclusively, in the higher
concentration samples (Figure 2B). In EQA samples with hs-
CRP levels around the known clinical decision limits of 1 mg/L
and 2 mg/L, respectively, single manufacturer collectives stayed
below and/or above this decision limit. For example, for the low
concentration samples used in October 2023, DG and OL mostly
detected values above 1 mg/L, while SI, BW, and BG detected values
clearly below 1 mg/L (Figure 2A). In other cases, the scatter of results
of single collectives was large enough to span a clinical decision limit,
e.g., for AB in the low concentration samples in 2018 and in January
and May 2020, and for DG in the high concentration samples sent
out in October 2020 as well as in May and October 2021 (Figure 2).

When relative median values are compared, the DG collective
had the highest median values of all observed collectives (Figure 3).
Interestingly, the differences seem to increase over the observed
period, especially for the higher concentration sample. Here the
relative difference was over 30% in comparison to all other
collectives of the SI group (Figure 3B). While BW and SI also
tended to have slightly higher values, this changed in October
2020 when these groups showed lower results than the other
manufacturers. At the same time, BG displayed a negative bias
down to —35% for the low concentration sample, which was then
reduced to the same bias as SI and BW. In general, the relative
median values were up to 50% in 2018 and started to be much better
aligned in October 2020, essentially only 20% apart, except for the
DG collective.

A closer look at the scatter of results shows that many
manufacturer collectives had CVs of around 50% and higher for
occasional samples [e.g., BG, AB, and RO in January 2018 for
the high concentration sample (Figure 4B)]. Beginning in October
2020, the CV of most collectives stayed below 10%, except for
DG, which exhibited CVs of over 30% in May and October 2022
for both samples and around 50% in May 2023 for the high
concentration sample (Figure 4).
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4 Discussion

The significance of the serum-marker CRP has increased in
recent decades. While concentrations >5 mg/L are a marker for
tissue injury, inflammatory events and acute infection (Povoa et al.,
1998; Pdvoa, 2002; Pepys and Hirschfield, 2003; Lobo, 2012),
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continuous moderately elevated concentrations around and above
2-3mg/L, so called hs-CRP, have been identified as a possible
risk factor for CVDs (U.S. Preventive Services Task Force, 2009;
Zhang etal., 2021; Lee and Lee, 2023). This paper assessed the
current quality of hs-CRP detection based on EQA data from
2018 to 2023.
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Analysis of manufacturer-dependent differences for the detection of hs-CRP in serum from 2018 to 2023 for the low concentration (A) and high
concentration sample (B). The grey boxes display all results for the respective sample, and the distributions of specific manufacturer-based collectives
are illustrated as smaller, colored box plots in overlay with the total results. For all boxes, the whiskers stretch from the 1st quartile - 1.5 « (interquartile
range) to the 3rd quartile + 1.5 « (interquartile range). OL is a sub-collective of BE, and BW, BG and DG are sub-collectives of SI, hence the the same
outline but different filling. All results below 1 mg/L are considered “low risk for cardiovascular disease” (green area). Results between 1 mg/L and

3 mg/L are considered "medium risk for cardiovascular disease” (orange area) and results above 3 mg/L as "high risk for cardiovascular disease”

(red area) (Thomas, 2023).
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Manufacturer-dependent differences as well as the scatter of
results were found to decrease slightly after October 2020, when the
sample material was changed from a serum pool to sera obtained
from individual donors. One exception was the DG collective, whose
median values increased in comparison to the other collectives,
especially for the high concentration samples (Figure 3B). While
the median values of the other collectives decreased from over
50% to only 20%, the DG collective exceeded the median of other
manufacturer collectives by up to 35% in May 2023 (Figure 3).
Promising trends were observed for the scatter of results, as the
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CVs of most manufacturer collectives, apart from the DG collective,
stayed below 10% (Figure 4).

Our results correspond to those of several research groups
that have reported similar differences between various assays.
Thanabalasingham et al. (2011) observed differences between three
assays from SI, labeling them methods one, two, and three. The assay
from method one was used by this paper’s BG collective and the
assay from method three by the BW collective. They observed higher
results for the BG assay for hs-CRP concentrations >1 mg/L and
higher results for the BW assay for hs-CRP concentrations below
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FIGURE 3
Analysis of manufacturer-dependent differences in median values for the detection of hs-CRP in serum from 2018 to 2023 for the low concentration

(A) and high concentration sample (B). All median values are normalized to the total median of the corresponding EQA scheme. OL is a sub-collective
of BE, and BW, BG and DG are sub-collectives of SI, hence the same colors but different pattern.

this threshold. The data from the INSTAND EQA schemes showed  These differences have nearly vanished since October 2021 and now
that in 2018 the BW collective had up to 50% higher hs-CRP median  these two collectives align quite well (Figure 3), possibly due to a
values than the BG collective, regardless of sample concentration.  re-calibration of the tests.
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FIGURE 4
Analysis of manufacturer-dependent differences in CV for the detection of hs-CRP in serum from 2018 to 2023 for the low concentration (A) and high
concentration sample (B). OL is a sub-collective of BE, and BW, BG and DG are sub-collectives of SI, hence the same colors but different pattern.

For the collectives BE and OL, the manufacturer-dependent An older paper by Roberts et al. reported that the assays from
differences in median values observed in January 2018  AB and BE showed higher results in serum pools with more
decreased over time and nearly vanished from October  than 2 mg/L CRP than the test systems from BW (Roberts et al,
2020 onwards (Figure 3). 2000). In a follow-up study, the test systems from RO and OL
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showed comparable or slightly higher values than the system from
BW (Roberts et al., 2001). Data from the EQA surveys showed
that, while the difference between AB, BW, and OL had nearly
vanished in the last 2 years, RO still had slightly higher median
values than BW (Figure 3).

The positive trend in the harmonization between the hs-CRP
assay manufacturers analyzed in this study began appearing in
2019-2020. At that time, the relative median values started to align
until the observed differences were below 20% for the highest and
lowest collectives, with the exception of the DG collective. Since the
trend started before INSTAND changed the sample material from
serum pools to single-donor samples, an influence of pooled samples
on the median comparison is unlikely. Nevertheless, the change in
sample material could have had an influence on the scatter results
since, strikingly, the CVs stayed below 10% more often after the
change in sample material (Figure 4). The occasional outliers in CV
could be due to small sample sizes, e.g., the DG collective showed
the highest CVs in 2022 and 2023 when fewer than ten laboratories
participated in each EQA survey (Supplementary Table 52).

Another reason for the good harmonization observed in this
paper is the presence of a certified reference material for hs-CRP:
ERM DA474/IFCC. The CRP value for this standard was assigned
using ERM-DA470 as a calibrant, which is traceable to the WHO
International Standard 85/506 (Hanisch et al., 2011). The follow-up
standard for ERM-DA470, ERM-DA470k/IFCC, was unsuitable for
the certification of CRP due to a roughly 20% loss of CRP in the
lyophilized standard preparation when compared to frozen material,
as measured by routine immunoassays (Zegers et al., 2010).

Interestingly, SI reassigned calibrator lots for their Advia (BG
collective) and Atellica (SI collective) hs-CRP assays from ERM-
DA470 to ERM DA474/IFCC as they observed a positive bias of
approximately 15% for patient samples and quality control material
when compared to ERM DA474/IFCC (Siemens Healthineers,
2020a; Siemens Healthineers, 2020b). In the meantime, several
RO hs-CRP assays still state their traceability to the ERM-DA470
standard preparation (Roche Diagnostics GmbH, 2023a; Roche
Diagnostics GmbH, 2023b).

These differences in the traceability of calibrators could be one
factor in why the BW and the SI collectives showed such a clear
drop in relative median results around May and October 2020. While
the SI collective rose once again for a short time, both collectives
showed almost identical results beginning in October 2021. The
RO collective exhibited relative median values that were around
10% higher than those of BW and SI starting in October 2021,
but they aligned well in May 2023 for the higher concentration
sample (see Figure 3).

Systems from BW [e.g, (deLemosetal, 2017; Tunstall-
Pedoe et al., 2017; Khera et al., 2018; Lee et al., 2018; Zhang et al.,
2021)] and RO [e.g., (Petersson etal.,, 2009; Eugen-Olsen et al.,
2010)] were most frequently deployed in several meta-analyses.
The observed differences in the INSTAND EQA surveys clearly
show that the observed assay variability could have a significant
impact on the “real-life” CVD risk classification for patients,
despite the relatively good harmonization (Figure 2). For example,
for the high concentration samples analyzed in May and
October 2022 (Figure 2B), 75% of laboratories using BW reported
results of <2 mg/L, while over 75% of RO laboratories reported
results of >2 mg/L for the same patient. Therefore, meta-analyses
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that compile data from different clinical studies should not only be
stratified by study population and research question, but also by
hs-CRP assay to ensure valid data aggregation and interpretation.

One limitation of this study is that it is not possible to assess
whether the changes in median results, especially in the sub-
collectives of SI, are due to the recalibration of their calibrators or
due to the change in sample material from serum pools to single-
donor samples. But since a positive trend for harmonization was
observed before the change in sample material, it is unlikely that
the effect is solely based on that switch. Furthermore, some of the
collectives were quite small, which could bias the CV calculation.

The results from this analysis clearly show the high importance
of a well-tailored diagnosis and treatment policy in CVD patients.
However, while huge efforts have been made to raise the level
of assay harmonization for this marker to the current level, new
complications appear on the horizon. At a recent JCTLM workshop,
data were presented on newly developed primary pure candidate
substances and secondary certified reference materials (CRMs).
Furthermore, new reference measurement procedures indicate that
clinical samples measured with procedures that are calibrated with
the CRMs mentioned might clearly differ from results measured
by the immunoassays currently calibrated to the existing standard
materials. However, the possible influence of such new CRMs or
RMPs of higher order on the measurement of CRP and hs-CRP still
requires further assessment (Miller et al., 2023).

5 Conclusion

While the harmonization of hs-CRP assays is quite good, the
observed bias in the EQA surveys could still lead to a clinical
misclassification in the case of risk stratification for CVDs under
real life conditions. Although our data do not provide any insight
on the dimension of this risk, it is clear that hs-CRP should not
be used as a single marker for risk stratification and longitudinal
measurements of the same patient and should always be done in the
same device. For a better future harmonization, new developments
in reference materials and reference measurement procedures for
CRP and hs-CRP need to be carefully observed. Especially without a
proper reference measurement procedure it is currently impossible
to give any recommendations for or against an assay for the detection
of hs-CRP as well as its use in a CVD risk score. But meta-analysis
of different risk-score publications should stratify their analysis by
assay to account for the observed manufacturer-specific differences
observed in this paper.
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