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Abstract 

Objectives

To evaluate the stability, accuracy, and clinical performance of the Snibe CO₂ assay 

compared with the Roche CO₂ reagent and to investigate factors affecting total CO₂ 

measurements in different clinical conditions.

Methods

Total CO₂ was measured in patient samples using enzymatic assays. Stability was 

assessed over time, and CO₂ loss was examined in different blood collection tubes. 

Method comparison was conducted between the Snibe and the Roche CO₂ assays in 

various diseases.

Results

The Snibe CO₂ assay showed excellent linearity (r = 0.9997) and maintained stability 

for 42 days without recalibration, with control material deviations within ±5% of the 

target. CO₂ loss was observed in uncapped non-anticoagulant tubes (24.0% decline 

over 48 hours), but was less in EP tubes (9.4% decline). Significant differences of 

median CO₂ measurements were observed in only the renal group (Snibe: 13.35 

mmol/L, Roche: 12.80 mmol/L) and the cardiovascular disease group (Snibe: 25.90 

mmol/L, Roche: 26.40 mmol/L) versus the healthy group (Snibe: 22.70 mmol/L, 

Roche: 22.90 mmol/L) for both the Snibe and Roche assays.
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Conclusions

The Snibe CO₂ assay demonstrated superior stability and comparable accuracy 

compared with the Roche reagent. Preanalytical CO₂ loss remains a critical issue, 

emphasizing the need for standardized sample handling. Given the correlation 

between total CO₂ and bicarbonate levels, accurate measurement is critical for 

diagnosing metabolic disorders. Laboratories should establish protocols to minimize 

errors and ensure reliable acid-base assessment in clinical practice.

1.  Introduction

Carbon dioxide (CO₂) is a critical metabolic byproduct generated by cellular respira-
tion [1]. In the human body, the majority of CO₂ is transported in the blood in the form 
of bicarbonate (HCO₃⁻), accounting for approximately 95% of the total CO₂ concen-
tration in plasma [2]. The remaining CO₂ is present in its dissolved form, as carbonic 
acid (H₂CO₃), and in small amounts as carbamino compounds bound to proteins, 
particularly hemoglobin [3]. This transformation of CO₂ into bicarbonate ions plays 
an essential role in maintaining acid-base balance [4]. As the body’s primary buffer-
ing system, bicarbonate works in tandem with the respiratory and renal systems to 
regulate blood pH, ensuring proper physiological function across various systems [5]. 
Total carbon dioxide (TCO₂) measurement is a key diagnostic tool in clinical chemis-
try, routinely used to assess and monitor metabolic and respiratory disturbances [6]. 
Accurate TCO₂ measurements are fundamental for diagnosing acid-base disorders, 
determining the underlying causes, and monitoring the effectiveness of therapeutic 
interventions [7]. In the context of respiratory function, CO₂ levels provide insight into 
both ventilatory status and the body’s compensatory mechanisms in response to 
fluctuations in pH [8].

Elevated TCO₂ levels are commonly associated with conditions of alkalosis, either 
metabolic or respiratory [4]. Metabolic alkalosis can result from excessive gastric acid 
loss due to pyloric obstruction, upper small intestine obstruction, hypokalemia, and 
excessive intake of alkaline substances like antacids or bicarbonate [9]. Respiratory 
alkalosis, on the other hand, arises from increased excretion of CO₂ due to hyperven-
tilation such as in anxiety or high altitude [10]. Conversely, decreased TCO₂ levels 
could indicate metabolic acidosis associated with conditions like diabetic ketoacidosis 
[11] or renal failure [12]. On the other hand, respiratory acidosis results from impaired 
CO₂ elimination from the lungs, which can occur in respiratory muscle paralysis, 
airway obstruction related to diseases like chronic obstructive pulmonary disease 
(COPD), or acute lung diseases like pneumonia and acute respiratory distress 
syndrome (ARDS) [10]. Therefore, TCO2 measurement is widely used in the clinical 
evaluation of these acid-base disorders. As acid-base disturbances are prevailing in 
critically ill patients, who tend to have rapid changes in CO₂, and are associated with 
increased mortality, accurate measurement of TCO₂ is a determining factor of the 
patients’ clinical outcomes.
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Traditional methods of measuring TCO₂ include the manual titration method, which is time consuming and susceptible 
to interferences from temperature, pH and operators [13]. Ion-selective electrodes (ISE) and enzymatic methods emerged 
as more reliable alternatives. The ISE method, although widely adopted in clinical laboratories, is sensitive to variability 
in pH, ionic strength, electrode selectivity, and interference from other ions [14,15]. The enzymatic assays are compat-
ible with automated biochemical analyzers and allow for high-throughput, rapid, and accurate measurements, making 
them well-suited for routine clinical use [16]. Despite these advantages, enzymatic TCO₂ assays still face the challenge 
of reagent instability. As ambient CO₂ is abundant, the regents would be rapidly consumed by the absorption of ambient 
CO₂ once the container is opened [17]. This issue would cause large variability in between-day quality controls and falsely 
reduced results due to insufficient substrates, a problem that would be more pronounced in smaller laboratories which use 
reagents less frequently.

The Snibe CO₂ reagent is a single-liquid enzymatic assay specifically designed to address these stability concerns. By 
inhibiting enzyme during cold storage through the adjustment of substrate, pH, buffering system and the addition of acti-
vation reagent, the Snibe assay has accomplished minimized loss of substrate and demonstrated significantly improved 
reagent stability. To facilitate the clinical application of such a promising assay, this study evaluated the analytical perfor-
mance of the Snibe CO₂ assay, with a focus on its accuracy, calibration stability, and on-board stability, in comparison to 
a similar kit manufactured by Roche. Additionally, the study investigated the impact of various pre-analytical conditions on 
serum CO₂ sample stability, providing crucial guidance for routine clinical use of this assay to ensure that reliable results 
could be obtained in everyday practice.

2.  Materials and methods

2.1.  Patients and samples

Between 27th August 2024 and 8th January 2025, a total of 320 patients were enrolled in this study. Patients≥18 years 
old were included if they had symptoms related to metabolic alkalosis (hypokalemia or hyperadrenocorticism), respira-
tory acidosis (airway obstruction, severe emphysema, bronchiectasis or pulmonary edema), metabolic acidosis (diabetic 
ketoacidosis, uremia or severe diarrhea) and respiratory alkalosis (tachypnea or hyperventilation). Residual serum sam-
ples were collected at the People’s Hospital of Heichi from non-anticoagulant tubes after the hospital’s routine diagnostic 
workup and tested within one hour. Samples with incomplete clinical records, insufficient volume for testing, or severe 
interferences were excluded. Samples covered a broad range of CO₂ concentrations and clinical diagnoses, aligning with 
the reagent’s linear range and intended use.

S2 Table presents the baseline characteristics of the study population, in which gender distribution was balanced 
(female, 43.4%; male, 56.6%), and the mean age was 56.12 years. The study included patients with various clinical diag-
noses, including cardiovascular disease (16.25%), diabetes (10.63%), pulmonary disease (10.94%), physical examination 
cases (10.63%), renal disease (18.13%), and tumor diseases (8.44%).

The study protocol was approved by the Ethical Committee of the People’s Hospital of Hechi (Approval No. KY [2024-
097-01]). The study adhered to the ethical guidelines outlined in the “Ethical Review Measures for Life Science and Medical 
Research Involving Humans” (2023), the World Medical Association (WMA) Declaration of Helsinki (2016), the International 
Ethical Guidelines for Health-related Research Involving Humans (2016), and Good Clinical Practice (GCP) principles. The 
study involved minimal risk to participants, as it used leftover samples from routine clinical diagnostic workup. All samples 
and data were anonymized by removing personal identifiers. Access to raw data was restricted, and there was no further 
follow-up of the participants. Informed consent was waived by the ethics committee due to the nature of the study.

2.2.  Enzymatic assay principle

The Snibe TCO₂ assay measure total CO₂ through phosphoenolpyruvate carboxylase (PEPC) enzymatic method. PEPC 
catalyzes the reaction of HCO₃⁻ and phosphoenolpyruvate (PEP) to produce oxaloacetic acid and phosphoric acid in the 



PLOS One | https://doi.org/10.1371/journal.pone.0334228  October 10, 2025 4 / 12

presence of Mg2+. The oxaloacetic acid is then catalyzed by malate dehydrogenase (MDH) to produce malate. At the 
same time, the nicotinamide adenine dinucleotide (NADH) analog is oxidized to NAD+ analog. The consumption of NADH 
analogs results in a decrease in absorbance at 405 nm proportional to the concentration of CO₂ in the sample. 

2.3.  Reagent and apparatus

Total CO₂ concentrations were measured using two enzymatic reagent kits. The Roche CO₂ assay (Bicarbonate Liquid [CO₂-L] 
kit) was performed on the c311 and c702 analyzers (Roche Diagnostics, Shanghai, China). The Snibe CO₂ assay (Bicarbonate 
[PEPC Enzymatic] kit) was conducted on the Biossays C8 and LABOSPECT 008 AS analyzers (Snibe Diagnostic, Shenzhen, 
China). Method comparison and onboard stability were assessed by comparing Snibe CO₂ on the Biossays C8 with Roche CO₂ 
on the c702. Accuracy was evaluated using Snibe CO₂ on the Biossays C8 and Roche CO₂ on the c311. Linearity and sample 
stability were examined using Snibe CO₂ on the Biossays C8. All tests were performed according to the manufacturers’ instruc-
tions, with calibration and quality control conducted per standard laboratory protocols to ensure accuracy and reliability.

2.4.  Sample preservation conditions

To assess CO₂ stability, five serum samples with CO₂ concentrations of 20–30 mmol/L, which is around the reference 
interval, were stored in non-anticoagulant tubes and Eppendorf (EP) tubes at 2–8°C under uncapped conditions. CO₂ lev-
els were measured using the Snibe CO₂ assay at 0, 0.5, 1, 2, 3, 4, 5, 17, 24, 40, and 48 hours. EP tubes contained serum 
extracted from non-anticoagulant tubes.

2.5.  Statistical analysis

Continuous variables with a normal distribution are presented as means ± standard deviations, and those with a non-normal 
distribution as medians and interquartile ranges. Categorical variables are expressed as counts and percentages. Linearity 
of the Snibe CO₂ assay was assessed on day 0 and after 14 days onboard using least squares regression, with correlation 
determined by Pearson correlation coefficient (r) for both the Biossays C8 and LABOSPECT 008 AS platforms. Agreement 
between Snibe and Roche CO₂ assays was evaluated with Passing–Bablok regression and Bland-Altman analysis. Dif-
ferences in CO₂ measurement results between Snibe and Roche assays in certain clinical diagnoses were tested using 
Wilcoxon signed-rank test. Serum CO₂ levels across clinical diagnoses for a certain assay were compared using Wilcoxon 
rank-sum test. Statistical analyses were performed with R, version 4.4.0, and p < 0.05 was considered significant.

3.  Results

3.1.  Accuracy

The performance of the Biossays C8 and cobas c311 platforms was evaluated using certified reference materials (CRM) 
from the National Institute of Metrology (NIM), China (GBW06101). Three levels were tested in duplicate on both plat-
forms. The relative deviation from the target value ranged from 1.3% to −5.4% for Biossays C8 and from −2.2% to −6.4% 
for cobas c311 across the three levels (Table 1). The acceptance criteria for the bias of CO₂ assay was set to be ± 7.7%, 
the higher limit of the confidence interval for TCO₂ biological variation [18].

3.2.  Linearity

The linearity of the CO₂ assay was evaluated using samples supplemented with sodium bicarbonate (Sangon Biotech, 
China) on day 0 and after 14 days onboard, following the CLSI EP06 guideline. An 11-step dilution series was prepared, 
with each dilution tested in triplicate. The resulting dilution curves demonstrated linearity up to a CO₂ concentration of at 
least 50 mmol/L. The assay exhibited excellent linearity on both day 0 and after 14 days onboard, with correlation coeffi-
cients of 0.9997 and 0.9994 for day 0 and day 14 respectively (Fig 1).
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3.3.  Calibration and onboard stability

We evaluated the calibration stability of the Snibe CO₂ assay by measuring two different control materials over a 14-day 
periods on two platforms: Biossays C8 and LABOSPECT 008 AS. Each time point was performed in duplicate, and the 
results remained within ±10% deviation throughout the observation period. The CO₂ calibration was found to be stable 
for 14 days (S1 Table). We also measured the two control materials in two different reagent lots and both lots passed the 
acceptance criteria (S5 Table).

To evaluate onboard reagent stability, the same set of samples were tested on day 0 and day 14 on both platforms 
with the reagent kept onboard in these 14 days. A total of 56 samples with concentrations up to 50 mmol/L were tested 
once in each run. On the Bioassays C8 platform, a strong agreement was observed between day 0 and day 14 measure-
ments, with a regression equation of y = 0.97x − 0.184 and a correlation coefficient of 0.999 (Fig 2A). Similar results were 
observed on the LABOSPECT 008 AS platform (Fig 2B).

As routine laboratory testing usually keeps reagents onboard with them stored uncapped, to further assess the real-
world performance of this assay, we conducted evaluations in a clinical setting with reagents stored uncapped onboard. 
On the Biossays C8 analyzer, the Snibe CO₂ assay demonstrated excellent onboard stability. With uncapped reagent 
stored on the system, the assay maintained stability for 42 days without requiring recalibration, with quality control mate-
rial measurements maintaining almost entirely within ±5% deviation from the target (Fig 2C). Similarly, the Roche CO₂ 
reagent on the Cobas c702 system demonstrated stability over 42 days, with relatively larger deviations (Fig 2D). The 
acceptance criteria for stability was ± 10% bias.

3.4.  Method comparison

According to the manufacturer’s instructions for use, the linear ranges of both assays were 2–50 mmol/L, and the refer-
ence range was 22–29 mmol/L. The analysis was performed across different concentration categories (S3 Table), with 
balance largely preserved across categories. For example, in the 23–29 mmol/L range (based on Roche measurements), 
the proportion of samples within this range was 43.13% (138/320) for Snibe and 43.75% (140/320) for Roche, indicating 
no significant difference between the two assays (p = 1.000).

The performance of the CO₂ assays was compared using 320 serum specimens across a concentration range of 2–50 
mmol/L, with results obtained from both the Snibe and Roche CO₂ assays. Agreement between the methods was first 
assessed using the Bland-Altman analysis (Fig 3A), which showed a mean difference of −0.51% (95% limits of agree-
ment, −10.85% to 9.83%) for the Snibe CO₂ assay compared with the Roche CO₂ assay. The relationship between CO₂ 
values measured by the two assays was further evaluated using Passing-Bablok regression (Fig 3B), yielding a Pearson 
correlation coefficient (r) of 0.989 and a regression equation of y = 0.944x + 0.926.

3.5.  Assay comparison across different clinical diagnoses

The study included patients with various clinical diagnoses of diabetes (n = 34), pulmonary diseases (n = 35), tumor dis-
eases (n = 27), cardiovascular diseases (n = 52), renal diseases (n = 58), physical examination (n = 34) and others (n = 80). 

Table 1.  Performance of two platforms (Biossays C8 and cobas c311) in testing certified reference materials (CRM).

Reference material Target value (mmol/L) Measured value (mmol/L) Relative deviation Acceptance criteria

Snibe (n = 2) Roche (n = 2) Snibe (n = 2) Roche (n = 2)

Level 1 15.00 15.20 14.67 1.3% −2.2% ±7.7%

Level 2 25.00 24.30 23.86 −2.8% −4.6%

Level 3 35.00 33.10 32.77 −5.4% −6.4%

https://doi.org/10.1371/journal.pone.0334228.t001

https://doi.org/10.1371/journal.pone.0334228.t001
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The Healthy group consists of individuals undergoing routine physical examinations. The Pulmonary group includes 
patients with conditions such as pulmonary infections, pneumonia, chronic obstructive pulmonary disease (COPD), 
tuberculosis, respiratory failure, and asthma. The Renal group comprises individuals diagnosed with nephrotic syndrome, 
renal insufficiency, uremia, and chronic renal failure. The Tumor group includes patients with malignancies such as lung, 
cervical, rectal, and liver cancer. The Cardiovascular (CV) group consists of individuals with coronary atherosclerotic heart 
disease, hypertension, heart failure, and impaired cardiac function. The Others group includes patients with hyperthyroid-
ism, anemia, arthritis, and lymphoma.

Fig 1.  Linearity verification of Snibe CO₂ on Biossays C8. Linearity was evaluated on a) day 0 and b) after 14 days onboard. Linearity was assessed 
via least squares regression with intercept set to 0. c) and d) are the residual plots for the least square regression for day 0 and day 14, respectively. 
Correlation was analyzed through Pearson correlation coefficient. Each concentration was tested in triplicate.

https://doi.org/10.1371/journal.pone.0334228.g001

https://doi.org/10.1371/journal.pone.0334228.g001
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The CO₂ concentrations in various clinical diagnosis groups were compared to the healthy group using Wilcoxon rank-
sum test. The Snibe and Roche CO₂ assays demonstrated the same pattern in the statistical difference across all groups 
versus healthy group. For the Snibe assay, a statistically significant difference (p < 0.01; Fig 4A) was observed for the 
median CO₂ measurements between the renal group and the healthy group, which were 13.35 (9.87–24.85) versus 22.70 
(20.55–24.28) mmol/L. Significantly increased measurements was observed in the cardiovascular disease group, with 
a significant difference (p < 0.01; Fig 4A). No significant differences were observed in the other groups. The Roche CO₂ 
assay showed the same trend (Fig 4B).

Fig 2.  Calibration and onboard stability curves. Sample tests compared day 0 and day 14 onboard measurements on both platforms (A, B). Onboard 
stability was further evaluated for c) Snibe CO₂ and d) Roche CO₂ assays. The grey dashed line indicates ±10% deviation, which is the selected accep-
tance criteria. The sample size for each time point in the onboard stability study is 2. Quality controls were run in parallel with the experiments every 
time.

https://doi.org/10.1371/journal.pone.0334228.g002

https://doi.org/10.1371/journal.pone.0334228.g002
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3.6.  Effect of tube type

Non-anticoagulant blood collection tubes and Eppendorf centrifuge tubes showed distinct CO₂ concentration change 
patterns. In non-anticoagulant tubes, CO₂ levels decreased progressively, with reductions of 4.7% at 5 hours, 14.1% 
at 24 hours, and 24.0% at 48 hours (Fig 5). In contrast, in EP tubes, the CO₂ concentration exhibited a more stable 
decline, with reductions of 9.4% at 5 hours, 8.0% at 24 hours, and 6.2% at 48 hours, showing less fluctuation over 
time (Fig 5).

Fig 3.  Comparison of serum CO₂ concentrations between Snibe and Roche assays. Bland-Altman plot (A) and Passing-Bablok regression (B) for 
the comparison between Snibe and Roche CO₂ assays. The sample size is 320 for both Bland-Altman and Passing-Bablok analyses. Abbreviations: SD, 
standard deviation; r, Pearson correlation coefficient.

https://doi.org/10.1371/journal.pone.0334228.g003

Fig 4.  The same difference pattern of CO₂ levels in various disease groups versus healthy group measured with a) Snibe assay and b) Roche 
assay. Sample size: diabetes (n = 34), pulmonary diseases (n = 35), tumor diseases (n = 27), cardiovascular diseases (n = 52), renal diseases (n = 58), 
physical examination (n = 34) and others (n = 80). ** means p < 0.01.

https://doi.org/10.1371/journal.pone.0334228.g004

https://doi.org/10.1371/journal.pone.0334228.g003
https://doi.org/10.1371/journal.pone.0334228.g004
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4.  Discussion

Serum total CO₂ concentration was measured using a coupled assay involving phosphoenolpyruvate carboxylase (PEP-
Case) and malate dehydrogenase (MDH), with the oxidation of nicotinamide adenine dinucleotide (NADH) monitored 
at 405 nm. The decrease in NADH concentration is directly proportional to the serum total CO₂ concentration, allowing 
for accurate measurement of serum total CO₂ levels [19]. Several studies have shown that serum total CO₂ concentra-
tion is closely correlated with bicarbonate (HCO₃⁻) concentration [20,21]. Enzymatic assays for total carbon dioxide offer 
advantages in clinical settings; however, reagent stability remains a challenge. Fluctuations in atmospheric CO₂ can affect 
measurements, leading to frequent quality control (QC) errors and the need for repeated recalibration [22]. Atmospheric 
CO₂ can impact the NADH oxidation process in reagent systems by altering enzyme activity and the reaction equilibrium 
[23,24]. These changes can cause unstable NADH oxidation rates, leading to quality control errors and the need for 
frequent recalibration of instruments. This phenomenon is particularly significant in assays involving PEPCase and MDH, 
highlighting the importance of controlling and stabilizing CO₂ concentrations during testing to ensure accurate results.

Unlike other enzymatic assays, which employ sealed packaging to indirectly maintain reagent stability, the Snibe assay 
resorts to developing a reagent system inherently more resistant to ambient CO₂. Based on the properties of PEPCase, 
the storage pH and the amount of PEP and PEPCase used in the reagents are optimized via inhibiting PEPCase for a 
minimal degradation rate of PEP during storage. Meanwhile, activation reagent is added before testing to reactivate the 
PEPCase, ensuring optimal analytical sensitivity. Optimization of the reaction system allowed the Snibe CO₂ assay to 
maintain accuracy for 42 days without recalibration, with control material deviations within ±5% (Fig 2C). In contrast, the 
Roche CO₂ assay on the Cobas c702 system showed relatively larger deviations over 42 days (Fig 2D). The improved 
reagent stability of the Snibe CO₂ assay could help clinical laboratories decrease the burden of storage regulation and 
the risk of retest due to reagent degradation. Improved reagent stability could also reduce waste from inventory expiry, 

Fig 5.  Sample stability across different tube types. Measurements were performed to evaluate CO₂ concentration changes under different storage 
conditions and assess sample stability over time. “Blood collection tube” refers to non-anticoagulant tubes.

https://doi.org/10.1371/journal.pone.0334228.g005

https://doi.org/10.1371/journal.pone.0334228.g005
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enhancing cost efficiency. Higher operational efficiency could be another benefit as stable reagents require less frequent 
maintenance and are easier to be implemented in large-batch processing.

In addition to superior reagent stability, the Snibe CO₂ assay also showed smaller bias from the target than the Roche 
assay when tested with certified reference materials (Table 1). No significant differences were observed between the 
Snibe and Roche assays across concentration categories (S3 Table), with a Pearson correlation coefficient of 0.989, 
a regression equation of y = 0.944x + 0.926, and a Bland-Altman mean difference of −0.51% (Fig 3). The slightly lower 
regression ratio may reflect variability in certified reference materials. The Snibe and Roche assays also exhibited the 
same trend in CO₂ measurements across various diagnosis groups, with only the renal and CVD groups showing statisti-
cally significant difference from the healthy group (Fig 4).

Previous studies have highlighted discrepancies between local and central laboratory measurements, with CO₂ loss 
potentially contributing to reduced total CO₂ concentrations [25,26]. Zazra et al. reported a CO₂ loss rate of 2.5 mEq/L per 
hour from an open autoanalyzer cup [26], while Kirschbaum et al. observed a 4–5 mmol/L difference in total CO₂ mea-
surements between local and central laboratories [25]. In this study, we found a paradoxical decline in CO₂ concentrations 
in both non-anticoagulant and EP tubes. Uncapped non-anticoagulant tubes showed a 24.0% decrease in CO₂, while EP 
tubes demonstrated a more stable 10.0% decline over 48 hours (Fig 5). Uncapped samples were investigated in this study 
as local hospitals typically leave their CO₂ sample tubes uncapped, which may differ elsewhere. Carbonic anhydrase 
(CA), which catalyzes the hydration of CO₂ to bicarbonate, appears to play a role in this process [27]. These discrepancies 
in CO₂ measurements could lead to misdiagnosis of acid-base disorders and unnecessary treatments with bicarbonate or 
other alkaline solutions. Consequently, the storage and handling conditions of blood samples after arrival in the laboratory 
can significantly affect the accuracy of subsequent analyses. Laboratories should define assay stability and implement 
procedures to minimize changes in this electrolyte.

The limitations of this study primarily come from its single center, single population nature. No external validation was 
conducted in this study and there was a limited coverage of diseases and methods. In this study, a total coincidence 
rate of 96.25% was observed at the diagnostic threshold of 22 mmol/L for acidosis between the Snibe and the Roche 
CO₂ assays, indicating a relatively small risk of misclassification. However, as acidosis is a lethal condition especially if 
misdiagnosed, multi-center or global studies are needed to validate the agreement between laboratory testing methods 
across different populations under real-world conditions. In addition, interference factors, such as paraproteins (including 
M proteins), hypertriglyceridemia, and endogenous antibodies, can lead to pseudohypobicarbonatemia [28, 29]. These 
factors were not investigated here and should be included in further studies to assess their potential impact on the Snibe 
CO₂ assay, particularly in cases where discrepancies occur between chemistry analyzers and bicarbonate calculations 
from blood gas analyzers. As we only tested one reagent lot in the stability studies, further research should be done on 
lot-to-lot difference in the stability. The effect of temperature cycling on the performance of the Snibe CO₂ assay could also 
be investigated in future studies. The influence of carbonic anhydrase on sample stability should also be examined. Efforts 
to enhance the onboard stability of CO₂ reagents will improve the accuracy of bicarbonate testing and contribute to more 
precise diagnoses and treatment decisions.

5.  Conclusion

Accurate measurement of serum total CO₂ is essential for evaluating acid-base status in clinical practice. This study 
confirms the close correlation between Snibe CO₂ assay and Roche CO₂ assay and highlights the challenges posed 
by reagent stability and preanalytical factors. The Snibe CO₂ assay demonstrated superior stability and precision, 
maintaining accuracy for 42 days without recalibration, with lower deviations from target values compared to the 
Roche CO₂ reagent. The observed discrepancies in CO₂ measurements due to preanalytical factors, particularly CO₂ 
loss in uncapped tubes, underscore the need for standardized handling procedures to minimize errors in acid-base 
assessment.
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