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A B S T R A C T   

C-reactive protein (CRP) is an established acute-phase marker for infection, inflammation and 
tissue injury, used to guide clinical decision-making in primary and secondary care. This study 
compared the analytical performance of the quantitative microfluidic point-of-care LumiraDx 
CRP Test to a laboratory-based reference method (Siemens RCRP Flex assay on the Dimension® 
Xpand®) and evaluated equivalence of sample matrices (blood versus plasma) in point-of-care 
settings using samples from patients presenting with symptoms of infection or inflammation. 
The LumiraDx CRP Test demonstrated close agreement with the lab reference test (range, 5.1 to 
245.2 mg/L, r = 0.992, slope = 0.998, intercept = –0.476; n = 205) and notable agreement 
between fingerstick and venous blood and plasma (r = 0.974–0.983; n = 44). Paired replicate 
precision had mean coefficients of variation of 6.4 % (plasma), 6.6 % (capillary direct) and 8.1 % 
(venous blood); overall error rates were 2.9 %. The quantitative LumiraDx CRP Test showed 
robust analytical performance across sample matrices and close agreement compared to the 
laboratory reference method when used at the point of care.   

1. Introduction 

C-reactive protein (CRP) is an established clinical marker; its concentration in the circulation rises in response to infection and non- 
infectious inflammation, following increased secretion of inflammatory cytokines, particularly interleukin 6, by macrophages and T 
cells [1]. Conditions that affect CRP levels include rheumatoid arthritis, several cardiovascular diseases and infection [1,2]. The 
average level of CRP in the serum of a healthy Caucasian individual is approximately 0.8 mg/L [1,3], and it is generally accepted that 
levels greater than 10 mg/L indicate inflammation or infection; marked elevation of more than 100 mg/L can signify acute bacterial 
and/or viral infection or major trauma [4]. In the emergency department, CRP is measured in patients presenting with a variety of 
symptoms to aid detection and evaluation of infection, tissue injury or inflammatory disorders [5], and to guide antibiotic treatment 
decisions and therapy adjustment [5–8]. In primary care, point-of-care (POC) CRP analysis is recommended when diagnosis is un
certain in suspected pneumonia (lower respiratory infections), where a low level of CRP (<5 mg/L) indicates that antibiotic therapy 
should be withheld as the infection is likely of a viral or a bacterial self-limiting nature [7,9,10]. Obtaining quantitative CRP results 
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quickly from fingerstick blood samples is an important clinical innovation that can lead to pathway improvements. It is therefore 
important that POC CRP tests are robustly evaluated to ensure results are aligned with those from the central laboratory. 

This study aimed to assess the analytical performance of the LumiraDx CRP Test, a microfluidic immunoassay for use in POC 
settings, when compared to a reference method, in patients with symptoms of infection, tissue injury or inflammatory disorders. 

2. Methods 

To evaluate the accuracy of the LumiraDx CRP Test, a comparison was made against a reference assay (Siemens RCRP Flex assay on 
the Dimension® Xpand®) using samples from the NOVEL prospective study, which enrolled patients (≥18 years) with symptoms of 
infection, tissue injury or inflammatory disorders. Lithium heparin-anticoagulated whole blood samples were processed to plasma for 
duplicate testing using the LumiraDx CRP Test and the reference test. The NOVEL study complied with the Declaration of Helsinki 
(2013) and was approved by the West of Scotland Research Ethics Committee 3 (REC number 15/WS/0176; System ID: 179093). 

The precision and matrix equivalence of the LumiraDx CRP Test device was evaluated in patients (>=18 years) presenting with 
symptoms of infection, tissue injury or inflammatory disorders (REACT study [NCT05180110]). Venous blood (VB) was collected from 
each participant and tested immediately using the LumiraDx CRP Test; the remainder of the sample was processed to plasma, frozen 
and tested at the sponsor site (LumiraDx UK Ltd, Stirling, UK). Capillary blood samples were analysed at the point of care according to 
instructions [11]; two fingerstick samples (20 μL each) were applied via direct application (DA), and two fingerstick samples (20 μL 
each) applied to the test strip using a transfer tube (TT). The mean paired replicate precision of the POC CRP assay was also evaluated 
in this study; data were presented as the mean percentage of the coefficient of variation (%CV). The REACT study received approval 
from the South-East Scotland Research Ethics Committee (REC 19/SS/0115) and the Health Research Authority. The study protocol 
(REC 19/SS/0115) complied with the Declaration of Helsinki (2013). 

Written informed consent from all participants of both studies was obtained prior to enrolment. The number and type of error codes 
observed with the LumiraDx test device were recorded for both studies. The haematocrit (HCT) range for the LumiraDx CRP Test 
device was 25–55 %. Samples with HCT outside this range were listed as an error and included in error rate analysis. Required sample 
sizes were determined to align with Clinical and Laboratory Standards Institute guidelines [10,12]. To assess method equivalency, a 
Passing–Bablok regression analysis was performed with pre-specified criteria of r≥0.95 and a slope of 0.95–1.05. Matrix equivalency 
of different testing modalities was assessed using Passing–Bablok regression, with the mean of two replicates analysed across all 
measured sample types (DA, TT, VB and plasma). To demonstrate equivalence of methods, all confidence intervals of the slope must 
contain 1.0 [13]. The overall study error rate was calculated by analysing all the raw data collected as part of both studies. 

3. Results 

3.1. Method comparison analysis 

A total of 205 VB samples from the NOVEL study were collected from 129 participants, age ranging from 20 to 96 years (median 58; 
mean 54), 48 % of whom were female. Plasma samples across the CRP measuring range of 5.1–245.5 mg/L were included and two test 
strip lots used on the LumiraDx CRP Test. Data analysis demonstrated close agreement of the LumiraDx CRP Test with the laboratory- 
based reference method, meeting the pre-specified performance criteria (r≥95 and a slope of 0.95–1.05) with r = 0.992, a slope of 
0.998, and an intercept of –0.476. The Passing– Bablok analysis showed the requirement of r ≥0.95 was met (Table 1; Fig. 1). 

3.2. Paired replicate precision and matrix equivalency 

Paired replicate precision and matrix equivalency analysis was conducted by POC operators on 44 participants with complete 
sample sets, where fingerstick blood (DA and TT), VB and plasma results were compared in duplicate. The age range of participants was 
from 18 to 84 years (median 55; mean 54) and 63 % were female. Paired replicate precision was assessed across a CRP measuring range 
of 19.9–185.4 mg/L for each sample type. The mean %CV for the three sample types was 6.4 for plasma, 6.6 for capillary DA, 7.6 for 
capillary blood TT and 8.1 for VB. Matrix equivalency analysis for the different test modalities using Passing–Bablok regression 
resulted in r values of 0.97–0.98 across all sample types, demonstrating matrix equivalency for all pairs (Table 2; Fig. 2). 

Table 1 
The Passing–Bablok regression results displayed as LumiraDx CRP plasma test results versus Siemens RCRP Dimension® Xpand® Plus Integrated 
Chemistry System plasma test results.  

Strip lot N CRP range (mg/L) Slope Intercept r2 r 

All lots 205 5.1–245.2 0.998 –0.476 0.984 0.992 
1 102 5.1–226.4 0.980 –0.067 0.980 0.990 
2 103 5.1–245.2 1.008 –0.717 0.988 0.994 

CRP, C-reactive protein; r, correlation coefficient; r2, correlation coefficient squared. 
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3.3. Error rate analysis 

The error rate analysis revealed an overall study error rate of 2.9 %. This included user as well as system error traps. Of the 31 test 
strip errors, 29 resulted from venous and capillary blood testing. The most common error in the REACT study was recorded as ‘Door 
close timeout’ (n = 9). This user error was corrected with product training. The second most common error (n = 7) resulted from 
unsuitability of samples owing to the HCT parameters being out of range. 

4. Discussion 

This study evaluated the analytical performance of a new CRP microfluidic immunoassay on the LumiraDx Test Platform in 
comparison to the Siemens RCRP Flex assay on the Dimension® Xpand® laboratory test system. The performance evaluation 
demonstrated notable equivalence between the two methods in plasma samples from patients with symptoms of infection, tissue injury 
and inflammatory disorders. The accuracy of the LumiraDx CRP Test was established across a range of CRP concentrations. 
Furthermore, the LumiraDx CRP results were consistent across capillary fingerstick samples, venous whole blood and plasma, and high 
precision was shown across the different sample types. Overall, the LumiraDx CRP Test showed a low error rate of 2.9 %. This indicates 
that the LumiraDx CRP test could replace current standard laboratory CRP tests where laboratory facilities are not easily available, and 
results are required quickly to facilitate clinical decision-making. Use of a portable, connected POC CRP test may offer significant 
pathway benefits for primary and secondary care where it can deliver accurate, laboratory-equivalent results in minutes [5–7,9, 
14–16]. 

The limitations of this study include the use of two different patient cohorts when performing the method comparison and matrix 
equivalency analyses, which was due to restrictions resulting from the coronavirus disease 2019 pandemic. Usability of the LumiraDx 
CRP Test at primary care sites was not evaluated in this study. However, the LumiraDx Platform has previously been evaluated on the 
basis of use of D-dimer tests at primary care sites, in which capillary blood, VB and plasma were also sample types [17]. 

In conclusion, the LumiraDx CRP Test was determined to be an accurate alternative to the established laboratory-based reference 

Fig. 1. The Passing–Bablok regression analysis of the LumiraDx CRP plasma test results versus Siemens RCRP Dimension® Xpand® Plus plasma test.  

Table 2 
Passing–Bablok regression analysis of matrix equivalency for the different testing modalities.  

LumiraDx sample type N CRP range (mg/L) Slope Intercept r 

Plasma versus venous blood 43 5.2–69.6 1.05 –0.79 0.981 
Plasma versus capillary blood TT 44 5.2–169.6 0.93 0.90 0.977 
Plasma versus capillary blood DA 44 5.2–169.6 0.98 –0.29 0.974 
Venous versus capillary blood TT 44 5.7–198.5 0.95 0.73 0.983 
Venous versus capillary blood DA 43 5.7–198.5 0.98 0.09 0.974 
Capillary blood TT versus DA 44 5.1–221.2 1.06 –1.21 0.982 

CRP, C-reactive protein; DA, direct application; r, correlation coefficient; TT, transfer tube. 
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Fig. 2. The Passing–Bablok regression analysis of matrix equivalency of the LumiraDx CRP when comparing different sample types. A: fingerstick 
(FS) transfer tube (TT) vs fingerstick direct application (DA); B: plasma vs fingerstick direct application (DA); C: plasma vs fingerstick transfer tube 
(TT); D: plasma vs venous blood; E: venous blood vs fingerstick direct application (DA); F: venous blood vs fingerstick transfer tube (TT). 
Abbreviations: %CV, coefficient of variation; CRP, C-reactive protein; DA, direct application; FS, fingerstick; HCT, haematocrit; POC, point-of-care; 
VB, venous blood. 
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method and provides the benefit of delivering a quantitative result from a fingerstick sample in 4 min at the point of care. 
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