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1 | INTRODUCTION

The reference ranges for major lymphocyte subpopulations have
varied across previous studies, potentially resulting from differences

Abstract

Background: Ethnicity and environmental factors can influence the percentages of
lymphocyte subpopulations. This study aimed to assess the percentages of lympho-
cyte subpopulations according to age in Thai children.

Methods: This was a cross-sectional study. The percentages of lymphocyte subpopula-
tions were measured in umbilical cord blood and peripheral blood of healthy Thai chil-
dren aged 1 month-15 years. The participants were stratified into five age groups: (a)
cord blood; (b) age < 2 years; (c) age 2-5 years; (d) age 5-10 years; and (e) age 10-15 years.
Results: Of 182 total samples, 32, 39, 41, 28, and 42 were from cord blood, chil-
dren aged <2 years, children aged 2-5 years, children aged 5-10 years, and children
aged 10-15 years, respectively. The percentages of most lymphocyte subpopulations
including CD8 + T cells, CD19 + cells, yd T cells, double-negative T cells, NK cells,
and NK T cells increased significantly with age. Only the CD4+ T-cell percentage
decreased in older children. Moderate correlations were observed between age and
the percentages of CD4+ T cells, y8 T cells, NK cells, NK T cells, and double-negative
T cells. Weak correlations were observed between age and the percentages of CD8+
T cells and CD19+ cells.

Conclusion: Our study demonstrated age-related changes in the percentages of
lymphocyte subpopulations in Thai children, which differed from those described
in other countries. Therefore, the establishment of age-specific reference values for

lymphocyte subsets in each country is recommended.
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in age, gender, ethnicity, and environmental factors." These factors
have varying influences on the percentages of lymphocyte subpopu-
lations. Gender is not an important factor affecting the percentages
of lymphocyte subsets, as shown by many studies.>>8 Ethnicity and
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geography both influence the percentages of lymphocyte subsets
because people in different regions are differentially exposed to in-
fections, as well as environmental and nutritional factors.®>%10 Age
has the greatest impact on the percentages of lymphocyte subsets
compared with other factors. In addition, age-related changes in
peripheral lymphocyte subsets have been demonstrated, espe-
cially during early life. Therefore, it is essential to establish reference
values for lymphocyte subpopulations in various age groups to en-
able appropriate immunological assessments.

Apart from the major lymphocyte subsets, minor lymphocyte
subpopulations, such as gamma delta T cells (y5 T cells) and regula-
tory T cells (Tregs), play many important roles in immunological and
infectious diseases. Reference values for these subpopulations in in-
dividual age groups, particularly in Asian populations, are still lacking.
vd T cells are mainly present in the epithelium where they participate
in early responses to pathogens and contribute to mucosal immune
defense.'®” Multiple lines of evidence have demonstrated the vital
roles of y8 T cells in the pathogenesis of inflammatory bowel disease
and the use of these cells for anti-tumor immunotherapy.'®23 Tregs
also have a central role in various immune responses and are involved
in the pathogenesis of autoimmune diseases, cancer, infectious dis-
eases, and allergic diseases.?*?® Furthermore, immunotherapeutic
strategies using Tregs for treatment and prevention of inflammatory
diseases are very promising.”’31 Since normal reference ranges for
all lymphocyte subsets are essential for diagnosis of immunological
diseases and the basis for further research, this study aimed to de-
fine age-specific references for lymphocyte subsets (CD4+ T cells,
CD8+ T cells, double-negative T cells, y5 T cells, CD19+ B cells, NK
cells, NK T cells, and Tregs) in Thai children.

2 | MATERIALS AND METHODS

This cross-sectional study was undertaken at Ramathibodi Hospital,
Bangkok, Thailand, a tertiary care center, between August 2017
and December 2018. Written informed consent was obtained from
the legal guardians of the study participants prior to enrollment.
This study was approved by the Ethics Committee of Ramathibodi
Hospital and conformed to the principles laid out in the World

Medical Association's Declaration of Helsinki.

2.1 | Subjects and samples

One hundred and eighty-two participants were enrolled in this study.
Thirty-two samples were obtained from the cord blood of healthy
newborns, and 150 samples were obtained from the leftover ethyl-
enediaminetetraacetic acid (EDTA)-treated blood from healthy chil-
dren aged between 1 month and 15 years; the samples were secured
at outpatient clinics during routine healthcare checkups of healthy
volunteer school children. Children who had chronic illnesses, such
as infection, malnutrition, autoimmune diseases, or malignancies, or

who were taking immunosuppressive drugs, were excluded.

TABLE 1 Fluorochrome-conjugated antibodies used in this
study

Markers Fluorochromes

CD3 Fluorescein isothiocyanate (FITC)
CD4 Allophycocyanin (APC)

cD8 APC-eFluor®780

yd TCR Phycoerythrin (PE)

CD19 APC

CD56 PE

CD45 PE-Cy™7

CD25 PE-Cy™7

FoxP3 FITC

Samples were stratified according to the participants' age into
five groups: (a) cord blood; (b) age < 2 years (from 30 days old to
the day before the second birthday); (c) age 2-5 years (from the sec-
ond birthday to the day before the fifth birthday); (d) age 5-10 years
(from the fifth birthday to the day before the 10th birthday); and (e)
age 10-15 years (from the 10th birthday to the day before the 15th
birthday). Cell subtype frequencies were calculated as percentages

of total lymphocyte counts.

2.2 | Immunophenotyping

Cellular phenotypes were analyzed using fluorochrome-conjugated
antibodies. All antibodies were obtained from eBioscience, Inc. The
fluorochrome-conjugated antibodies against cell-surface antigens
were diluted 1:100 and 10-20 ulL of EDTA-treated peripheral blood
were stained for 15 minutes at room temperature protected from
light. Erythrocytes were lysed using a lysis buffer (BD Biosciences)
at room temperature for 10 minutes. The samples were centrifuged
to remove unbound antibodies and then resuspended in phosphate-
buffered saline. The cells were analyzed using a flow cytometer (BD
FACSVerse™, BD Bioscience).

For Treg staining, 10-20 pL of EDTA-treated blood were first
stained with Phycoerythrin-Cy™7-conjugated anti-CD25 and allo-
phycocyanin-conjugated anti-CD4 antibodies (1:100 dilution) for
15 minutes at room temperature. The samples were then incubated
with a fixation/permeabilization buffer (eBioscience) for 15 minutes
as per the manufacturer's protocol. The cells were pelleted, resus-
pended in a permeabilization buffer (eBioscience), stained with
fluorescein isothiocyanate-conjugated anti-FoxP3 antibody (1:100
dilution), and then incubated at room temperature for 45 minutes.
The samples were centrifuged to remove unbound antibodies and
then analyzed by flow cytometry.

The gating strategy for each cell type is described in Table 1. The
gating strategy for each lymphocyte subset was as follows: CD4+ T
cells (CD3+ CD4+); CD8+ T cells (CD3+ CD8+); double-negative T
cells (CD3+ CD4- CD8-); y8 T cells (CD3+ CD4- CD8- vyd TCR+); B
cells (CD3- CD19+); NK cells (CD56+); NK T cells (CD3+ CD56+); and
Tregs (CD4+ CD25+ FoxP3+). All cells (except for the Tregs) were first
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FIGURE 1 Gating strategy for regulatory T cells. A, The lymphocyte population was selected from total cells as determined by the
forward scatter/side scatter plot. B, CD4+ T cells were then selected from the lymphocyte population. C, Regulatory T cells were gated as

CD4+ CD25+ FoxP3+ cells

gated from the CD45+ population and then gated from the lymphocyte
population, as determined from the forward scatter/side scatter plot.
Tregs were first gated from the CD4+ population and then gated from
CD25 + and FoxP3 + cells, as shown in Figure 1. The percentage of each

T cell subset among total lymphocytes was calculated using FlowJo v10.

2.3 | Statistical analysis

The sample size was calculated according to the results of previous

studies.®?33 The calculation was based on the standard deviation of

the percentage of cells in each age group, a significance level of 0.05,

and a power of 80%. Based on this calculation, the required sample

size in this study was approximately 25 samples for each age group.

Baseline characteristics were presented as median percentages

along with 25th-75th percentile ranges. The Kruskal-Wallis test was

used to assess differences between groups. Spearman correlations

were used to analyze the relationships between age and lymphocyte

subset percentages. Correlations were considered weak, moderate, or

strong when Spearman's rank correlation coefficient was <0.4, 0.4-0.7,

or >0.7, respectively. All data were analyzed using SPSS version 23.0

(IBM Corp). Values of P < .05 were judged as statistically significant.

TABLE 2 Percentages of lymphocyte subpopulations in each age group

Cord blood
(N=32)

<2y
Population (N =39)
% CD3+ T cells
% CD4+ T cells

% CD8+ T cells

64.1(57.7-73.0)

42.5(37.0-49.0)

17.1(13.1-24.2)
2.7 (1.7-4.2)

62.2(55.6-66.1)
36.0(29.5-39.8)
18.9 (14.7-23.9)

% Regulatory T cells/ 4.9 (4.2-6.3)

CD4+ T cells

% Regulatory T cells 1.0(0.7-1.7) 1.8(1.3-2.5)

(CD4+ CD25+Foxp3+)

% yd T cells
(CD45+ CD3+ CD4~-
CD8- vy TCR+)

0.6 (0.4-1.0) 3.3(2.4-4.7)

% Double-negative T 1.2 (0.8-1.5) 4.6 (3.7-6.2)
cells
(CD45+ CD3+

CD4- CD8-)

% NK cells
(CD56%)

% NK T cells
(CD3+ CD56+)

% CD19+ B cells

5.0(2.6-10.9) 4.5(3.5-7.2)

0.1(0.0-0.3) 0.2(0.1-0.4)

12.2(8.6-16.0) 17.8(13.3-22.3)

2-5y
(N =41)

64.9 (60.1-69.5)

33.5(30.3-37.5)

21.4(18.7-24.8)
5.9 (4.6-6.9)

2.0(1.5-2.4)

6.1(4.0-8.2)

7.7 (6.0-9.4)

7.6 (5.6-11.5)

0.7 (0.4-1.0)

19.9 (17.5-22.8)

5-10y
(N =28)

62.0(51.8-66.3)

26.8 (24.8-29.3)

21.5(17.4-26.0)
4.6 (3.6-7.3)

1.4(1.1-1.9)

7.4 (5.6-9.9)

10.5(7.6-13.2)

12.6 (8.7-15.4)

0.8 (0.5-1.6)

21.6(19.6-24.2)

10-15y
(N=42)

63.1 (59.3-66.5)

28.7 (26.9-35.0)

23.9 (20.5-25.7)
4.0 (3.2-5.1)

1.0(0.9-1.4)

5.9 (4.5-9.5)

7.6 (5.7-10.8)

14.1 (10.0-17.0)

0.8 (0.6-1.5)

17.1 (14.3-20.4)

P-value

.09
<.01*
<.01*
<.01*

<.01*

<.01*

<.01*

<.01*

<.01*

<.01*

Note: Values were presented as medians along with 25th-75th percentile ranges. Percentages are given with reference to the total number of

lymphocytes.
*Statistically significant at the P < .05 levels.
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3 | RESULTS

One hundred and eighty-two samples were collected from 182 par-
ticipants and stratified into five different age groups: (a) 32 cord blood
samples; (b) 39 samples from children aged <2 years; (c) 41 samples from
children aged 2-5 years; (d) 28 samples from children aged 5-10 years;
and (e) 42 samples from children aged 10-15 years. Of the 150 par-
ticipants (excluding cord blood samples), 71 (47.3%) were female and
79 (52.7%) were male. Females made up 41.0% of participants aged
<2 years, 41.5% of participants aged 2-5 years, 42.9% of participants
aged 5-10 years, and 61.9% of participants aged 10-15 years.

The overall percentages of lymphocyte subsets in the five age
groups are shown as medians along with 25th-75th percentile ranges in
Table 2. Statistical differences across groups are described in Figure 2.

3.1 | T-cell subsets

The percentage of CD3+ T cells remained stable from birth to adoles-
cence, unlike the percentages of CD4+ and CD8+ T cells. The CD4+
T-cell percentage was highest in cord blood and then declined with age
until 10 years of age, with significant differences observed among age
groups. The CD8+ T-cell percentage was the lowest in cord blood and
increased with age. The percentage of Tregs was also the lowest in the
cord blood. These cells increased in frequency during the first 5 years
of life and then declined. The percentage of y8 T cells was similar to the
percentage of double-negative T cells; both were lowest in cord blood,

but then increased with age until 10 years of age.

3.2 | Becells

The percentage of CD19+ cells was lowest in the cord blood, but in-
creased during the first 2 years of life and then remained stable until
10 years of age. After 10 years of age, the B-cell percentage declined
significantly until age 15 years.

3.3 | NKcellsand NKT cells

The percentages of NK cells and NK T cells increased significantly
with age following the first two years of life. The percentages of NK
cells and NK T cells were the highest in the 10-15 year age group.

3.4 | Correlations between age and percentages of
lymphocyte subsets

The percentage of CD4+ T cells was moderately and inversely cor-
related with age, whereas the percentages of y5 T cells, double-neg-
ative T cells, NK cells, and NK T cells were moderately and positively
correlated with age. The percentages of CD8+ T cells and CD19+

cells were weakly positively correlated with age, while percentages

of other cell types (CD3+ T cells and Tregs) showed no correlation
with age (Table 3).

4 | DISCUSSION

The results of our study showed that dynamic changes in lympho-
cyte subset percentages occurred in Thai children from birth to ado-
lescence. Age-related changes in lymphocyte subset percentages
represent important information for the diagnosis of immunological
disorders. When we compared our results with those of previous
studies, we found that age-specific percentages of lymphocyte sub-
sets in different populations varied. Thus, establishment of age-spe-
cific references for lymphocyte subset percentages in each country,
or each population, may be necessary for the accurate interpretation
of lymphocyte subset percentages.

The percentages of CD3+ and CD4+ T cells in our study were
lower than those reported in previous studies from Europe and
the United States.®8153437 However, our results were similar
to other studies conducted in Asian countries.>*?%% The percent-
age of CD8+ T cells calculated here was in line with the results of
previous studies, except that a higher percentage of CD8+ T cells
was detected in a study from India.”®'%>%233 The percentage of
CD19+ cells observed in our study was similar to that of American
children, but slightly higher than that of Dutch, Indian, and Polish
children older than 5 years of age.>¢1>323¢ The percentage of NK
cells observed in our study was similar to that of Indian children®?
but lower than that of Chinese children.”®” However, the percent-
age of NK cells in our study was higher than that of European and
American children older than 5 years of age.6'8*15 Infections such
as dengue virus were proposed to be potential causes of the in-
creased frequencies of NK cells with advancing age, since Thailand
is a dengue-endemic area and most Thai children become infected
before 5 years of age. These findings suggest that ethnicity is not
the only important factor affecting percentages of lymphocyte
subsets. Environmental factors, geographical variation, exposure
to infectious diseases, and vaccinations may be other factors as-
sociated with these differences.*™* Although CD56 was the only
surface marker used to identify NK cells in our study, both CD56+
bright and CD56+ dim cells were classified as NK cells, which in-
cluded the majority of NK cells. These results have been supported
by data for Thai children as reported by Mandala et al?

In addition to the major lymphocyte subsets, vy T cells, Tregs,
and double-negative T cells also play essential roles in immune
responses. Age-specific reference values for these cells are still
scarce. In our study, the percentages of y5 T cells and double-neg-
ative T cells increased with age and reached their highest levels
around 5-10 years of age, in line with the results from a Chinese
study.33 In another previous study, the percentages of these cells
were found to be highest at 2-6 years of age in Italian children.”
Foxp3 is the major transcription factor responsible for the devel-
opment and function of Tregs and has been used as a marker for

these cells.®® In our study, therefore, we established age-specific
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TABLE 3 Correlations between

Spearman’s Spearman’s age and percentages of lymphocyte
Population correlation Population correlation & P R & ymphocy
subpopulations
% CD3 + T cells -.00 % vd T cells (CD45 + CD3+Double 0.67*
Negative TCR vd)
% CD4 + T cells -.55% % Double-negative T cells 0.66*
(CD45 + CD3+Double Negative)
% CD8 + T cells .37 %NK cells (CD56+) 0.56*
% Regulatory T cells/ .08 % NK T cells (CD3 + CD56+) 0.61*
CD4 + T cells
% Regulatory T cells -.13 % CD19 + B cells 0.22*
(CD4 + CD25+Foxp3+)

*Correlation was significant at the P < .01 level.

reference values for Tregs defined as CD4+ CD25+ FoxP3+ cells.
Due to limited data on these cells in different age groups and the
use of different markers in a previous study (CD3+ CD4+ CD25+
CD127+), we did not attempt the frequency of these cells with the
results of other studies.

The percentage of CD4+ T cells, an important marker for mon-
itoring pediatric HIV infections, significantly decreased with age.
Therefore, establishment of reference values for these cells in
each age group is crucial for management of pediatric HIV. Our
findings are supported by the results of Valiathan et al® showing
that the percentage of CD4+ T cells decreased with age until ad-
olescence, increased during adulthood, and then remained stable
in old age. Therefore, the dynamics of these cells in adult and
elderly populations differ from those in children. In addition, no
significant changes were observed with age in the percentage of
CD3+ T cells in our study. These findings were in line with a previ-
ous study conducted in Japan.40 The percentages of CD8+ T cells
and NK cells increased significantly with age, in agreement with
previous studies.®>*° However, dynamic changes in NK cell per-
centages varied between regions. In American children, the per-
centage of NK cells® remained stable from birth to adolescence,
whereas in our study, the percentage of NK cells increased with
age. This conflictis also found in the literature? in studies compar-
ing lymphocyte subsets between American, Malawian, and Thai
children. The percentage of y& T cells also increased with age,
as shown in a previous study, reaching high levels in the periph-
eral blood by age 10 years and then further increasing until age
25 years.*°© We found moderate correlations between age and the
percentage of yd T cells.

The results of our study illustrate the dynamic changes in the
frequencies of T-cell subpopulations that are associated with age in
Thai children. Our study provides preliminary data for the percent-
age ranges of these cells in healthy Thai children. However, there
were also some limitations to our study. We did not define absolute
numbers of each lymphocyte subpopulation. Nevertheless, the per-
centages of lymphocytes can still document age-related changes in
lymphocyte subpopulations. In addition, due to the small sample size
of the study, a future study with a larger sample size is needed to

support our results.

5 | CONCLUSION

In conclusion, differences in the percentages of all lymphocyte
subsets were associated with age and ethnicity. Exposure to infec-
tious diseases and environmental factors may play a pivotal role
in these differences. Therefore, the establishment of reference
ranges for the percentages of all lymphocyte subsets is key for the
development of clinical and diagnostic criteria in immunological
and infectious diseases, as well as for guiding future research in

each country.
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