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Abstract:

Introduction: CRP is a widely used biomarker for detecting infection and inflammation, and it may aid in
antimicrobial stewardship. Rapid point-of-care (POC) CRP testing can support timely decisions in resource-

constrained, high-acuity environments, such as critical care.

Methods: This prospective, single-centre study was conducted in the ICU of Charlotte Maxeke Johannesburg
Academic Hospital (CMJAH) from September 2023 to April 2024. A total of 110 adult patients were enrolled
through convenience sampling. Paired central or arterial blood samples were tested using both the Afinion™ 2

POC device and standard laboratory methods (Roche Cobas™). Data collected included CRP levels and relevant

clinical variables. Ethics approval was obtained.

Results: Sixty-two valid POC CRP results were analysed. The median CRP was 90 mg/1 (POC) vs. to 120 mg/1
(laboratory). The POC test demonstrated 100% sensitivity for CRP >10 mg/l, and 100% sensitivity with 92.5%
specificity for CRP >100 mg/l1. A strong correlation was observed between POC and laboratory results (r = 0.97;
95% CI: 0.96-0.97; p < 0.0001). Bland-Altman analysis showed acceptable mean differences (-25.4 to 33.9
mg/l). The median time to result was significantly shorter for POC (4 minutes) compared to laboratory testing

(5.5 hours; p <0.001).

Conclusion: The Afinion 2 POC CRP test provides reliable and rapid results, supporting its integration into

critical care workflows to improve clinical decision-making and promote responsible antimicrobial use.

Contribution: The study substantiates the clinical utility of the Afinion™ 2 POC CRP test as a dependable,
swift, and pragmatic instrument for application in critical care. It emphasises the potential of POC CRP testing
to improve patient outcomes, optimise workflows, and encourage judicious antibiotic utilisation, all of which are

essential for the advancement of healthcare delivery.
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Introduction:

Accurate and timely measurement of C-reactive protein (CRP) is crucial for effective diagnosis, prognosis, and
patient management (1,2). Recent studies have emphasised the potential use of point-of-care (POC) CRP testing
as a quick and convenient alternative to standard laboratory-based measurements (3,4). However, the

comparative accuracy of these methods remains an ongoing question (5).

CRP is a protein produced by the liver that plays a crucial role in the body’s inflammatory and immune
responses (1). Its levels rise within 6 hours of tissue injury or infection, peak at around 36 hours, and have a
half-life of about 19 hours (1). Monitoring CRP levels can provide insight into disease severity and help track
recovery, as levels tend to drop rapidly once the underlying disease process is addressed (2). Typically, CRP

levels are below 10 mg/L; however, readings above 100 mg/L may indicate severe inflammation and suggest the

need for antibiotics (3,4).

Since its discovery in 1930, CRP has become a cornerstone of clinical practice, serving multiple functions,
including screening and monitoring disease activity and supporting diagnostic decisions (1). Its prevalent use in
healthcare results from its accessibility, simplicity, ease of interpretation, and cost-effectiveness (5). In critical

care settings, CRP serves as a valuable biomarker for detecting and monitoring inflammation in conditions such

as acute respiratory distress syndrome and pancreatitis, as well as for detecting infections and evaluating the
effectiveness of treatments, especially antibiotic therapy (6,7). It also plays a vital role in prognostication and

risk stratification (8).

Antibiotics are administered to approximately 71% of patients in Intensive Care Units (ICU) worldwide;
however, the overuse of these medications has led to antimicrobial resistance (AMR), posing a significant global
health challenge (8—11). Although physicians often initiate antibiotics based on clinical judgment, their
decisions must be guided in conjunction with imaging and laboratory test results (12). Research has shown that

stopping antibiotics based on CRP or Procalcitonin (PCT) levels can shorten treatment durations without raising

the risk of death or recurrence (6,13). Unfortunately, access to PCT testing is often limited and expensive in

many low- and middle-income regions (13).

At Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), continuous monitoring of ICU patients is the
standard practice. Clinical assessments, imaging, and biomarkers guide treatment decisions, but daily blood tests
sent to the laboratory may take several hours to return results. These delays can impede timely clinical decision-

making and negatively impact patient care.



Effective patient management relies heavily on laboratory data, with about 70% of clinical decisions based on
test outcomes (14). POC CRP testing can deliver rapid, actionable results, which help clinicians make quicker,
more informed decisions that can improve patient care (15). Unlike conventional laboratory tests, POC CRP
tests can be performed by healthcare providers or nurses without specialised equipment (16), and recent

advancements allow for results in minutes that are as accurate as traditional laboratory methods (4,5). POC CRP

testing is becoming more common in emergency and primary care settings, enhancing diagnosis and treatment

(4).

The Afinion™ AS100, the predecessor to the Afinion™ 2, has been evaluated in various contexts, including
primary care and paediatric populations, demonstrating its user-friendly nature. It requires minimal handling and

generally provides better accuracy than other POC testing devices (10,17-19).

Despite the increased use of POC CRP devices in primary and emergency care, validation of these devices for
the ICU patient population has been limited. This study aims to assess the performance of the Afinion™ 2
against the standard Roche Cobas™ method used by the National Health Laboratory Service (NHLS) for adult
ICU patients at CMJAH.

Methods:

Study design and setting: This was a single-centre, prospective, comparative diagnostic study conducted in the
multidisciplinary ICU at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH), a tertiary academic

hospital in Parktown, Johannesburg.

Ethics: The study received ethical approval from the Human Research Ethics Committee of the University of
the Witwatersrand (M230387) and adhered to the Declaration of Helsinki and relevant institutional guidelines.
Permission to use laboratory data was granted by the NHLS. Written informed consent was obtained from all

participants or their legal representatives.

Confidentiality was strictly maintained by using only hospital numbers for identification, and all data were

stored on a password-protected computer to ensure data security.

Study Population and Sampling Strategy: This study involved a convenience sample of 110 adult ICU
patients enrolled between September 18, 2023, and April 15, 2024. Participants were selected based on the
availability of the principal investigator and the POC cartridges. The study extended beyond its initial timeline
to achieve the designated sample size, which was calculated using Cochran’s formula based on the average ICU
admission rates over a three-month interval. This extension was undertaken to ensure sufficient statistical power

and adequate representation of the population.



Inclusion and Exclusion Criteria: All adult patients (aged 18 years or older) admitted to the ICU during the
study period were eligible for inclusion. Exclusion criteria included patients under the age of 18, those who did
not provide adequate consent for blood sampling, and instances when either the principal investigator or POC

testing cartridges were unavailable.

Data collection: Data regarding ICU admission, patient demographics, and CRP measurements from POCT and
laboratory sources were collected. Additional information potentially affecting CRP values, which included
steroid and antimicrobial use, recent surgery, and Renal replacement therapy (RRT) requirements. Information
was collected on a pre-designed structured data collection sheet. The principal investigator, a qualified medical

doctor working in the unit, collected all data.

Sample collection: Paired samples were obtained from indwelling arterial lines or central venous catheters. The
initial 5 mL of blood was discarded to eliminate any contamination or tissue fluid that may affect test results.
After that, 4 ml was collected into a lithium-heparin tube (green top) and an additional 4 ml into a gel clot-

activated tube (yellow top), per ISO 15189 laboratory specifications at the NHLS central laboratory.

e Laboratory CRP testing:

A laboratory messenger gathered samples from the ICU and submitted specimens to the laboratory reception,
where the samples were duly recorded and appropriately allocated to the chemical pathology department for
analysis. The laboratory conducted CRP measurements using serum, performed by trained technologists at the
NHLS employing the Roche Cobas™ analyser, which utilizes particle-enhanced immunological agglutination to
achieve a quantitative outcome. Dilutions were executed per laboratory protocol. The analytical laboratory’s
CRP reference range is <1 to 350 mg/l. The results were made accessible on the national health database,

Trackcare. These laboratory CRP results were utilised for therapeutic decision-making within the ICU.

e POC CREP testing:

The Afinion™ 2 analyser was positioned in the ICU POC room and was secured with a password to maintain
patient confidentiality and restrict access exclusively to the principal investigator. Hospital-assigned
identification numbers were entered into the analyser to facilitate results tracking. Testing kits were stored in a
temperature-controlled environment and allowed to acclimate to room temperature before each test, as specified
by the product. Whole blood specimens utilized during testing were collected from the heparinised sample. The
Afinion™ 2 employs a solid-phase immunochemical assay for its analysis, producing a quantitative result within
the analytical reference range of <5 to 200 mg/l. Dilutions were not executed for results exceeding this range.
All samples were tested within 15 minutes of collection by the principal investigator, who possesses the required
training for operating the analyser. The controlled testing was executed in alignment with the manufacturer’s

recommendations. The treating clinician did not have access to the CRP POCT results. The analyser was



calibrated, and Obsidian representatives performed quality control tests throughout the study period to ensure

measurement accuracy.

The Afinion™ 2 POC testing procedure consists of three simple steps (see Figure 1). It requires 2.5 pL of blood

and provides CRP results in four minutes.

1. Blood sample collection (capillary or whole blood);
2. Using the self-contained capillary tube within the test cartridge to collect the blood;

3. The test cartridge is inserted into the analyser and is awaiting the result.

Figure 1: The POC testing process

Study objectives: To test the agreement between the POC CRP and the laboratory CRP. To test the accuracy of
the POCT CRP. To evaluate the sensitivity and specificity of predicting a laboratory CRP value at three
different thresholds (> 10 mg/l, > 100 mg/l, and > 150 mg/1) using the POCT CRP values. To compare the
theoretical turnaround time for CRP results between laboratory and POCT methods.

Data analysis:

Data was electronically captured and analysed using IBM SPSS version 30 (20). Descriptive statistics were
calculated for all variables, including the mean, median and interquartile ranges. Statistical significance was
determined with a p-value of < 0.05. The agreement between the two measurement methods was assessed using
a Bland-Altman plot and Cohen’s Kappa. The Pearson correlation coefficient was calculated to evaluate the
relationship between the variables. Sensitivity, specificity, and predictive values were calculated and presented
as percentages, along with a 95% Confidence Interval (95% CI). Diagnostic categories are expressed through
means, medians, and percentages. A Wilcoxon signed-rank test was employed to compare CRP results across

various diagnostic categories. Time comparison analyses were performed using the paired t-test.

Results:



During the study, 62 POC CRP tests produced quantitative results (values within the range of 5— 200 mg/l) and
met the criteria for analysis. Each laboratory CRP test generated an individual result. A CRP value exceeding 10

mg/L was considered a positive result for both assessments. Refer to the study flow diagram (Figure 2).

Enrolled patients
(n=121)
Excluded (n = 11)
+ <18 years (n=1)
* Unable to obtain consent (n = 10)
Conducted POC and
laboratory tests
(n=110)
Excluded: Sample errors (n = 10)
* POCT Hematocrit errors (n = 3)
* POCT technology error (n = 4)
* POCT User error (n=3)
Excluded: Quantitative range (n = 38)
* Results outside the analytical range
* <5mg/L(n=2)
> 200mg/L (n = 36)
Included in overall
analysis
(n=62)

Figure 2: Study flow diagram

The baseline characteristics are provided in Table 1.

Table 1: Baseline characteristics

Variable n (%) Median Interquartile
range (IQR)

Age (years) 62 42.5 29 -57

Gender — Females 31/62 (50)

BMI > 25 17/62 (27.4)

Days in ICU 62 4 2-10

WCC 62 13 89-15

PCT 61/62 (98) 2.5 45.5-92.5

POCT CRP 62 90 56-133

Laboratory CRP 62 120 54 -124

Positive blood culture 18/62 (29)

Antimicrobial therapy 29/62 (62.9)



Antimicrobial therapy days

62

BMI - body mass index/ WCC — white cell count/ PCT - procalcitonin

Table 2 evaluates the diagnostic and clinical categories influencing CRP values. The Wilcoxon signed-rank test

was employed to determine the p-values between POCT and Laboratory CRP values across the categorical

findings.

Table 2: CRP by diagnostic and clinical categories

Diagnostic category Status n (%) Median Median p-value
POCT CRP Laboratory
CRP
(mg/l) (mg/l)
CRP 62 (100) 90 120 0.008
HIV Yes (+) 11/62 (17.7) 129 120 0.042
No (-) 51/62 (82.3) 85 98 0.050
Sepsis* Yes 34/62 (54.9) 104 88 0.015
No 28/62 (45.1) 80 98 0.262
RRT Yes 7/62 (11.3) 122 108 0.176
No 55/62 (99.7) 90 112 0.022
Steroids Yes 26/62 (41.9) 91 95 0.053
No 36/62 (58.1) 81 89 0.055
Recent surgery Yes 26/62 (41.9) 98 95 0.105
No 36/62 (58.1) 82 95 0.030

HIV — Human Immunodeficiency Virus/ RRT — Renal replacement therapy

*Criteria for sepsis: Documented infection in the file, positive blood culture at the time of sample collection, elevated PCT and CRP, septic shock



Table 3 presents CRP diagnostic accuracy and predictive values at various thresholds. The accuracy of CRP

levels exceeding 100 mg/l has been evaluated at 97%.

Table 3: Predictive value of POC CRP concerning different laboratory CRP thresholds.

POCT CRP >10 mg/l >100 mg/1 >150 mg/1

% (95%CI) % (95%CI) % (95%CI)
Sensitivity 100 (96.3 — 100) 100 (94 — 100) 95,8 (85.1 —99.5)
Specificity 100 (15.8 — 100) 92.5(79.6 —98.4) 98.1(98.7-99.9)
PPV* 100 (96.3 — 100) 95.2(81.7-98.3) 97.9 (86.8 —99.7)
NPV** 100 (15.8 — 100) 100 (90.5 — 100) 96.2 (86.8 —992

*PPV (Positive predictive value)/ **NPV (Negative predictive value)

Figure 3 presents the test agreement using a Bland—Altman plot, with a 95% confidence interval for the mean
difference ranging from —25.4 to 33.9. Three outliers were observed, appearing to be randomly dispersed, which
likely reflects random error. No shared characteristics were identified among these outlier samples. A negative

bias of 46.2 mg/1 (- 32%) was found between POCT CRP and laboratory CRP values.
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Figure 3: Bland-Altman plot
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The linear regression plot is presented in Figure 4. The Spearman rank correlation coefficient (r) is 0.976 (95%
CI 0.96 — 0.98) with a p <0.0001, indicating that 97% of the variability in the POCT and laboratory test has
been accounted for. A substantial agreement was observed between the POCT and laboratory CRP tests, as

indicated by a Cohen’s Kappa coefficient of 0.70 (95% CI: 0.60-0.81, p <0.001)

250

y =-1.419 +0.984 x
n =62

200

150

NHLS CRP

100

50

Spearman’s (r)= 0.976

0 50 100 150 200
POCT CRP

Figure 4: Linear Regression

Regarding turnaround time, the Afinion™ 2 CRP test provided results in just 4 minutes. In contrast, the median
registration time at the laboratory was 1.9 hours (114 minutes), with a range of 13 minutes to 42.1 hours. The

median time for laboratory results to become available was 5.5 hours (311 minutes), with a range of 0.6 to 42.1
hours (see Figure 4). A paired samples t-test demonstrated a statistically significant difference in time to results,

yielding a t-value of —9.88 (p < 0.001).
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Figure 5: Box plot of time to Laboratory results (minutes)
Discussion:

This study evaluated the analytical performance of a commercially available POCT CRP device, the Afinion™

2. It compared results from this platform with those obtained from a central laboratory CRP analyser.

The Afinion™ 2 demonstrated good overall performance in our setting, yielding valid results in over 90% of
tests. The 9.1% failure rate we observed was mainly due to user errors, technical issues, and changes in
haematocrit (HCT) levels. While the device can automatically adjust CRP values for HCT levels between 20%
and 60%, it does not display results when whole blood samples fall outside this range. It is important to
recognise that abnormal HCT levels can greatly influence CRP measurements — low HCT may cause results to
be underestimated, whereas high HCT can lead to overestimation (21). This disparity can result in detrimental
clinical choices, including unnecessary tests, inappropriate treatment increases, or overlooked diagnoses in high-
risk patients. Other studies have found similar pre-analytical error rates. For instance, Fanshawe et al. evaluated
three POC devices across various levels of healthcare, including the Afinion™2 CRP, and identified a 9% error
rate (21). Moreover, Bouwer and Van Pelt observed that the small sample volume could influence error rates for
the Afinion™ 2 compared to seven other commercially available POC devices (18). These findings highlight the
impact of testing methods, sample characteristics, and the operator’s expertise and performance. Consequently,
conducting local on-site verification is essential to guarantee the accuracy and reliability of POCT devices in

particular clinical environments.

Approximately 63% of our patient population received antibiotics. Although 54.9% of patients exhibited signs
consistent with the clinical definition of presumed sepsis, only 29% of blood cultures yielded a positive result
for an identifiable organism. This indicates that the overuse of antibiotics in our setting could range from 9% to
34%. A study by Sigakis et al. found that, although culture-positive and culture-negative patients had similar

risk factors for mortality, identifying a pathogen in blood cultures was crucial for optimising antimicrobial use
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and treatment duration (22). Randomised clinical trials evaluating CRP POCT consistently suggest avoiding
antibiotics when CRP levels are below 20 mg/L and supporting their use when levels are at or above 100 mg/L.
Additionally, these studies recommend withholding antibiotics when the CRP level is less than 50 mg/L,
resulting in a 12—14% reduction in antibiotic use (23,24). The quick availability of CRP results in our clinical

setting could enhance appropriate antibiotic prescribing.

Using the Afinion™ 2, we attained 100% sensitivity in identifying laboratory-confirmed CRP levels over 10
mg/L and 100 mg/L, with specificities of 100% and 92.5%, respectively. This highlights the test's outstanding
performance within the crucial CRP range of 10 - 100 mg/L, confirming its reliability as a POC testing tool for
infection management. Our findings are consistent with prior research; for instance, Matheeussen et al. reported
a sensitivity of 75.5% and a specificity of 98% at CRP levels >10 mg/L and 92.6% sensitivity with 99.8%
specificity at levels >100 mg/L (25). In a similar vein, a neonatal study in Cape Town discovered a sensitivity of
97% and a specificity of 99% for CRP levels above 10 mg/L (10), underscoring the effectiveness of CRP as a
biomarker for the early detection of infectious or inflammatory conditions across varied populations and testing
instruments. The implications of these diagnostic metrics are noteworthy. A CRP threshold of >10 mg/L shows
100% sensitivity and specificity, emphasising its potential for ruling out and confirming the necessity of
antibiotic treatment. This empowers clinicians to confidently withhold antibiotics when CRP levels fall below
this threshold, reducing unnecessary prescriptions. With a higher cutoff of >100 mg/L, the test retained 100%
sensitivity but exhibited a slight decrease in specificity (92.5%), indicating a slight increase in false-positive
results. This minor reduction in specificity could lead to some overtreatment if test results are considered in

isolation, mainly since antibiotic decisions frequently rely on elevated CRP values.

The Afinion™ 2 demonstrated strong accuracy in detecting intermediate CRP levels (20 to 100 mg/L),
consistent with findings by Minnaard et al., who evaluated various CRP POCT devices (19). However, when
CRP levels surpass 100 mg/L, the consistency between POCT results and laboratory values becomes less
reliable. This observation emphasises the need to carefully interpret elevated CRP results generated by the
POCT, particularly when crucial treatment decisions, such as initiating antibiotic therapy, are based on these
results. Therefore, validating these POC results with other relevant biomarkers and clinical and radiographic

findings may be necessary to ensure an accurate diagnosis and, thus, an informed treatment plan.

The Afinion 2 analyser has demonstrated impressive analytical performance compared to standard laboratory
CRP measurements, achieving a Spearman correlation coefficient of 0.97. This suggests a remarkable
agreement between the two methods. With 62 paired observations and an alpha level of 0.05, this study was

well-equipped to identify this robust correlation, reducing the likelihood of type II errors.

Bland—Altman analysis demonstrated a fixed mean difference of 4.3 mg/L, signifying that the test method
consistently underestimated CRP levels. The 95% limits of agreement extended from —25.4 to 33.9 mg/L,
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indicating that individual point-of-care CRP measurements could deviate from laboratory values by as much as
+30 mg/L. Furthermore, a proportional bias was observed, with the test method underestimating CRP
concentrations by an average of 32%, approximately 46 mg/L at elevated levels. This phenomenon illustrates
that the bias intensifies with increasing CRP levels, an aspect that warrants consideration when interpreting
results in clinical practice. Although this level of variability may be acceptable for general clinical use within
the range of 10—-100 mg/L, it could be significant in high-stakes decisions, especially near critical thresholds.
Notably, the Afinion™ 2 demonstrated only a slight average underestimation of 3%, which aligns with biases
reported for other POCT devices like the Cobas b 101 (3%) and the QuikRead (6%) (25,26). Similarly, Verbakel
et al. reported acceptable agreement using Bland—Altman analysis with 95% limits of agreement ranging from
—15.4% to 12.8% and a negative bias of 28.2% (17). These findings support the reliability and clinical utility of
the Afinion™ 2 CRP POCT system as a practical and efficient alternative to laboratory testing, particularly in

primary or urgent care settings where rapid results are essential.

Regarding turnaround times, laboratory results were usually accessible 3.2 hours after registration, with a
median of 5.5 hours. A comparable study conducted at Grootte Schuur Neonatal Unit indicated even longer
turnaround times of 7 hours, even with NHLS present on-site (10). This delay in receiving laboratory results for
CRP tests can greatly affect timely clinical decision-making. During this delay in result availability, crucial
therapeutic decisions might not have been made effectively, such as adjusting treatment or discontinuing
unnecessary therapy. Alternatively, access to POC CRP testing could enhance effective and efficient patient

management.
Limitation:

This study was conducted at a single centre with a small sample size, focusing solely on an adult ICU
population, which may limit its generalisability and reduce external validity. The extended duration of the study
was due to the limited availability of test cartridges and scheduling constraints for administering the test.

Convenience sampling, based on cartridge availability, may have introduced selection bias.

Haematocrit (Hct) values were not recorded, although three samples (2.7%) were rejected by the device due to
Hct levels below the acceptable threshold (<20%). Additionally, 38% of the samples exceeded the device’s CRP
measurement range (5-200 mg/L) and were therefore excluded, as no dilutions were performed in keeping with
typical bedside clinical practice. Consequently, only samples with moderate CRP elevations were analysed,
limiting the generalizability of the findings to patients with CRP levels <200 mg/L. Diagnostics regarding

precision testing and repeatability were outside the scope of this study.

Recommendations:

Future studies should incorporate dilution protocols for CRP levels >200 mg/L to capture high-risk patients.

Broadening research to encompass larger and more diverse populations across multiple centres will enhance the
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generalizability of findings. It is also crucial to investigate various CRP thresholds and to conduct outcome-

based studies to optimise clinical application and promote effective antibiotic stewardship.

Conclusion:

Delays in CRP results can adversely affect patient outcomes in critical care by postponing targeted therapy. This
study indicates that the Afinion™ 2 POCT CRP device demonstrates potential as a rapid alternative to
conventional laboratory testing, thereby supporting clinical decision-making and antimicrobial stewardship.
Although integrating CRP POCT into routine care alongside clinical algorithms could enhance patient
management and resource utilisation, additional validation—particularly in patients with CRP levels exceeding
200 mg/L—is necessary prior to advocating for its widespread application in ICU settings. Local evaluation

remains essential to verify the device’s accuracy and suitability within specific clinical environments.

Dissemination of results:

The findings of this study will be communicated to the relevant departments, including the ICU, the NHLS, and
Obsidian Health. Dissemination will occur through an internal report that highlights the results aimed at

facilitating the potential implementation of the point-of-care device within this clinical environment.
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