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Abstract 

 

Background. 

Haemoglobin A1c (HbA1c) has become an even more important analyte for clinical 

laboratories during recent years with the introduction of its diagnostic use for diabetes 

mellitus. Several different analytical principles can be used, each with their advantages and 

disadvantages. 

 

Aim. 

We wanted to compare Sebia Capillarys 2 Flex Piercing (Capillarys) with our routine HbA1c 

methods, which were an HPLC method (Tosoh G7) and an immunoassay (Tina-Quant on 

Roche Modular P) by analysing a large clinical material. Furthermore, we investigated sample 

stability. 

 

Methods. 

HbA1c analysis was performed in parallel by all three methods for more than 600 patient 

samples including common and some rare haemoglobin variants, as well as for several 

controls, some with set target values.  Sample stability at room temperature and refrigerated 

was assessed for up to seven days. 

 

Results. 

Capillarys produced generally somewhat lower HbA1c values than both comparison methods, 

apparently due to positive bias for the comparison methods. Leaving out samples with 

haemoglobin variants, we found a mean bias (95% CI) for Capillarys compared to Tosoh G7 

(without factorization) and Modular of -0.39 (-0.40 to -0.38) and -0.16 (-0.17 to -0.14) % 

HbA1c, respectively. HbA1c results were similar between instruments for samples from 

dialysis patients as well as for samples with heterozygous common haemoglobin variants, 

except that Tosoh G7 reported too low results in the presence of Hb E. For heterozygous Hb 

Raleigh, Capillarys and the immunoassay gave similar results. 

 

Conclusion. 

Capillarys is a convenient instrument for routine HbA1c analysis. 
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Introduction 
 

Haemoglobin A1c (HbA1c) is the fraction of haemoglobin with a glycation modification of 

the amino terminal valine residue of the -globin chain [1]. The HbA1c level closely 

correlates with average plasma glucose the preceding 2-3 months [2] and has been used for 

monitoring of diabetes control for three decades [1]. In 2011 the World Health Organisation 

accepted HbA1c also for diagnostic use for diabetes mellitus with a cut-off at ≥ 6.5 % [3].  

Methods with several different principles for HbA1c analysis are  in clinical use, such as ion 

exchange chromatography, boronate affinity chromatography and immunoassays [1] as well 

as enzymatic methods and capillary electrophoresis [4].  

The Sebia Capillarys 2 Flex Piercing (Capillarys) system for HbA1c analysis based on 

capillary electrophoresis has been available for a few years [5]. Several evaluations of the 

instrument have been published[5-8] demonstrating its usefulness for clinical routine. We 

wanted to compare the Capillarys instrument with the two methods we used in our clinical 

routine in a large clinical material of more than 600 samples including samples from dialysis 

patients and from patients with haemoglobin variants. The comparison methods were cation 

exchange chromatography (Tosoh G7) and immunoassay (Roche Tina-Quant HbA1c Gen. 3). 

Reagent cost per test was similar between Tosoh G7 and Capillarys, while reagents for the 

immunoassay were approximately twice the price. In addition, since the vendor’s 

specification of sample stability at room temperature extends to only 18 h for Capillarys[9], 

we tested sample stability for up to one week at both room temperature and refrigerated.



Materials & Methods 
 

Samples and controls 

For method comparison, a total of 658 samples were included during the period January to 

June 2012. Due to missing data from at least one instrument, 34 samples were excluded from 

further analysis, leaving 624 patient samples with full datasets available for analysis. Most 

samples (604 of samples with full datasets) were referred for HbA1c analysis, among which 

10 samples were from haemodialysis patients. In addition, 20 samples referred for 

haemoglobinopathy testing were included. Venous samples with di-potassium 

ethylenediaminetetraacetic acid as anticoagulant were used. 

In the beginning of the study period, all samples referred for Hba1c analysis were included. 

Later, to obtain a more uniform distribution within the measuring range, samples with low or 

high HbA1c results were selected. Samples were analysed at the day of sampling on Roche 

Modular as part of our clinical laboratory routine and then stored overnight at 4 °C. Next day, 

samples were first analysed on the Capillarys Cap Piercing and then on Tosoh G7 within the 

same day. 

A high control made from pooled patient samples and a normal control donated by a healthy 

volunteer were analysed once daily on Roche Modular (n=23), twice daily on Tosoh G7 

(n=44) and once daily on all available capillaries on Sebia Capillarys 2 Cap Piercing (CP) 

(n=189). Both controls were stored in aliquots at -70 °C to avoid freeze-thaw cycles. They 

were analysed the same day as they were thawed. 

Two external controls from the Norwegian Clinical Chemistry EQA Program with reference 

method assigned values from European Reference Laboratory were also analysed (only once 

on each instrument due to sample volume limitations). 

For stability experiments, 24 clinical routine samples without haemoglobin variants were 

selected and analysed on the Capillarys. Of these, 20 samples were analysed once daily 

Monday to Friday and again the following Monday. Four samples were analysed once daily 

Tuesday to Friday and again the following Monday. Storage at both room temperature (20-

25 °C) and in refrigerator (4 °C) was investigated. To control for minor day-to-day variation, 

results were normalized to the mean of two instrument controls run on all capillaries each day. 

All samples were anonymized before inclusion and the study was approved by the Hospital 

Information Security Unit. 

 

Methods 

For method comparison, HbA1c was analysed on three instruments: i) On the Roche Modular 

P instrument (Roche, Switzerland), the Tina-Quant HbA1c Gen. 3 method based on a 

competitive turbidimetric inhibition immunoassay in hemolysate with Roche C.f.a.s. HbA1c 

as calibrator was used (hereafter denoted as Modular). ii) The Tosoh G7 HPLC instrument 

(Tosoh Corporation, Japan) was used in the Variant mode (2.2 min program) with Tosoh 

calibrator (hereafter denoted as Tosoh G7). Both instruments were used for routine HbA1c 

analysis at our department and were following external quality assurance programs. The Sebia 

Capillarys 2 Flex Piercing instrument (Sebia, France) (hereafter denoted as Capillarys) was 

kindly provided for our disposition from the national Sebia distributor for the method 

comparison in 2012. For the sample stability experiments in 2015 it was a routine HbA1c 

instrument. The Hba1c-program was used with HbA1c Capillarys calibrators (References 

4755).  

All methods were run in accordance with the respective companies’ instructions and all 

instruments reported HbA1c with % as unit as is still the standard in Norway. 

Serum creatinine concentration was measured on Roche Modular P using an enzymatic 

method (CREA plus). Hemoglobinopathies were analyzed by cation exchange 



chromatography on BioRad Variant (Hercules, CA) with Beta-thal short program and/or by 

capillary electrophoresis on Sebia Capillarys II by Sebia Capillarys Hemoglobin assay. 

Haemoglobin variants were analysed on both instruments. In the case of Hb Raleigh, beta-

globin gene sequencing was also performed. 

 

Statistical evaluation 

Methods were compared by Deming regression, Bland-Altman plots and related samples T-

test. Sample stability was assessed by Kruskal-Wallis test since Shapiro-Wilk test for 

normality failed. Dunn’s method was used to identify the day from which a significant change 

occurred. SigmaPlot, Minitab 17 and SPSS version 21 were used for statistical comparisons. 

 

Results 
Method comparison - Controls 

The high and normal level controls were both analysed once daily (Modular), twice daily 

(Tosoh G7) or once daily on each capillary (Capillarys) during the study period. Tosoh G7 

and Capillarys showed similar precision, with CV well below the specification of less than 

2% CV for diagnostic use[10], while Modular presented poorer precision (Fig 1A, Table I). 

Two samples from the Norwegian Clinical Chemistry EQA Program with assigned values 

from European Reference Laboratory (ERL) were also analysed (samples 2012-02 and 2012-

03). All three studied methods gave higher results than the ERL assigned values (Fig. 1B), but 

Capillarys was closer to the assigned values than were the other two instruments.  

During the study sampling period in 2012, the Norwegian Clinical Chemistry EQA Program 

recommended Norwegian users of Tosoh G7 and G8 to factorize HbA1c-results due to 

systematically high results for the instrument group in their external quality control program 

[11]. When we included the recommended factor (0.955), the Tosoh G7-results for the ERL 

controls were similar to the Capillarys results (not shown). 

 

Method comparison - Patient samples 

Complete datasets from all three instruments were available for 624 samples. Distribution of 

results is shown in Fig 2 as measured by Capillarys, displaying good coverage for the 

diagnostic cut-off for diabetes mellitus at 6.5 % HbA1c [3]. 

In accordance with results for the controls, there were systematic differences between the 

instruments. Leaving out samples with haemoglobin variants, we found a mean bias (95% CI) 

for Capillarys compared to Tosoh G7 (without factorization) and Modular of -0.39 (-0.40 to -

0.38) and -0.16 (-0.17 to -0.14) % HbA1c, respectively. In fig 3 are shown Deming regression 

and Bland-Altman plots for the comparisons. Samples with haemoglobin variants are 

excluded in fig. 3. One analytical outlier on Modular is displayed well below the regression 

lines in fig 3 C and E.  The result for this sample from Modular was 6.9 % HbA1c, while 

Capillarys and Tosoh G7 results were 5.0 % and 5.2 %, respectively.  

Samples with HbA1c requests from ten dialysis patients with creatinine concentrations 

ranging from 430 to 700 µmol/L were also included. For these samples, only similar 

instrument differences as noted in the general comparison were observed. 

 

Hemoglobin variants 

We included  samples with common heterozygous haemoglobin variants, eleven Hb E , two 

Hb S, one Hb C and one Hb D-Punjab. HbA1c results from Modular and Capillarys were 

similar for all haemoglobin variants, while results for heterozygous Hb E samples were 

clearly lower from Tosoh G7 than from the two other instruments (Fig. 4A).  

Also samples with more rare haemoglobin variants were analysed. Heterozygous Hb Raleigh  



was not separated from HbA in the Capillarys electropherogram (Fig. 4B) while the variant 

eluted with HbA1c on Tosoh G7 (Fig. 4C) and the HbA1c result could thus not be reported 

from this instrument. HbA1c results from Capillarys and Modular for the sample with Hb 

Raleigh were 4.1 and 4.2 % respectively.  

Heterozygous Hb Lepore gave similar HbA1c results from all three instruments (5.1-5.4 %). 

Hb Lepore migrated as a sharp peak between HbF and HbA2 in the Capillarys 

electropherogram (Fig. 4 D) while it generated a number-of-peaks flag on Tosoh G7 (Fig. 4E). 

As expected, for several samples lacking the normal HbA (homozygous Hb S, HbD/-

thalassemia, Hb E/-thalassemia) no result for HbA1c was reported from Capillarys. 

 

Sample stability 

Referred clinical samples with HbA1c concentrations from 4.6 % to 11.4 % were included. 

Storage for up to three (n=24) and four (n=20) days at room temperature did not result in a 

significant change in HbA1c concentration (p=0.12, Kruskal-Wallis test). Storage for 6-7 days, 

however, reduced HbA1c concentration (p<0.05, Dunn's test), Fig. 5A. Storage at 4 °C for up 

to one week did not result in any significant change in HbA1c concentration (p=0.57, 

Kruskal-Wallis test, n=12), Fig. 5B. 

 

User friendliness 

The laboratory technologists found the Capillarys instrument easy to operate. The instrument 

had capacity for analysing 35-40 samples/h and walk-away capacity for 108 samples with cap 

piercing functionality. We found the mosaic screen displaying 48 colour coded results to give 

a good overview. We experienced one episode of clogging of one of the capillaries during the 

study period in 2012, but this problem was solved by rinsing with concentrated hypochlorite. 

No capillary clogging has occurred later. 

The Capillarys electropherogram provided good separation of HbA, HbA1c and HbA2 as well 

as of common haemoglobin variants and was considered easier to interpret than the more 

complicated chromatogram from Tosoh G7.  

 

Discussion 
The present study confirmed that Capillarys is a suitable instrument for HbA1c analysis in 

clinical routine with sufficiently good precision to be used diagnostically[10]. It also provides 

data to extend sample stability at room temperature beyond the eighteen hours as stated by 

Sebia [9]. 

 

At the time we performed the method comparison, it became evident that Tosoh G7 produced 

slightly too high results, as the here presented comparisons with Capillarys also suggest. As 

mentioned above, the Norwegian Clinical Chemistry EQA Program advised to factorize 

HbA1c results from Tosoh G7 and G8 by multiplying by the factor 0.955 [11].  

The second comparison method, Tina-Quant HbA1c Gen 3 on the Roche Modular P 

instrument, was by the end of 2014 phased out from the Norwegian market by Roche due to 

poor precision. The data here provided show that the method also had a positive bias. 

 

Sufficiently long sample stability at ambient temperature is important when samples are to be 

sent by post. Sebia states that samples can be stored for 18 hours maximum at room 

temperature [9], which is clearly too short for mailed samples. We found a significant 

reduction in HbA1c concentration after 6-7 days, but samples were stable for up to four days 

of storage at room temperature, which is sufficient for most practical purposes. In the sample 

stability experiment, the same set of samples was used for the room temperature and 

refrigerator studies. Due to scarce volume in several cases, only twelve samples could be 



assayed at both temperatures. Since Sebia states that refrigerated samples can be analysed for 

up to seven days after sampling [9], we prioritized samples for the room temperature part of 

the study to possibly extend the very limited room temperature stability advised by the vendor. 

 

Haemoglobin variants present as important potential interferences in HbA1c analysis. The 

four common variants Hb S, Hb C, Hb D-Punjab and Hb E in the heterozygous states do not 

interfere with Capillarys HbA1c measurements [9;12]. Underestimation of HbA1c in the 

presence of Hb E with Tosoh G7, as shown in the present work, is well documented[12]. 

However, since more than 1250 haemoglobin variants have been reported[13] this is a large 

field to map. Hb Raleigh is a rare variant in which the first amino acid in the mature beta-

globin is changed from valine to alanine, and this alanine is posttranslationally modified by 

acetylation of the -amino group [14;15]. The acetylation renders the amino-terminus of the 

-globin chain resistant to glycation [14;16] but also impacts charge in a manner to make Hb 

Raleigh mimic HbA1c by cation exchange HPLC[14]. Thus, HbA1c can not be used as a 

representative measure of average glucose concentration in the presence of Hb Raleigh. 

Unfortunately, due to anonymization of samples in the present study, we were not able to 

compare HbA1c with any glucose measurements in the patient with Hb Raleigh. We found 

that Capillarys and Modular (immunoassay) gave similar HbA1c values for this sample, 

which is in line with the findings that the variant was not separated from HbA by capillary 

electrophoresis and apparently did not directly interfere with the HbA1c peak. Thus, the 

reported HbA1c values from Capillarys and Modular in the presence of Hb Raleigh may 

represent a correct measure of glycated amino-terminus of -globin as a fraction of total -

globin (Raleigh + wild-type), but this value underestimates average glucose concentration. 

 

In conclusion, Capillarys is a convenient instrument for HbA1c analysis with good separation 

of peaks, making it easy to interpret the electropherogram in most cases. In some cases, as for 

Hb Raleigh, interpretation is difficult whatever instrument is used for analysis. 
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Table I. Imprecision as evaluated by analysis of controls at two levels. 

 

Control Instrument Mean (HbA1c %) CV (%) 

High 

 

Roche Modular P 9.96 1.62 

Tosoh G7 10.01 1.28 

Sebia Capillarys 2 FP 9.47 0.91 

Low 

 

Roche Modular P 6.00 2.10 

Tosoh G7 6.06 0.80 

Sebia Capillarys 2 FP 5.74 1.32 

 

 

 



Figure legends  

 

Figure 1. Instrument comparisons using controls. A; Results from analysis of high and low 

controls are plotted as mean and SD. B; Results from analysis of two controls from the 

Norwegian Clinical Chemistry EQA Program with assigned European Reference Laboratory 

values. Tosoh G7 results were not factorized. 

 

Figure 2. Distribution of HbA1c results of included samples as analysed by Capillarys. 

 

Figure 3. Deming regression and Bland-Altman plots for method comparisons. In the Bland-

Altman plots are shown mean bias and 95% limits of agreement. Samples with haemoglobin 

variants were excluded. Tosoh G7 results were not factorized. 

 

Figure 4. Haemoglobin variants. Panel A; Results of HbA1c measurements for samples with 

heterozygous common haemoglobin variants superimposed on the Deming regression from 

fig. 3 A. Tosoh G7 results were not factorized. The variants are represented by letters; E=Hb 

E/A, S=Hb S/A, D=Hb D-Punjab/A, C=Hb C/A. 

Panels B-E; Capillarys electropherogram (B,D) and Tosoh G7 chromatogram (C,E) for 

heterozygous Hb Raleigh (B,C) and Hb Lepore (D,E).  

 

Figure 5. Sample stability at room temperature (n=24) (A) and refrigerated (n=12) (B) 

analysed by Capillarys. Percentage of measured value at the day of sampling (day 0) is 

presented as means with 95 % CI. 
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Figure 1. Instrument comparisons using controls. A; Results from analysis of high and low 

controls are plotted as mean and SD. B; Results from analysis of two controls from the 

Norwegian Clinical Chemistry EQA Program with assigned European Reference Laboratory 

values. Tosoh G7 results were not factorized. 

  



 
 

 

 Figure 2. Distribution of HbA1c results of included samples as analysed by Capillarys. 

  



 
Figure 3. Deming regression and Bland-Altman plots for method comparisons. In the Bland-

Altman plots are shown mean bias and 95% limits of agreement. Samples with haemoglobin 

variants were excluded. Tosoh G7 results were not factorized. 

  



 
 

 

Figure 4. Haemoglobin variants. Panel A; Results of HbA1c measurements for samples with 

heterozygous common haemoglobin variants superimposed on the Deming regression from 

fig. 3 A. Tosoh G7 results were not factorized. The variants are represented by letters; E=Hb 

E/A, S=Hb S/A, D=Hb D-Punjab/A, C=Hb C/A. 

Panels B-E; Capillarys electropherogram (B,D) and Tosoh G7 chromatogram (C,E) for 

heterozygous Hb Raleigh (B,C) and Hb Lepore (D,E).  



 
 

Figure 5. Sample stability at room temperature (n=24) (A) and refrigerated (n=12) (B) 

analysed by Capillarys. Percentage of measured value at the day of sampling (day 0) is 

presented as means with 95 % CI. 

 


