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Abstract 

Objective: Capillary blood has been increasingly used in point-of-care setting for clinical monitoring in immunol-
ogy and infectious diseases. We explored whether percentages of lymphocyte subsets (T-cells; CD3+, helper T-cells; 
CD4+, cytotoxic T-cells; CD8+, B-cells; CD19+, NK cells; CD56+, gamma delta T-cells, and regulatory T-cells) with 
regard to total lymphocyte count from capillary and venous blood of healthy volunteers were in good agreement.

Results: All percentages of lymphocyte subsets with regard to total lymphocyte count from capillary blood were 
significantly correlated with those from venous blood (r ≥ 0.9 for every cell type). However, Bland–Altman plots 
showed high agreement between capillary and venous samples only in those of CD3+, CD4+, and CD8+ cells 
(limit of agreement percentages from mean venous blood < 20%). However, the agreement of percentages of other 
lymphocyte subsets from venous and capillary blood was mediocre. We concluded that capillary blood could be used 
as an alternative for venous blood to determine percentages of CD3+, CD4+, and CD8+ cells with regard to total 
lymphocyte count.

Keywords: Point-of-care, Lymphocyte subsets, Staining and labeling, Flow cytometry, Correlation study

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Introduction
Lymphocyte subset enumeration by flow cytometry is 
widely used in the monitoring of many immunologi-
cal and infectious diseases [1–4]. Patients with human 
immunodeficiency virus infection and those who have 
undergone stem cell transplantation require frequent 
lymphocyte subset enumerations to monitor the pro-
gression of diseases and to guide treatment [2, 5], hence, 
several venipuncture is required. Since venipuncture 
can be difficult in young infants or patients with fragile 
veins, therefore, it would be more convenient if capillary 
blood can be used. Capillary blood has been increasingly 
used as a point-of-care testing because less blood vol-
ume is needed and the technique used to obtain blood 

is simple [6]. A previous study found that numbers of 
T-cells (CD3+), helper T-cells (CD4+), cytotoxic T-cells 
(CD8+), B-cells (CD19+), and NK-cells (CD56+) from 
both venous and capillary blood were highly correlated 
[7]. However, discrepancy in the absolute numbers of 
some lymphocytes from venous and capillary samples 
were also noted [7, 8]. Furthermore, the numbers of 
regulatory T-cells (CD4+CD25+FoxP3+) and gamma 
delta (γδ) T-cells have not been compared using both 
techniques evaluated. Currently, these two lymphocyte 
subsets are increasingly recognized in immunology filed. 
Regulatory T-cells are involved in pathogenesis of several 
autoimmune diseases [9, 10], and sepsis [11]. Changes in 
γδ T-cells are associated with infection or the activity of 
inflammatory diseases [12–15]. If capillary blood is to be 
used for monitoring of these cells, it is essential to deter-
mine whether the numbers of these cells from capillary 
blood can well represent those from venous blood which 
is served as the current gold standard. In this study, we 
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compared percentages of lymphocyte subsets; CD3+, 
CD4+, CD8+, CD19+, CD56+, CD3+CD56+ (NKT-
cells), regulatory T-cells and γδ T-cells, with regard to 
total lymphocyte count in both venous and capillary 
blood samples from healthy adults. We also analyzed 
the agreement of these lymphocyte subset percentages 
between capillary and venous blood samples by using the 
well-established Bland–Altman method which is widely 
used to determine the agreement between two assays 
[16].

Main text
Subjects and blood samples
This study protocol was approved by the Research Ethical 
Committee of Ramathibodi Hospital, Mahidol University 
(ID 09-59-23), and subjects provided written informed 
consents. Forty healthy adult volunteers were enrolled. 
The health status of the volunteers was confirmed after 
complete blood counts were done and a medical exami-
nation by a medical doctor revealed that there was no 
inflammatory process in the volunteers. Non-fasting 
venous and capillary blood samples were collected from 
each volunteer. Venous blood were collected by veni-
puncture from the right cubital fossae, and capillary 
blood was collected from the tip of the right ring or mid-
dle fingers by a standard lancet (the  OneTouch® Lancing 
Device; Lifescan, Inc., CA, USA) with the first drop of 
blood being discarded to eliminate the contamination of 
tissue fluid [17]. Blood samples were collected into potas-
sium ethylenediamine tetraacetate-containing tubes (BD 
Microtainer, Franklin Lakes, NJ, USA). The specimens 
were maintained at room temperature and were pro-
cessed for immunophenotyping within 2 h.

Immunophenotyping by flow cytometry
Lymphocyte subset phenotypes were determined by 
direct immunofluorescence staining with mononuclear 
antibodies (eBioscience Inc. San Diego, CA, USA) as 
following:

Panel 1: anti-CD3-FITC (0.2 μg/μL), Anti-CD4-APC 
(0.012  μg/μL), anti-CD8-APC-efluor780 (0.025  μg/
μL), anti-γδ TCR-PE (0.8  μg/μL), and anti-CD45-
PECy7 (0.05 μg/μL).
Panel 2: anti-CD3-FITC (0.2  μg/μL), anti-CD19-
APC (0.025  μg/μL), anti-CD56-PE (0.025  μg/μL), 
and anti-CD45-PECy7 (0.05 μg/μL).
Panel 3: anti-CD4-APC (0.012  μg/μL), anti-CD25-
PECy7 (0.05 μg/μL).

Ten microliters of blood samples were incubated in 
darkness with the antibody (1:100 dilution) of each panel 
for 15 min at room temperature. Samples incubated with 

the antibody of panels 1 and 2 were then mixed with 
100 μL of red blood cell lysing solution (Lysing Solution, 
BD Bioscience. San Jose, CA, USA) for 5  min at room 
temperature. The samples were then washed and were 
subjected to flow cytometry. Samples incubated with 
the antibody of panel 3 were fixed and permeabilized 
in 100  μL of Fixation/Permeabilization solution (eBio-
science Inc. San Diego, CA, USA) for 30  min at room 
temperature. Samples were then washed with permeabili-
zation buffer (eBioscience Inc. San Diego, CA, USA), and 
incubated in 25 μL of permeabilization buffer containing 
1:50 dilution of Anti-Foxp3-FITC (0.1 μg/μL) for 45 min 
at room temperature. After being washed, the samples 
were subjected to flow cytometry (BD FACSVerse; BD 
Biosciences, San Jose, CA, USA, 2012).

Cells were analyzed by using Flowjo software version 
10 (Flowjo, LLC; Ashland, OR, USA). The gating strat-
egy for each cell type is summarized in Additional file 1: 
Table  S1. Since our study did not use a single platform 
approach, absolute cell count for each lymphocyte sub-
set is not available, and only the percentages of lympho-
cyte subsets with regard to total lymphocyte count will 
be presented.

Statistical analysis
Statistical analysis was performed with SPSS version 20 
(SPSS, Inc., Chicago, IL, USA). Data were first tested with 
Shapiro–Wilk test for normality. The differences of per-
centages of lymphocyte subsets with regard to total lym-
phocyte count between capillary and venous blood with 
normal distribution were analyzed by 2-tailed paired 
t-test and those without normal distribution were ana-
lyzed by Wilcoxon Signed Ranks. The type I error rate 
(alpha level) of < 0.05 is set as statistical significance. 
Correlations between percentages of lymphocyte sub-
sets from venous and capillary blood were analyzed by 
Pearson correlation. To determine agreement of percent-
ages of lymphocyte subsets from venous and capillary 
blood, Bland–Altman analyses were performed. Dif-
ferences between each pair of measurements (capillary 
value − venous value) were plotted on the vertical axis 
against the averages of the pair (capillary value + venous 
value)/2 on the horizontal axis [16]. Bias was the differ-
ence of results between capillary and venous samples. 
Limit of agreement (LOA) was within two standard devi-
ations from the mean bias [16].

Results
Among the 40 healthy adult subjects, 27 (67.5%) were 
female. Their ages ranged from 26 to 57  years, with a 
median value of 31  years. The percentages of lympho-
cyte subsets with regard to total lymphocyte count col-
lected from capillary and venous blood are shown in 
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Additional file  2: Table  S2). The percentages of CD3+, 
CD4+, and CD19+ cells from venous blood were slightly 
higher and that of CD56+ was slightly lower than those 
from capillary blood, the magnitudes of these differences 
were < 10% between each other. The percentages of other 
cell subsets did not significantly differ between venous 
and capillary blood. Pearson correlation coefficients for 
the percentages of all lymphocyte subsets from capillary 
and venous blood were all > 0.8 (Fig. 1a–h).

Bland–Altman bias plots were constructed by plotting 
the differences between the percentages of cells from 
venous and capillary blood against the mean percent-
age values of the two methods (Fig. 2). Table 1 shows the 
Bland–Altman parameters, including ranges, bias val-
ues, and limits of agreement (LOA). The percentages of 
LOA from mean venous values of CD3+, CD4+, CD8+ 
were < 20%, while those of γδ T-cells, regulatory T-cells, 
CD19+, and CD56+ cells were in the range of 20–40%. 

Fig. 1 Correlations of percentages of lymphocyte subsets between venous and capillary blood. Pearson correlation analyses of percentages of 
lymphocyte subsets from venous and capillary blood were performed; a CD3+ cells, b CD4+ cells, c CD8+ cells, d γδ TCR+ cells, e CD3−CD56+ 
(NK−) cells, f CD3+CD56+ (NKT−) cells, g CD19+ (B−) cells, and h CD4+CD25+FoxP3+ (Treg) cells. r represents Pearson r value. 95% confidence 
intervals are provided in the parentheses. The correlations of all cell types were statistically significant difference (P < 0.05)

Fig. 2 Bland–Altman plots for agreement of percentages of lymphocyte subsets between venous and capillary blood. Bland–Altman analyses of 
percentages of lymphocyte subsets from venous and capillary blood were performed; a CD3+ cells, b CD4+ cells, c CD8+ cells, d γδ TCR+ cells, 
e CD3−CD56+ (NK−) cells, f CD3+CD56+ (NKT−) cells, g CD19+ (B−) cells, and h CD4+CD25+FoxP3+ (Treg) cells. Middle dot lines represent 
mean bias values. Upper and lower dot lines represent 95% confidence intervals of upper and lower limits of agreement, respectively
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The LOA of CD3+CD56+ cells showed the highest 
value, exceeding 100%. Individual data of percentages of 
lymphocyte subset are provided in Additional file 3 and 
parameters derived from Bland Altman analysis of each 
lymphocyte subset are provided in Additional file 4. 

Discussion
In this study, the percentages of lymphocyte subsets 
with regard to total lymphocyte count from capillary and 
venous blood were comparable and highly correlated. 
Although there were statistically significant differences 
in CD3+, CD4+, CD19+, and CD56+ cells, the magni-
tudes of differences were sufficiently subtle (< 10%) that 
they are unlikely to exhibit any clinical significance. We 
further analyzed this agreement by using the Bland–Alt-
man method. Currently, the appropriate cut-off LOA 
percentages from mean venous blood of lymphocyte 
subsets to indicate that the results from capillary and 
venous blood are in good agreement if the LOA values 
calculated are below these cut-off values are still not 
known. The ranges of acceptable LOA may be extrapo-
lated from some closely related studies. The Clinical Lab-
oratory Improvement Amendments of 1988 (CLIA-88) 
regulations designated that total white blood cell count 
should not fall outside 15% of the reference value [19]. 
Hollis et  al. [18] found that the LOA percentages from 
the mean venous values of total white blood cell, gran-
ulocyte, and lymphocyte, were all < 20%, while those of 
monocyte count was 40%. In our study, LOA percentages 
from the mean venous blood of CD3+ and CD8+ cells 
were < 15%; that of CD4+ cells was 16%. This was quite 
similar to the study of Sitoe et al. [20] who reported the 
LOA percentage of CD4+ cells from mean venous blood 

of 18%. Our study suggests that capillary blood is a good 
alternative for venous blood to determine the percent-
ages of CD3+, CD4+, and CD8+ cells with regard to 
total lymphocyte count, based on the fact that the LOA 
percentages of these cells were quite low. However, judi-
cious use of capillary blood for monitoring of γδ T-cells, 
regulatory T-cells, NK-cells, and B-cells is suggested, as 
the LOA percentages of these cells were quite high. Cap-
illary blood should not be used for monitoring of NKT 
cells because the LOA percentage of this cell was very 
high (LOA 104%).

In previous studies, the results of agreement of cell 
enumeration between capillary and venous blood were 
varied. Yang et  al. [8] demonstrated that the total and 
large leukocyte counts were significantly higher in capil-
lary than in venous blood. Cracknell et al. [7] found that 
the numbers of most lymphocyte subsets were higher 
in capillary blood. However, these studies did not use 
Bland–Altman method to evaluate the agreement. Fur-
thermore, there have been no studies showing the agree-
ment of percentages of γδ T-cells and regulatory T-cells 
between capillary and venous blood. This study showed 
that the percentages of these two cell subsets did not dif-
fer between the two sources and the correlation coeffi-
cients of the percentages of these 2 cells between venous 
and capillary blood were > 0.9. However, the percentages 
of LOA from Bland–Altman bias plots for these 2 cells 
were slightly high when compared with those of CD3+, 
CD4+, and CD8+ cells; 28 and 23%, respectively. This 
emphasizes that if only the correlation coefficients were 
considered, the results could be misleading. This under-
scores the importance of using Bland–Altman bias plots 
to evaluate agreement of a new method with the standard 

Table 1 Bland–Altman parameters for agreement of percentages of lymphocyte and lymphocyte subsets between venous 
and capillary blood

SD standard deviation, LOA limit of agreement, TCR  T cell receptor

Cells Max 
value

Min  
value

Mean 
venous 
blood

Bias ± SD Bias percentage 
from mean  
venous blood

95% LOA LOA percentage 
from mean 
venous blood

Lymphocytes 46.34 11.99 27.64 − 0.13 ± 3.46 0.48 6.64, − 6.91 24.52

CD3+ 75.69 48.54 64.40 − 1.27 ± 2.47 1.97 3.57, − 6.11 7.52

CD4+ 41.86 19.74 30.87 − 0.96 ± 2.53 3.10 4.01, − 5.92 16.08

CD8+ 41.22 17.08 26.07 0.10 ± 1.57 0.38 3.18, − 2.98 11.80

γδ TCR+ 13.98 0.82 5.23 − 0.11 ± 0.76 2.15 1.37, − 1.60 28.35

CD3−CD56+ 33.81 1.93 14.05 1.19 ± 2.59 8.48 6.26, − 3.87 36.06

CD3+CD56+ 14.5 0.18 2.56 − 0.25 ± 1.37 9.77 2.43, − 2.93 104.71

CD19+ 23.87 7.07 12.62 − 1.17 ± 1.97 9.27 2.68, − 5.02 30.53

CD4+CD25+Foxp3+ 10.5 2.63 5.93 − 0.17 ± 0.71 2.93 1.22, − 1.57 23.47
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method. Several reasons may explain the discrepancies in 
the percentages of lymphocyte subsets between the two 
sources. Squeezing the fingertip before puncture [8, 21] 
or the presence of tissue injury, which can induce adhe-
sion of lymphocytes to capillary bed [22], may contribute 
to this discrepancy. This emphasizes the importance of 
practicing good techniques in obtaining capillary blood 
samples. Injury from fingertip puncture should be as 
minimal as possible by using appropriate lancets. Good 
blood flow after puncture should be obtained to mini-
mize the need of squeezing.

The strength of our study is that we used Bland–Alt-
man analysis to determine the agreement of percentages 
of lymphocyte subsets from venous and capillary blood. 
To our knowledge, apart from percentage of CD4+ 
T-cells [20], the agreement of percentages of other lym-
phocyte subsets has not been previously reported. Our 
results showed that capillary blood could be used as an 
alternative for venous blood to determine percentages 
of CD3+, CD4+, and CD8+ cells with regard to total 
lymphocyte count. These data will support point-of-care 
assays using capillary blood as samples [23, 24]. Because 
mobile flow cytometers are currently available [25], sam-
ples from capillary blood should facilitate point-of-care 
testing purposes for enumeration of CD3+, CD4+, and 
CD8+ cells which are frequently monitored in many dis-
eases. However, additional studies are warranted before 
capillary blood can accurately be used as an alternative 
for venous blood for enumeration of percentages of γδ 
T-cells, NK-cells, B-cells, and regulatory T-cells as the 
agreement of the percentages of these cells with regard to 
total lymphocyte count is still mediocre.

Limitations

• Study was performed within a small number of sub-
jects, and repeated measurements were not per-
formed.

• Study did not include various subject categorizations 
based on age, sex, and underlying hematological or 
immunological diseases.

• Absolute lymphocyte count could not obtain 
from this study as we did not use a single platform 
approach. Complete blood count is needed to enu-
merate the total count of each lymphocyte subset.

Application of capillary blood for lymphocyte subset 
enumeration with mobile flow cytometer as a point-of-
care setting is promising but needs further validation 
before implementation.

Supplementary information
Supplementary information accompanies this paper at https ://doi.
org/10.1186/s1310 4-019-4659-4.

Additional file 1: Table S1. Gating strategies for all lymphocyte subsets. 
All cells were initially gated from the CD45+ population, and then gated 
from the lymphocyte population, as determined by FSC/SSC plot. 

Additional file 2: Table S2. Head to head comparison of median and 
mean percentages of lymphocyte subsets with regard to total lymphocyte 
count in venous and capillary blood (n = 40 for both capillary and venous 
blood samples). 

Additional file 3. Individual data of percentage of each lymphocyte 
subset with regard to total lymphocyte count both from capillary and 
venous blood samples. 

Additional file 4. Summary of data from Bland Altman analysis.
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