
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iclb20

Scandinavian Journal of Clinical and Laboratory
Investigation

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/iclb20

Analysis of HbA1c using microfluidic card
(Capitainer qDBS card) as a pre-step before
determination of the HbA1c value with an
immunological method

Niclas Rollborn, Anders Larsson & Kim Kultima

To cite this article: Niclas Rollborn, Anders Larsson & Kim Kultima (2024) Analysis of HbA1c
using microfluidic card (Capitainer qDBS card) as a pre-step before determination of the
HbA1c value with an immunological method, Scandinavian Journal of Clinical and Laboratory
Investigation, 84:1, 11-15, DOI: 10.1080/00365513.2024.2303720

To link to this article:  https://doi.org/10.1080/00365513.2024.2303720

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 19 Jan 2024.

Submit your article to this journal 

Article views: 667

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=iclb20
https://www.tandfonline.com/journals/iclb20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00365513.2024.2303720
https://doi.org/10.1080/00365513.2024.2303720
https://www.tandfonline.com/action/authorSubmission?journalCode=iclb20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=iclb20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00365513.2024.2303720?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00365513.2024.2303720?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/00365513.2024.2303720&domain=pdf&date_stamp=19 Jan 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/00365513.2024.2303720&domain=pdf&date_stamp=19 Jan 2024


ReseaRch aRticle

Scandinavian Journal of clinical and laboratory inveStigation
2024, vol. 84, no. 1, 11–15

Analysis of HbA1c using microfluidic card (Capitainer qDBS card) as a pre-
step before determination of the HbA1c value with an immunological 
method

Niclas Rollborn, anders larsson  and Kim Kultima

department of Medical Sciences, Section of clinical chemistry, uppsala university, uppsala, Sweden

ABSTRACT
the objective of the study was to evaluate capitainer’s quantitative dried blood spots (qDBs) card for 
hemoglobin a1c (hba1c) testing. qDBs cards can be used for at-home sampling for hba1c determination 
in a swedish laboratory setting. a total of 153 routine requested hba1c samples were used in this 
evaluation of microfluidic cards (qDBs). the hba1c was extracted from the disc and hba1c was 
determined at cobas 6000 instruments with immunological technology. the results were compared with 
results from traditional venous hba1c testing. the reproducibility of using this elution procedure was 
4.0% measured as coefficient of variation at a hba1c concentration of 51 mmol/mol. analytical 
performance specifications for hba1c < 52 mmol/mol using DBs card (c501) compared with assigned 
values from capillarys 3 was (y) = 1.03 x capillarys 3(x) − 0.87; R2 = 0.97. there is a good agreement 
between hba1c determined by traditional hba1c testing and determination from capitainer’s qDBs 
cards. this shows that the technology could be used for out-of doctor’s office testing.

Introduction

Hemoglobin A1c (HbA1c) is one of the main diabetes 
markers and has a crucial role in the management of 
patients with type 1 and type 2 diabetes [1,2]. HbA1c is a 
marker of the average glucose levels over a two- to 
three-month period. [3]. To measure HbA1c there are sev-
eral different methods available such as ion exchange 
high-performance liquid chromatography (HPLC), boronate 
affinity chromatography, capillary zone electrophoresis 
(CZE), enzymatic assays and immunoassays [4,5]. Both 
HPLC and CZE methods show the presence of hemoglobin 
variants which is of importance when interpreting the results 
but is more time consuming and requires a higher compe-
tence of the staff evaluating the test results. The enzymatic 
and immunoassay-based methods give the operator an 
HbA1c concentration in mmol/mol and the result can be 
automatically validated.

All these methods above are using EDTA-blood, either 
venous or capillary from sample tubes. The most common 
way is to hemolyze erythrocytes in the instrument, but 
increasingly there are recommendations to either dry the 
blood or hemolyze it in a tube on the way to the laboratory 
[6]. Another, and more convenient way, is to use quantita-
tive dried blood spots (qDBS) cards for collecting blood 
samples. Using dried samples facilitates home testing and 
allows the samples to be transported through the regular 
mail service. The dried samples can then be used for HbA1c 

determination in a Swedish laboratory setting. However, so 
far the stability of using qDBS or the results achieved in 
comparison to traditional sampling has not been evaluated.

The aim of the present study was to evaluate quantitative 
DBS-cards (Capitainer qDBS) as a sampling solution for 
at-home sampling for HbA1c determination in a Swedish 
laboratory setting. In contrast to conventional DBS, the 
sample discs in the qDBS solution are pre-cut and the whole 
disc with an exact volume is used for analysis, thereby pro-
viding a standardized sample. Ten µL blood volume as a 
dried blood spot was used and determination of HbA1c was 
performed using clinical chemistry instruments with a 
spectrophotometer.

Materials and methods

Samples

Routine requested HbA1c samples at the Departments of 
Clinical Chemistry, Uppsala, were collected in K2-EDTA 
tubes (364664, BD Vacutainer Systems Plymouth, UK), using 
anonymized samples. A total of 153 samples from Uppsala 
were used in this evaluation of microfluidic cards as a 
pre-step before HbA1c was analyzed using immunological 
technology or capillary electrophoresis. This evaluation was 
approved by the ethical committee at Uppsala University 
(Dnr 01-367).
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Dried blood spot microsampling card

Capitainer qDBS card is a new generation quantitative dried 
blood spot microsampling card based on qDBS technology, 
where capillary blood is metered within the device to 
deliver an exact volume of ten µL to a pre-cut DBS disc 
through a microfluidic channel. Each card collects samples 
in two separate paths (two discs). In this evaluation 
twenty-five µL EDTA-blood was added to each sample well. 
After approx. 10 s the metering process was completed, and 
a red dot appeared above the sample well which the control 
sign for successful sampling was. The card was then left at 
room temperature overnight to dry. The next day all sam-
ples were retrieved by opening the protective tabs on the 
back side of the cards and the dried sample discs were eas-
ily released and transferred to an empty 13 mm polypropyl-
ene tube. Time of elution from dried blood spots has been 
assessed for storage overnight in room temperature up to 
1 month of dryness with samples with known concentra-
tions of HbA1c.

For eluting HbA1c from the DBS discs different methods 
were evaluated to find a procedure which works in a routine 
laboratory situation. For this purpose, seven different qDBS 
cards were evaluated, so that the dried blood was hemolyzed 
in a supernatant solution, and visible rated from 1–10 (see 
Table 1). Rating of one was red disc (no elution had been 
done) and 10 was white disc (total elution had been done). 
Rating was lowest by using incubation for 30 min with 
1000 µL hemolysate buffer without shaking (2 - almost total 
red disc) and highest by pre-preparation of discs with 100 µL 
PBS-buffer before 900 µL hemolysate buffer was added and 
shaken by using vortex for 5 s or a shake table at 300 rpm 
for 30 min (10 - total white disc). The total time for the 
elution procedure was 30 min, where two incubation times 
were included. To evaluate the reproducibility and repeat-
ability of qDBS cards one EDTA blood sample with a known 
concentration of fifty mmol/mol was analyzed on cobas 
6000 using 18 pre-cut filters, which was eluted according to 
the tested elution procedure.

Instruments

The HbA1c from the qDBS card was analyzed immunolog-
ically on cobas 6000 (c501; Roche Diagnostics) using 
Tina-Quant reagent (A1C-3 #05336163190). This reagent 
can be used for blood sample and samples hemolyzed offline 
of the system. The hemolysate step using Hemolysing 
Reagent for Tina-Quant HbA1c (#11488457122) in the ratio 
1:101 (10 µL sample + 1000 µL hemolyzing reagent) 

according to method insert from Roche diagnostics. All rou-
tine samples had a known concentration of HbA1c based on 
routine analyzing with CZE, which was performed at 
Capillarys 3 Tera (Cap3) and the CAPI 3 HbA1c kit (#2515) 
from Sebia (Lisses, France). The Capillarys 3 is the instru-
ment used for routine testing of patient samples at 
Departments of Clinical Chemistry. The instrument is par-
ticipating in the external quality assurance program run by 
Equalis (Uppsala, Sweden).

Correlation between HbA1c blood samples and using 
qDBS cards

A total of fifty-three blood samples were analyzed on the 
Capillarys 3 Tera (reference method in this study) without 
qDBS cards to get a known concentration of HbA1c for 
each sample. These samples were applied to qDBS cards to 
form a dried blood spot on the pre-cut filter. The dried 
blood spot was then eluted according to the tested proce-
dure and analyzed on cobas 6000. The accuracy goal for 
HbA1c in Sweden, as agreed by Swedish external quality 
assurance organization (Equalis) and Swedish Society for 
Clinical Chemistry (SFKK); is that 95% of HbA1c results 
should be within 0.041xHbA1c ± 1.5 (mmol/mol) from the 
assigned value of EQA samples. In this evaluation no EQA 
samples were used, but both Capillarys 3 Tera and cobas 
6000 fulfill this goal in the program [7,8]. Instead of using 
external control material assigned values of HbA1c, 
Capillarys 3 Tera assigned values have been referenced in 
this study.

Method comparison with 2nd generation of Capitainer 
qDBS cards

A total of 100 blood samples were analyzed at Capillarys 3 
Tera and cobas 6000 without qDBS (e.g. whole blood sam-
ples in duplicate). All 100 blood samples were also added 
on 2nd generation of qDBS cards from Capitainer. During 
the time this study was done, Capitainer investigated an 
interference of a blue color which was used in the produc-
tion of qDBS cards, which interfere with wavelengths above 
600 nm (data not shown). Cobas 6000 using bicromatic 
analysis according to insert [9] with primary wavelength of 
376 and secondary wavelength of 660 nm. The secondary 
wavelength of 660 nm will interfere with the blue color from 
the production of filter. In the 2nd generation of qDBS cards 
from Capitainer the production is changed, and the blue 
color is removed from the filter. All 2nd generation filter 

Table 1. testing various kinds of Hba1c elution procedures for dbS card according to visible elution rating.

Prepared 
filter, µl PbS

incubation 
step 1, min

Hemolysate 
buffer, µl

incubation 
step 2, min

incubation step 2 with 
shake (500 rpm), min

vortex, 
second

incubation 
step 3, min

visible eluation rating 1–10
(1= red disc, 10 = white disc)

card 1 x x 1000 30 x x x 2
card 2 x x 1000 60 x x x 2
card 3 x x 1000 x 60 x x 6
card 4 x x 1000 30 x 60 x 8
card 5 x x 1000 x 30 60 x 8
card 6 x x 1000 10 x 5 20 8
card 7 100 10 900 x x 5 20 10

the rating is 1 to 10, where 1 is a red disc and 10 is a white disc after all steps in the procedure.
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were eluted according to the best procedure and analyzed 
with cobas 6000 in duplicate.

Statistical calculations

Statistical analysis (linear ordinary regression incl. correla-
tion coefficient) was performed and calculated by Excel 365 
(Microsoft Corp, Seattle, WA, USA).

Bland Altman plots were used for comparison of HbA1c 
values by using qDBS cards for cobas 6000 and whole 
blood samples for Capillarys 3 Tera. Boxplots were used 
for method comparison of Capillarys 3, cobas 6000 and 
DBS analyzed with cobas 6000 in Figure 3; concentrations 
above 100 mmol/mol are presented in dots since >1.5 IQR 
value, which used for whiskers. As guidelines the accuracy 
goal for HbA1c in Sweden was used in Figure 2 and 
Figure 4.

Results

Elution procedure of micro fluid cards

Different HbA1c elution conditions for the DBS card were 
evaluated according to visible elution ratings (Table 1). 
Compared with dry discs as starting material, the best pro-
cedure was to pre-wet the disc with 100 µL Phosphate-buffered 
saline (PBS, 1x) solution during 10 min, then add 900 µL 
Hemolyzing Reagent for Tina-Quant HbA1c (#11488457122) 
and vortex at speed 10 for 5 s. To manage a larger number 
of samples, the vortex can be changed to shake table using 
300 rpm for 30 min to get the same elution results. After 
30 min (40 min with shake table) the supernatant was ready 
for analysis on the cobas 6000 instrument (Roche Diagnostics, 
Mannheim, Germany).

Storage and Reproducibility testing of micro fluid cards

After one month of dryness in qDBS filter of eight samples, 
the mean HbA1c concentration was 40.0 mmol/mol [37–
47 mmol/mol], while the initial HbA1c concentration had a 
mean value of 37.4 mmol/mol [32–44 mmol/mol]. 
Reproducibility testing of eighteen filters with 50 mmol/mol 
HbA1c showed a mean HbA1c of 51 mmol/mol and CV of 
4.0% according to the tested elution procedure. The bias 
between original measurement and repeated measurement 
one month later was 1 mmol/mol which corresponds to 
approximately 2% (p < 0.01) at 50 mmol/mol.

Correlation between HbA1c assigned value and using 
qDBS cards

The comparison between the assigned values of the 53 
blood samples and using qDBS cards are presented in  
Figure 1. The equation for the correlation between assigned 
values from Capillarys 3 and qDBS (c501) cards was (y) = 
0.98 x Capillarys 3(x) + 5.56; R2 = 0.79. Analytical perfor-
mance specifications using qDBS cards compared to assigned 
values showed a positive bias of 5.5 mmol/mol, which are 

above the national accuracy goal for HbA1c in Sweden for 
Hospital laboratory equipment (see Figure 2).

Method comparison with 2nd generation of Capitainer 
qDBS-cards

The method comparison of 100 routine blood samples using 
Capillarys 3, cobas 6000 and qDBS cards (c501) are pre-
sented in Figure 3. The median for Capillarys 3 was 
49 mmol/mol (qn(0.25) = 36.25; qn(0.75) = 62.75), cobas 
6000 was 50 mmol/mol (qn(0.25) = 38; qn(0.75) = 63) and 
DBS (c501) was 49 mmol/mol (qn(0.25) = 37; qn(0.75) = 66). 
The total coefficient of variance (CV) in percent between 
the duplicates was 1.85 for cobas c501 and 2.13 with qDBS 
(c501). The equation for the correlation between assigned 
values from Capillarys 3 and cobas 6000 was (y) = 0.96 x 
Capillarys 3(x) + 2.14; R2 = 0.99 and for qDBS (c501) cards 
it was (y) = 1.05 x Capillarys 3(x) + 1.68; R2 = 0.99. The 
Swedish Medicines Agency’s treatment recommendation for 
glucose control in type 2 diabetes specifies a target value of 
42–52 mmol/mol [10]. In the range <52 mmol/mol the equa-
tion for the correlation for cobas 6000 was (y) = 0.99 x 
Capillarys 3(x) + 1.13; R2 = 0.97 and for DBS (c501) was 

Figure 2. analytical performance specifications with acceptance criteria for 
Hba1c using dbS card compared with assigned values from capillarys 3 in 
mmol/mol.

Figure 1. correlation between using dbS cards + cobas (y-axis) and assigned 
values using edta blood sample + capillarys 3 (X-axis).
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(y) = 1.03 x Capillarys 3(x) − 0.87; R2 = 0.97. Analytical 
performance specifications using qDBS cards compared to 
laboratory methods showed an agreement up to 75 mmol/
mol, with all samples inside the national accuracy goal for 
HbA1c in Sweden for Hospital laboratory equipment in tar-
get value of 42–52 mmol/mol (see Figure 4). Above 75 mmol/
mol qDBS cards have an increasing bias of 5%.

Discussion

Many patients with diabetes monitor their blood glucose in 
the form of home testing either by continuous glucose mon-
itoring or by analysis of capillary blood samples. Patients 
with diabetes are often elderly and may have problems get-
ting to the primary care center. They also may require 
someone accompanying them which makes the trip to the 
primary care center costly. Previous studies have shown that 
diabetes patients were satisfied with dried blood sampling. 
The patients stated that the sample collection was easy to 
perform and that they preferred home sampling over tradi-
tional venous sampling at a medical center [11,12]. The vol-
umes obtained by capillary samplings should be sufficient 
also for HbA1c testing. It is, however, not possible to send 
vacutainer tubes via regular mail. The use of dried blood 

samples could be sent by regular mail at room temperature, 
and it is expected that the transport time from all parts of 
Sweden would be one to three days at the most. Thus, the 
analytes must be stable at room temperature for at least this 
time and, preferably, longer.

The aim of the present study was to evaluate the new 
quantitative DBS card (Capitainer qDBS card) as a pre-step 
for HbA1c determination in a Swedish hospital laboratory 
setting with the potential to be used for home sampling. 
The use of capillary blood on filter paper to determine 
HbA1c has previously been reported [13], but to have an 
exact volume of blood in each disc using microfluidics tech-
nology is new and enables an easy sampling at home. 
Improved sample quality and volumetric control in DBS, 
have previously been shown to improve analytical quality in 
other types of tests. Relative to liquid blood, the mean bias 
for conventional DBS cards was −32.6% [14].

In this study, we showed that dried blood on the pre-cut 
filter in qDBS cards could be stored at room temperature 
for a month without any decrease in HbA1c values. When 
performing stability testing an acceptable difference of 10% 
is often used. The bias requirements should be lower for 
HbA1c and it is more appropriate to compare with the qual-
ity requirements for the national HbA1c. For a method to 
be used for diagnostics of diabetes type 2 in Sweden the 
instrument used for HbA1c analysis should have a margin 
of error which is less than ± 3.5 mmol/mol at the diagnostic 
limit of 48 mmol/mol. Thus, although the change of HbA1c 
results after one month was significant, the change is clearly 
lower than the national acceptance criteria for method dif-
ferences. The stability data is in agreement with a previous 
study that showed that DBS samples could be stored for 
44 days at room temperature before being analyzed using the 
Roche Tina-quant® II immunoturbidometric assay [15]. A 
previous study showed that concentration of HbA1c (mmol/
mol) in EDTA blood sample tubes decreased in room tem-
perature in a brief period of days [7]. This evaluation also 
showed a variation of 4% in repeatability, but this value 
includes two different steps, which can be the reason for the 
variation, elution procedure and instrument analyzing. 
According to the method sheet for HbA1c generation three 
on cobas 6000 [9], the coefficient of variation can be 
between 1–2%, which indicates that 2–3% in variation will 
be related to the sample storage and preparation procedure. 
In this study, we showed that the hemolysate buffer was not 
efficient in directly eluting HbA1c from the filter paper. 
Thus, the addition of the PBS solution, before adding the 
hemolyzing reagent and vortexing, was needed to elute 
HbA1c from the filter papers efficiently. By analyzing the 
qDBS extracted samples on cobas 6000 and comparing the 
HbA1c results with the assigned value from Capillarys 3 
Tera, using the same EDTA blood samples, the evaluation 
showed a positive bias using qDBS card, higher than the 
accuracy goal for HbA1c in Sweden allows for.

In a previous study, it has been shown that the correla-
tion between HbA1c gen3 on cobas 6000 and Capillarys 3 
Tera has a small positive bias also on liquid blood samples 
[8]. However, even after adjustment for this the calculated 
positive bias using qDBS is still too high for the accuracy 

Figure 3. Method comparison for Hba1c analyzed at capillarys 3 tera, cobas 
6000 (c501) and capitainer 2nd gen dbS cards analyzed at cobas 6000 (c501) 
in mmol/mol.

Figure 4. Method comparison with acceptance criteria for Hba1c using cobas 
6000 with and without dbS card, compared with assigned values from 
capillarys 3 in mmol/mol.
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goal (data not shown). However, the Equalis’ recommenda-
tions about HbA1c [16] have a notice about methods for 
point of care and allow wider boundaries for accuracy goals 
than for laboratory instruments. As qDBS is somehow a 
point-of-care method, it should be compared with this 
group of methods and are thus in parity with these methods 
in terms of accuracy goals. The positive bias could also be 
reduced by introducing a mathematical factor in laboratory 
information systems, which adjusts the result uniformly. A 
notice of this is that in this evaluation, no EQA samples 
have been used, just EDTA samples assigned with Capillarys 
3, but Capillarys 3 have fulfilled these criteria which have 
been shown in Rollborn et.al. [7]. The method comparison 
shows that 2nd generation of qDBS card and analyzing at 
cobas 6000, is similar to analyzing EDTA-blood samples. 
The difference of blue color in the 1st generation and 2nd 
generation qDBS cards from Capitainer had according to 
this evaluation generate a decreasing bias at the determined 
concentrations, which made the 2nd generations of qDBS 
cards comparable to laboratory system, such as Capillarys3 
and cobas 6000.

A limitation of the study is that we compared venous 
blood sampling with dried blood spots from venous samples 
and not capillary samples. However, previous studies have 
shown a good agreement between HbA1c results obtained 
with venous and capillary sampling [13,17].

Conclusion

There is a good agreement between HbA1c determined by 
traditional HbA1c testing and determination from 
Capitainer’s qDBS cards. This shows that the technology 
could be used for out-of doctor’s office testing.
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