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Reference values for peripheral
blood lymphocyte subsets
of healthy children in China
To the Editor:
Immunophenotyping of peripheral blood lymphocyte subsets

can provide important information for the diagnosis and treatment
of immunological and hematological disorders. Lymphocyte
compartments undergo dramatic changes during childhood;
age-matched reference values derived from healthy individuals
are crucial and have been evaluated in various ethnic popula-
tions.1-5 However, extensively detailed immunophenotyping
reference values of peripheral blood lymphocytes in whole
spectrum of childhood are rare. Our aim was to determine the
TABLE I. Distribution of the percentage of total T and B cells and the

children (%)

Subset Sex

Group 1

0-28 d (n 5 21)

Group 2

1-6 mo (n 5 104)

Group 3

6-12 mo (n 5 97)

Total T M 68.29 (54.26-80.94)* 63.31 (54.28-71.67) 64.04 (55.32-73.11) 65

F 75.78 (74.15-82.16) 66.61 (57.45-75.22) 67.00 (60.15-72.29) 64

CD4 M 47.70 (41.90-55.58)* 41.96 (33.72-52.43)* 38.36 (28.17-47.74)* 35

F 53.76 (51.37-58.57) 45.13 (37.71-56.05) 44.54 (35.23-51.41) 35

CD8 M 19.10 (16.94-26.18) 18.45 (14.08-24.70) 22.98 (15.88-31.48)* 25

F 19.44 (17.27-27.18) 17.83 (12.61-25.08) 19.00 (14.11-27.77) 21

Total B M 18.69 (7.70-35.29)* 25.25 (17.34-36.03) 22.23 (17.20-29.71) 19

F 9.26 (7.49-17.71) 22.74 (14.71-31.04) 22.21 (16.57-27.65) 20

NK M 8.64 (5.90-15.56) 9.00 (5.89-14.85) 8.88 (5.67-15.90) 12

F 8.26 (6.92-14.19) 8.04 (4.92-13.45) 8.00 (4.84-15.47) 11

DNT M 0.62 (0.33-0.86) 0.64 (0.33-1.12) 0.86 (0.41-1.55) 1

F 0.40 (0.22-0.94) 0.71 (0.40-1.16) 1.05 (0.57-1.53) 1

gdT M 3.09 (2.54-5.30) 4.88 (3.32-7.40) 6.47 (3.95-10.40) 9

F 3.33 (2.52-11.47) 5.58 (3.49-8.29) 5.77 (3.80-9.20) 10

DPT M 0.63 (0.35-3.30) 0.59 (0.33-0.92) 0.44 (0.22-1.23) 0

F 0.79 (0.60-1.56) 0.62 (0.33-1.17) 0.53 (0.31-0.82) 0

CD4/CD8 M 2.28 (1.98-3.10) 2.28 (1.47-3.23) 1.69 (0.93-2.52)* 1

F 2.76 (1.97-3.32) 2.66 (1.62-3.77) 2.36 (1.28-3.40) 1

CD4 Naive M 87.67 (80.47-93.49) 82.40 (69.15-88.10) 78.45 (59.28-88.09) 70

F 87.27 (78.15-90.70) 84.15 (67.52-89.73) 80.30 (65.58-87.86) 67

CD4 CM M 12.11 (6.37-19.02) 15.10 (10.11-28.20) 18.40 (10.15-33.38) 26

F 12.55 (8.94-21.70) 14.50 (9.21-32.18) 16.90 (11.74-32.72) 28

CD4 EM M 0.09 (0.05-0.27) 1.02 (0.28-2.10)* 1.33 (0.42-3.96) 2

F 0.12 (0.05-0.50) 0.70 (0.16-1.82) 1.01 (0.42-2.26) 2

CD4 TEMRA M 0.05 (0.02-0.34) 0.23 (0.00-1.64) 0.30 (0.00-1.49) 0

F 0.05 (0.01-0.25) 0.20 (0.00-0.68) 0.30 (0.00-1.07) 0

CD8 Naive M 88.92 (82.14-96.93) 81.40 (68.90-94.60) 72.50 (47.36-92.45) 63

F 90.20 (84.66-92.62) 80.45 (63.39-94.29) 72.70 (53.16-90.14) 65

CD8 CM M 10.53 (3.01-16.90) 13.05 (5.14-25.55) 11.00 (4.82-24.11) 15

F 8.99 (7.23-11.85) 13.45 (5.51-27.25) 11.30 (7.09-31.70) 20

CD8 EM M 0.05 (0.03-0.53) 0.78 (0.10-4.95) 2.01 (0.20-8.94) 3

F 0.19 (0.06-0.55) 0.64 (0.02-4.74) 2.00 (0.18-7.06) 3

CD8 TEMRA M 0.12 (0.03-0.73) 0.65 (0.02-9.61) 9.30 (0.15-28.32) 15

F 0.24 (0.05-1.16) 0.34 (0.00-10.48) 3.63 (0.12-20.70) 6

Naive B M 87.20 (77.80-92.90) 93.15 (87.55-94.85) 87.80 (75.28-92.77) 77

F 88.75 (70.95-93.72) 92.40 (87.99-94.63) 87.20 (79.08-93.04) 76

Memory B M 2.47 (0.96-3.63) 2.16 (0.99-4.71) 3.96 (1.77-7.06) 7

F 2.93 (1.85-20.45) 2.18 (0.93-4.23) 4.40 (1.24-7.81) 7

Transitional B M 31.60 (9.50-56.50) 19.90 (15.05-29.95) 12.60 (6.04-21.62) 9

F 23.55 (9.83-38.68) 21.45 (11.77-30.45) 13.30 (5.84-18.76) 8

Plasmablasts M 1.30 (0.50-3.40) 1.35 (0.60-3.95) 2.43 (0.71-5.88) 2

F 2.74 (0.39-8.06) 1.70 (0.69-3.42) 2.80 (0.44-7.40) 2

The proportions of CD4 T cells, CD8 T cells, and DPT cells were calculated as percentage

percentages of total T cells; subsets of CD4, CD8 T cells and B cells as percentages of CD

and (10th to 90th) percentiles (lower line).

DNT, TCRab1 CD4 and CD8 double-negative T cell; F, female; M, male; NK, natural ki

*The differences of values between males and females were statistically significant (Wilcoxon ra

970
relative and absolute numbers of lymphocyte subpopulations in
healthy Chinese children from birth to age 18 years.

We recruited1075Chinese children (604males and471 females)
who were grouped into 7 categories according to age: group 1, 0 to
28 days; group 2, 1 to 6months; group 3, 6 to 12months; group 4, 1
to 4 years; group 5, 4 to 8 years; group 6, 8 to 12 years; and group 7,
12 to 18 years. Whole blood was used and staining for
lymphocyte surface markers was performed after red cell lysis,
according to a standard flow cytometric multicolor protocol.
A total of 20 subpopulations were examined: T cells
(CD451SSClowCD31), CD4 T cells (CD451SSClowCD31

CD41), CD8 T cells (CD451SSClowCD31CD81), B cells
(CD451SSClowCD191), natural killer cells (CD451SSClow

CD32CD561/CD161), TCRab1 double-negative T (DNT) cells
ir subsets by age and sex in the peripheral blood of 1075 healthy

Group 4

1-4 y (n 5 289)

Group 5

4-8 y (n 5 271)

Group 6

8-12 y (n 5 158)

Group 7

12-18 y (n 5 135)

.84 (53.88-72.87) 68.00 (60.05-74.08) 66.90 (57.10-73.43)* 66.94 (56.84-75.02)

.17 (53.37-71.91) 67.19 (59.50-75.56) 70.00 (62.06-76.54) 68.01 (61.29-73.13)

.17 (24.08-42.52) 33.26 (26.17-40.76)* 30.21 (24.00-38.72)* 30.80 (22.25-39.00)*

.96 (26.19-45.48) 35.00 (28.49-41.07) 34.09 (28.47-41.39) 34.53 (26.36-40.90)

.04 (19.00-32.51) 26.98 (19.68-34.06) 27.00 (21.01-33.94) 28.58 (21.91-36.80)

.81 (16.29-29.88) 25.28 (19.70-32.04) 27.98 (22.50-32.37) 27.40 (20.99-33.73)

.00 (13.23-26.39)* 14.62 (10.21-20.12) 13.69 (9.19-19.48) 13.00 (8.84-17.76)

.57 (13.93-30.49) 15.65 (10.46-21.77) 13.58 (9.23-18.15) 12.58 (7.73-16.84)

.24 (7.21-20.90) 14.80 (9.00-22.24) 17.00 (10.01-26.98)* 18.06 (10.12-28.34)

.03 (6.53-22.24) 13.77 (7.83-20.99) 13.72 (7.75-23.47) 17.55 (11.43-27.57)

.01 (0.37-1.80)* 1.31 (0.18-2.81) 1.60 (0.82-2.91)* 1.48 (0.61-2.31)

.13 (0.56-2.36) 1.25 (0.19-2.43) 1.32 (0.68-2.16) 1.40 (0.80-2.52)

.80 (4.94-17.98) 12.20 (6.92-19.84) 12.60 (8.10-20.76) 10.80 (6.55-20.28)

.20 (5.07-17.60) 11.30 (7.00-19.60) 12.30 (7.80-23.35) 11.45 (6.40-18.50)

.34 (0.15-1.01) 0.29 (0.15-0.68)* 0.41 (0.23-0.94) 0.37 (0.20-0.80)*

.37 (0.15-0.96) 0.39 (0.22-0.71) 0.51 (0.21-0.92) 0.55 (0.32-1.08)

.44 (0.90-2.13)* 1.25 (0.87-1.94)* 1.08 (0.81-1.66)* 1.03 (0.65-1.65)*

.65 (1.05-2.53) 1.34 (1.02-2.05) 1.24 (0.92-1.73) 1.26 (0.85-1.76)

.30 (46.14-84.40) 62.20 (45.56-75.28) 57.80 (39.72-69.59) 53.20 (39.50-66.26)

.50 (46.42-81.20) 62.85 (40.75-72.70) 58.55 (39.85-71.80) 54.65 (43.30-63.20)

.40 (13.88-48.12) 32.90 (22.06-46.46) 34.55 (24.24-52.73) 37.80 (25.34-49.90)

.85 (17.12-47.60) 32.05 (21.66-52.74) 35.30 (23.25-51.30) 36.50 (30.85-45.25)

.80 (0.94-6.46) 4.30 (2.08-8.78) 6.20 (3.40-11.17)* 8.10 (4.68-15.70)

.50 (0.90-5.17) 4.05 (1.90-9.20) 5.05 (2.65-9.90) 6.75 (4.20-16.25)

.20 (0.00-1.36)* 0.20 (0.00-1.06) 0.25 (0.10-1.29) 0.20 (0.00-1.54)

.10 (0.00-0.50) 0.20 (0.00-1.47) 0.30 (0.07-1.65) 0.40 (0.10-2.10)

.50 (36.80-83.16) 61.30 (41.58-77.90) 55.85 (41.41-73.04) 52.80 (35.34-72.32)

.40 (38.19-86.18) 62.00 (38.03-79.08) 55.05 (36.05-72.25) 53.90 (37.00-69.35)

.80 (5.18-31.66)* 20.60 (12.08-30.54) 24.95 (13.21-37.89) 21.00 (10.96-31.00)

.20 (6.66-34.14) 22.05 (11.91-36.87) 26.70 (13.05-39.45) 24.05 (14.00-36.85)

.40 (0.70-11.22) 4.90 (1.58-13.18)* 5.60 (1.53-15.39) 7.50 (2.38-15.84)

.10 (0.60-12.01) 3.75 (1.11-14.51) 6.60 (2.00-16.75) 5.00 (2.40-15.50)

.50 (0.84-33.02)* 10.30 (1.70-24.62) 8.40 (2.01-21.65) 13.80 (5.08-31.24)

.75 (0.50-24.45) 9.80 (1.30-22.85) 8.60 (1.35-21.50) 12.75 (3.90-27.25)

.60 (65.54-86.62) 64.50 (48.36-75.84) 64.85 (51.84-77.61) 67.26 (53.78-78.64)

.20 (59.59-85.28) 62.35 (52.04-75.78) 64.70 (44.95-75.80) 68.55 (48.38-77.85)

.40 (2.98-14.18)* 12.90 (7.76-19.90) 14.60 (8.96-24.09) 13.50 (7.15-23.10)

.70 (3.60-18.55) 14.20 (8.61-20.19) 13.95 (8.85-22.90) 15.40 (8.94-23.75)

.80 (5.24-17.22)* 6.70 (2.58-12.30) 5.30 (2.50-9.07)* 3.70 (1.38-9.42)

.80 (4.73-15.68) 6.35 (3.41-11.17) 4.30 (1.75-10.30) 3.05 (1.35-5.50)

.00 (0.50-7.06) 2.80 (0.90-7.36) 2.25 (0.70-5.67) 1.80 (0.49-7.06)

.20 (0.60-10.31) 2.45 (0.80-9.75) 2.20 (0.70-7.95) 1.75 (0.46-5.80)

s of total lymphocytes; the proportions of DNT cells and gdT cells were calculated as

4, CD8 T or B cells. Values of each population were presented as medians (upper line)

ller; TEMRA, terminally differentiated effector memory CD45RA1 T cell.

nk sum test was used and a 2-sided P value of<.05 was regarded as statistically significant).
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TABLE II. The numbers of total T and B cells and their subsets by age and sex in the peripheral blood of 1075 healthy children

Subset Sex

Group 1

0-1 mo (n 5 21)

Group 2

1-6 mo (n 5 104)

Group 3

6-12 mo (n 5 97)

Group 4

1-4 y (n 5 289)

Group 5

4-8 y (n 5 271)

Group 6

8-12 y (n 5 158)

Group 7

12-18 y (n 5 135)

Lymphocytes

(3 109/L)

M 4.47 (3.47-6.63) 5.31 (3.68-7.34) 5.89 (3.73-8.76) 4.44 (2.79-6.35) 2.94 (2.28-3.82)* 2.53 (2.02-3.61) 2.44 (1.78-3.44)

F 4.44 (3.27-6.11) 5.12 (4.02-6.45) 5.71 (3.78-8.11) 4.39 (2.98-5.95) 3.04 (2.37-4.29) 2.65 (2.02-3.50) 2.49 (1.76-3.00)

Total T

(cells/mL)

M 3073 (1856-4021) 3488 (2179-4424) 3595 (2187-6352) 2843 (1794-4247) 1989 (1424-2664) 1686 (1325-2276)* 1661 (1184-2144)

F 3636 (2421-4577) 3369 (2766-4068) 3625 (2488-5422) 2778 (1775-3953) 2092 (1480-2847) 1864 (1297-2480) 1617 (1169-2071)

CD4

(cells/mL)

M 2156 (1330-3105) 2279 (1461-3018) 2188 (1125-3768) 1467 (902-2253) 960 (686-1358)* 794 (531-1110)* 776 (522-1084)

F 2548 (1744-3226) 2287 (1890-2988) 2539 (1433-3874) 1518 (948 -2477) 1066 (767-1592) 897 (621-1258) 843 (554-1109)

CD8

(cells/mL)

M 880 (657-1152) 979 (556-1687) 1396 (686-2278)* 1131 (580-1735)* 754 (518-1125) 690 (480-1112) 713 (489-1009)

F 1026 (609-1348) 956 (658-1276) 1059 (710-1843) 979 (531-1521) 773 (553-1127) 714 (509-1050) 672 (423-900)

Total B

(cells/mL)

M 774 (344-2090) 1234 (734-2265) 1302 (916-1832) 822 (461-1456) 423 (280-623)* 350 (216-536) 316 (203-476)

F 466

(292.26-858.94)

1058

(667.15-2044.69)

1226

(807.44-1803.72)

867

(537.11-1464.39)

473

(303.52-777.25)

333

(247.05-578.16)

309 (176.56-415.64)

NK

(cells/mL)

M 350 (267-730) 471 (290-780) 588 (306-896)* 508 (270-1053) 406 (258-727) 423 (246-792)* 425 (210-804)

F 377 (266-602) 411 (221-722) 416 (243-924) 473 (241-978) 432 (227-668) 366 (203-584) 404 (232-789)

DNT

(cells/mL)

M 20 (11-26) 18 (11-45) 29 (16-58) 27 (9-57)* 23 (4-55) 26 (13-48) 23 (12-37)

F 17 (6-35) 23 (13-38) 37 (19-72) 31 (16-58) 26 (4-49) 23 (12-41) 22 (13-44)

gdT

(cells/mL)

M 97 (51-240) 141 (92-279) 238 (128-436) 267 (114-539) 233 (124-410) 210 (124-388) 198 (81-343)

F 139 (71-356) 187 (94-301) 205 (143-409) 283 (128-520) 243 (134-428) 234 (121-462) 176 (85-358)

DPT

(cells/mL)

M 34 (16-121) 28 (16-56) 25 (9-67) 16 (6-50) 9 (4-21)* 10 (6-26) 9 (4-21)*

F 37 (30-70) 31 (19-73) 29 (13-50) 15 (6-50) 12 (6-25) 13 (5-29) 13 (7-30)

CD4 Naive

(cells/mL)

M 1943 (1182-2585) 1839 (1170-2595) 1802 (764-2972) 918 (472-1760) 595 (321-972) 407 (294-683)* 410 (230-627)

F 1982 (1592-2853) 1908 (1433-2546) 1967 (1042-3160) 929 (530-1837) 633 (339-1037) 489 (299-857) 442 (276-654)

CD4 CM

(cells/mL)

M 227 (145-387) 318 (213-647) 362 (206-796) 377 (212-735) 305 (211-478)* 268 (165-475)* 257 (182-403)

F 339 (162-544) 341 (239-676) 384 (236-803) 448 (220-800) 341 (232-601) 317 (219-463) 296 (203-422)

CD4 EM

(cells/mL)

M 3 (1-6) 21 (5-48)* 29 (11-60) 41 (15-87) 40 (23-84) 45 (24-87) 60 (29-117)

F 3 (2-13) 16 (3-42) 23 (12-56) 33 (14-93) 41 (20-97) 42 (24-94) 53 (31-128)

CD4 TEMRA

(cells/mL)

M 2 (1-4) 5 (0-40) 5 (0-33) 4 (0-22)* 1 (0-13)* 2 (0-9) 2 (0-12)

F 2 (0-4) 4 (0-16) 7 (0-23) 2 (0-12) 2 (0-17) 2 (1-15) 3 (1-18)

CD8 Naive

(cells/mL)

M 775 (535-1054) 800 (503-1276) 909 (535-1677)* 653 (356-1095)* 462 (297-730) 380 (245-657) 375 (231-568)

F 892 (519-1205) 741 (484-1009) 726 (461-1235) 589 (295-971) 447 (293-768) 387 (232-665) 328 (210-560)

CD8 CM

(cells/mL)

M 101 (29-140) 124 (41-305) 165 (51-316) 156 (56-406) 158 (85-268) 179 (92-287) 152 (74-228)

F 93 (45-127) 124 (46-256) 131 (59-381) 177 (54-379) 173 (80-350) 178 (100-301) 154 (87-275)

CD8 EM

(cells/mL)

M 1 (0-5) 6 (1-70) 28 (2-120) 39 (6-145)* 38 (10-129) 40 (9-130) 55 (16-109)*

F 2 (1-4) 6 (0-52) 22 (2-116) 28 (4-163) 28 (8-104) 45 (14-157) 35 (13-110)

CD8 TEMRA

(cells/mL)

M 1 (0 -6) 5 (0-133) 146 (2-430)* 154 (9-440)* 80 (11-218) 56 (12-164) 100 (29-269)

F 2 (1-13) 3 (0-109) 54 (1-220) 75 (3-294) 69 (9-210) 64 (11-175) 68 (20-218)

Naive B

(cells/mL)

M 675 (268-1674) 1157 (691-2132) 1146 (726-1626) 629 (323-108) 264 (147-431)* 233 (123-362) 206 (116-347)

F 432 (196-801) 947 (597-1941) 1032 (729-1474) 677 (371-1197) 295 (171-469) 203 (140-381) 185 (98-296)

Memory B

(cells/mL)

M 15 (8-67) 29 (12-54) 51 (22-103) 52 (26-124)* 51 (31-94)* 52 (28-89) 40 (20-86)

F 20 (14-48) 25 (10-44) 52 (16-124) 72 (33-146) 64 (38-115) 51 (30-90) 42 (27-70)

Transitional B

(cells/mL)

M 282 (33-526) 250 (136-464) 164 (65-288) 78 (35-172) 27 (10-66) 18 (7-37) 11 (4-37)

F 95 (36-384) 223 (122-445) 172 (74-266) 70 (33-181) 28 (14-60) 15 (5-37) 9 (3-19)

Plasmablasts

(cells/mL)

M 12 (2-27) 19 (6-42) 33 (9-72) 17 (4-63) 11 (4-28) 7 (3-21) 6 (1-23)

F 18 (1-29) 18 (8-36) 30 (6-109) 23 (4-88) 11 (4-40) 8 (2-36) 5 (1-15)

The total numbers of white blood cells, lymphocytes, and T cells, B cells, NK cells, and their subsets for each age group are shown as the median (upper line) and (10th to 90th)

percentiles (lower line).

DNT, TCRab1 CD4 and CD8 double-negative T cell; F, female; M, male; NK, natural killer; TEMRA, terminally differentiated effector memory CD45RA1 T cell.

*The differences in values between males and females were statistically significant (Wilcoxon rank sum test was used and a 2-sided P value of <.05 was regarded as statistically

significant).
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(CD31TCRab1CD42CD82), gd T cells (gdT, CD31TCRgd1),
double-positive T (DPT) cells (CD31CD41CD81), naive differen-
tiated helper T cells (CD4 Naive, CD31CD41CD45RA1CD271),
central memory helper T cells (CD4 CM, CD31CD41

CD45RA2CD271), effector memory helper T cells (CD4 EM,
CD31CD41CD45RA2CD272), terminally differentiated effector
memory helper T cells (CD4 TEMRA, CD31CD41

CD45RA1CD272), naive differentiated cytotoxic T cells (CD8
Naive, CD31CD81CD45RA1CD271), central memory cytotoxic
T cells (CD8 CM, CD31CD81CD45RA2CD271), effector mem-
ory cytotoxic T cells (CD8 EM, CD31CD81CD45RA2CD272),
terminally differentiated effector memory cytotoxic T cells (CD8
TEMRA, CD31CD81CD45RA1CD272), naive B cells
(CD191CD272IgD1), memory B cells (CD191CD271IgD2),
transitional B cells (CD191CD2411CD3811), and plasmablasts
(CD191CD242CD3811). (See Table E1 in this article’s Online
Repository at www.jacionline.org; information about samples,
subjects, and staining protocol is detailed in this article’s Online
Repository at www.jacionline.org.)

For the T-cell compartment, marked age-specific variations in
the percentages and numbers of CD4 and CD8 T-cell subsets were
observed (Tables I and II). The proportion of naive CD4 T cells
showed a gradual decrease from the median value of 87.67% in
the first month of life to 53.40% in children aged 12 to 18 years,
whereas the percentage of memory CD4 T cells increased (CD4
CM from 12.11% to 37.60%, and CD4 EM from 0.11% to
7.30%). A similar pattern of changes was observed in the relative
proportion of naive CD8 T cells and memory CD8 T cells. The
central memory pool, which is thought to maintain long-lived
T-cell memory in a stem cell-like fashion, constituted most
memory cell subsets in all age groups. Both CD4 and CD8
terminal effector differentiated memory (TEMRA) cells
constituted only a small proportion of T cells in newborns
(median of 0.05% and 0.21%, respectively), rosemarkedly during
the first year of life (median of 0.45% and 8.59%, respectively),
and plateaued in children aged 4 to 18 years (see Fig E1 in this
article’s Online Repository at www.jacionline.org). We found a
clear difference between CD4 and CD8 TEMRA cells. The
CD4 TEMRA remained very low in both percentage and number,
whereas the proportions and absolute number of CD8 TEMRA
were greater. A few CD31CD41CD81 DPT cells could be
detected, which slowly decreased both in relative proportion
and in absolute numbers. Although gdT cells constitute a minor
population of T cells, they play a crucial role in both the innate
and adaptive immunity, as reported byWu et al.6 Here, we showed
that the relative size of the gdT population gradually increased
with age and peaked at 8 to 12 years (median of 12.45%). We
found that the proportion of DNT cells showed a gradual increase
from birth but to no more than a median of 1.5%, while the
absolute number remained relatively stable. To our knowledge,
only few pediatric reference values are available for peripheral
blood DNT-cell levels, and our findings provide useful reference
in the evaluation of autoimmune lymphoproliferative syndrome
and other related diseases.

Naive B cells were the predominant B-cell subset in all age
groups. In particular, the percentage of naive B cells was the
highest in infants aged 1 to 6 months (92.50%), and lowest among
children aged 4 to 8 years (63.90%). The absolute numbers of
naive B cells were high during the first year of life and gradually
decreased, reaching a plateau in children aged 8 to 18 years (see
Fig E2 in this article’s Online Repository at www.jacionline.org).
Memory B cells were scarce in terms of both relative proportion
(median of 2.18%) and number during the first years of life, which
is a plausible explanation for the transient immaturity of the
antibody response against T-cell–independent antigens, which
is characteristic of this period in childhood.7 We found that
transitional B cells, the population of recent emigrants from the
bone marrow, with high expression of IgM and CD38 gradually
decreased with age. The highest median of 24.10% appeared in
the first month of life, and after a rapid fall, a median of 9.3%
was detected in age 1 to 4 years. Plasmablasts were rarely
detected in the peripheral blood, and did not show any obvious
age-related variations during childhood.

We found no statistical difference in the main subsets of
lymphocytes among different geographical groups in China.
A few subsets showed a statistical difference between males and
females, indicating that sex-related factors might influence
lymphocyte development and differentiation. As different lympho-
cyte immunophenotyping strategies were used, we only compared
our data to those of selected major lymphocyte populations in
various published studies. There was no significant difference
found among diverse ethnicities, which was consistent with a
previous meta-study8 (for detailed information, see Table E2 and
Fig E4 in this article’s Online Repository at www.jacionline.org).
Studies on lymphocyte subsets in infants were either of only a
few main cell subsets5,9 or of much less children.6 We gathered
data on 20 lymphocyte subsets of 222 infants, which will be useful
for the immune assessment of infants younger than 1 year.

In summary, the understanding of lymphocyte development
and maturation, as well as of age-related changes in phenotype, is
critical for the recognition of disease. Population and age-specific
reference values of lymphocyte subsets we established should
prove useful for appropriate clinical evaluation and treatment of
pediatric patients in China.
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AllergoOncology: Generating a canine
anticancer IgE against the epidermal
growth factor receptor
To the Editor:
Cancer immunotherapy with antibodies has revolutionized

clinical oncology, giving hope for patients with cancer. Among
these, cetuximab, a mouse-human chimeric antibody, targeting
the human epidermal growth factor receptor (EGFR),1 inhibits
growth signaling and mediates antibody-dependent cell-mediated
cytotoxicity (ADCC) and antibody-dependent cellular
phagocytosis (ADCP)E5,2 of tumor cells. Harnessing TH2 immune
responses against cancer is a subject in the emerging field of
‘‘AllergoOncology,’’ taking advantage of the high capacity of
Crown Copyright � 2018 Published by Elsevier Inc. on behalf of the American

Academy of Allergy, Asthma & Immunology. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
IgE to trigger immune reactions against cancer.3 Unlike
Fcg-receptors, all Fcε-receptors are activating.3 Because
fewer than 1 in 10 anticancer drugs translate from murine
preclinical studies to human clinical trials,4 we focused on dogs
(Canis lupus familiaris) with spontaneously occurring cancer
as potential efficacy models. Mammary carcinomas and
osteosarcomas in dogs and humans frequently overexpress
EGFR.4,5 Also, human and canine immune systems are highly
similar,3 rendering canine clinical trials a promising alternative
to rodent experiments.

We previously developed a caninized cetuximab IgG,
‘‘can225IgG,’’6 which here we engineered into cetuximab IgE,
‘‘can225IgE-l,’’ retaining the exact epitope specificity, but with
the canine l- and ε-constant domains. Can225IgE-l was cloned
using a ligation-free cloning techniqueE13 and expressed in
Expi293F cells on the basis of our previously published method7

(Fig 1, A; see this article’s Methods section in the Online
Repository at www.jacionline.org). The affinity-purified can225-
IgE-l had an apparent molecular mass of 235 kDa (Fig 1, B) and
was correctly assembled (Fig 1, C and D) with low amounts of
free chains.

We confirmed antibody specificity to recombinant human
EGFR by Western blot (Fig 1, E), to native EGFR on human
A431 breast cancer cells (Fig 1, F), to P114 canine mammary
carcinoma (Fig 1, G) and D17 canine osteosarcoma (Fig 1, H)
cells, but no binding to EGFR-negative CHO K1 (control) cells
(Fig 1, I).

Next, we assessed FcεRI expression on effector cell lines. Both
human promonocytic U937 and canine monocytic/macrophage-
like DH82 cells showed moderate to high FcεRI expression
(Fig 1, J and K). Furthermore, canine MPT-1 mast cells showed
relatively lower FcεRI expression (Fig 1, L) compared with
RBL-SX38 rat basophilic leukemia cells transfected with human
tetrameric FcεRI (Fig 1, M). Because no cross-reactive antibody
for canine FcεRII (CD23) was available, we evaluated CD23
expression on canine effector cell lines by RT-PCR. We observed
a more than 1000-fold higher relative CD23 expression by
MPT-1, compared with DH82 cells (Fig 1, N). The can225IgE-
l antibody bound to Fcε receptors on U937 cells (Fig 2, A),
DH82 cells (Fig 2, B), and MPT-1 (Fig 2, C) cells.

Having shown tumor target specificity and recognition of
immune effector cells by can225IgE-l, we next used a tumor cell
killing assayE4 to quantify immune-mediated tumor cell killing by
can225IgE-l via flow cytometry. Tumor cells killed by
cytotoxicity (ADCC) and phagocytosis (ADCP) were counted
separately (for gating strategy, see Fig E1, A, in this article’s
Online Repository at www.jacionline.org). We first used human
A431 as cancer target cells, U937 as effector cells, and human
and dog cetuximab IgGE5 and IgE versions. Both cetuximab
IgG and IgE showed high tumor cell killing potential, mostly
via ADCC (Fig 2, D) mediated by effector cells.

Canine IgE shows a 33 times weaker binding strength to
the human FcεRI compared with human IgE. Accordingly,
can225IgE-l–triggered tumor killing with human effector cells
was significantly lower than that triggered by human
cetuximab-IgE (Fig 2, E). None of the antibodies had a significant
effect on the ADCP of tumor cells (see Tables E1 and E3 in this
article’s Online Repository at www.jacionline.org).

We furthermore evaluated whether can225IgE-l could activate
canine effector cells (Fig 2, F and G; Table E1). In a
time-dependent manner (Fig E1, K), can225IgE-l triggered
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METHODS

Study population
A total of 1189 healthy children (663 males, 526 females) aged 0 to 18 years

were initially recruited in this study. All children were healthy volunteers from4

cities of China: Chongqing, Beijing, Shanghai, and Shenzhen (740 from urban

and 449 from rural areas). The children were considered healthy if they had a

normal nutritional status, no fever, no use ofmedication, no contact with persons

exhibiting symptoms of infectious disease, and no immunizations for at least the

last 4 weeks, received no blood transfusions, and had no history of atopic

disorders, and no evidence of infectious diseases and hematological and

immunological disorders. Blood samples were obtained between September

2014 and June 2015. The study was approved by the medical ethical committee

of each participating center, and written informed consent was obtained from

legal guardians of all study participants in agreement with the Helsinki

Declaration of 1975, revised in 1983.

All participants underwent routine blood tests, liver and renal function

tests, serological test for hepatitis B virus antigen, and real-time PCR for EBV

and cytomegalovirus DNA. Of the 1189 initially recruited, 114 subjects were

excluded for the following reasons: abnormal white blood cell count (n5 49),

abnormal transaminase (n 5 9), EBV/cytomegalovirus infection (n 5 2),

hepatitis B virus antigen positive (n5 17), specimen coagulation (n5 4), and

missing values (n 5 33).

Sample preparation
Whole EDTA-anticoagulated blood samples were obtained by venipunc-

ture, and were quickly transferred to the laboratory and processed within

4 hours of collection. Lymphocyte absolute number was determined from

200 mL of whole blood using a Sysmex XS-800i Hematology Analyzer (Sys-

mex Co., Ltd); 500mL of whole bloodwas allocated for use in flow cytometry.

Antibodies for flow cytometry
The BD Multitest IMK Kit (cat. 340503) was used to define total major

lymphocyte subsets (B cells, CD31 T cells, CD41 T cells, CD81 T cells, and

CD32CD561/CD161 natural killer [NK] cells). The following mAbs were

used to define T-cell subsets (the directly conjugated fluorochromes are given

in parentheses): anti-human CD3 (PerCP-Cy5.5), anti-CD4 (FITC; fluores-

cein isothiocyanate), anti-CD8 (BV510), anti-CD27 (APC; allophycocyanin),

anti-CD45RA (PE-Cy7), anti–T-cell receptor (TCR) ab (PE; phycoerythrin),

and anti-TCRgd (BV421) (all fromBDBiosciences, San Jose, Calif; see Table

E1). The following were used to define B-cell subsets: anti-CD19 (APC),

anti-human CD24 (PE), anti-CD27 (BV450), anti-CD38 (PerCP-Cy5.5),

and anti-IgD (BV510; all from BD Biosciences).

Cell staining and population definition
EDTA-anticoagulated whole blood was split into 3 different panels to define

lymphocyte subsets: (1) the general lymphocyte population: T cells, CD4 T cells,

CD8 T cells, B cells, and NK cells, (2) T-cell subsets, and (3) B-cell subsets. For

each panel fraction, 50 mL whole blood was incubated with a corresponding

antibody cocktail specific for the target cell population. After staining for

20 minutes at room temperature in the dark, erythrocytes in the samples were

lysed by incubation with lysing solution for 5 minutes. Following centrifugation

(500g/2 minutes, room temperature) and washing with PBS, lymphocytes were

fixed with 200 mL PBS containing 1% formaldehyde. Cells were then examined

using a FACSCanto II flow cytometer (BD Biosciences) and data were analyzed

using FACS Diva software. The gating strategy for definition of the T-cell and

B-cell subsets is depicted in Fig E3. The absolute number of lymphocytes in the

samples was calculated using the following formula: absolute number of

lymphocytes3%of lymphocyte subset5 absolute numberof cells in each subset.

Statistical methods
Reference values were determined using median and 10th and 90th

percentiles. Wilcoxon rank sum test was used to test the differences of all

values of the subsets between boys and girls. A 2-sided P value of less than .05

was regarded as statistically significant. We defined the statistic power of test

as 0.9 (1 2 b 5 0.9) in terms of common senses.

DISCUSSION
Age-dependent modifications of the adaptive immune response

are normal steps in the maturation of a healthy immune system.
Thus, recognizing that variations in lymphocyte composition with
age are not aberrant by establishing normal reference values for
the main circulating lymphocyte subsets, especially in regional
populations, is important and has been performed by several
studies throughout the world.E1,E2 In this study, we present the
largest collection of pediatric reference value to date on 20
lymphocyte subpopulations in healthy Chinese children with a
wide age range, from birth through to age 18 years. These refer-
ence values, we believe, are useful for the assessment of the status
of the immune system in many diseases, such as primary immu-
nodeficiency, malignancy associated with bone marrow stem
cell transplantation, rheumatoid arthritis, systemic lupus erythe-
matosus, and asthma.

Our strategy of using an mAb against the CD45 antigen highly
expressed by all lymphocytes permits exact gating and, therefore,
precise definition of the main lymphocyte subsets, and allows
exclusion of debris and other cells. From this starting point, the
study was designed to use a standard flow cytometric multicolor
protocol to identify lymphocyte subsets defined by a fairly
complex constellation of surface markers, and to minimize
procedural and other confounding variables. Measurements
were taken within 4 hours of venipuncture, using the same
sample preparation technique, and using the same type of flow
cytometer and analysis software for the entire duration of the
study. Although others have used isolated PBMCs or thawed
cryopreserved PBMCs to determine different lymphocyte sub-
populations in children,E3 we used the lysed whole blood meth-
od,E4 which, as it is commonly used in routine diagnostic
procedures, could readily be applied as a means for rapidly and
routinely detecting lymphocyte subsets.

We detected a sex effect on lymphocyte subsets; our selected
population showed significant differences in some subsets be-
tween females and males in some age groups. Previous studies
report similar results and hypothesize that sex hormones may
influence the frequency of T-lymphocyte subpopulations.E4-E7

We found that there is no statistical difference in the main subsets
of lymphocyte, such as total T cells, CD41 T cells, CD81 T cells,
B cells, and NK cells among different geographical groups in our
study. But differences can be found in some detailed subgroups
such as memory T cells and memory B cells. It may be that
different history of multiple and diverse challenges, as is expected
in children from different geographical areas, would result in a
different proportion of memory cells development. Several new
B-cell subsets have been characterized that were suggested to
develop in an age-dependent manner and a few studies of the
reference values for B-cell subpopulations have been done re-
cently.E8,E9 There were several B-cell markers that we did not
investigate in this study, such as CD21, CD10, IgM, and IgA,
which meant that some subsets could not be detected and which
would explain why the subsets did not account for the whole
pool of B cells. And some important subgroups of T cell, such
as regulatory T cells and TH17 cells, have not been detected either.
This is a limitation of the study, and further investigations to
determine reference values for more peripheral blood T-cell and
B-cell subpopulations will be required.
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FIG E1. Lymphocyte subset distribution throughout childhood. A, The relative contribution of CD4 and CD8

T cells, B cells, and NK cells among total lymphocytes during childhood. B, The relative contribution of CD4

T-cell subsets among total CD4 T cells during childhood. C, The relative contribution of CD8 T-cell subsets

among total CD8 T cells during childhood. D, The relative contribution of B-cell subsets among total B cells

during childhood. TEMRA, Terminally differentiated effector memory CD45RA1 T cells.
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FIG E2. Age-related changes in the total number of lymphocyte subsets. A, Absolute numbers of lympho-

cytes, total T cells, B cells, NK cells, and the CD4 T-cell, CD8 T-cell, gdT-cell, and DNT-cell subsets. B, Abso-

lute numbers of CD4 and CD8 T-cell subsets. C, Absolute numbers of B-cell subsets. The curve indicates the

lower and upper limits at a confidence level of 0.95. DNT, TCRab1 CD4 and CD8 double-negative T cell;

TEMRA, terminally differentiated effector memory CD45RA1 T cell.
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FIG E3. Flow cytometry gating strategy for T-cell and B-cell subsets. A, Stepwise gating strategy for iden-

tification of gdT cell (CD31TCRgd), naive cytotoxic T cell (CD8 Naive; CD31CD81CD45RA1CD271), terminally

differentiated cytotoxic T cell reexpressing CD45RA (CD8 TEMRA; CD31CD81CD45RA1CD272), central

memory cytotoxic T cell (CD8 CM; CD81CD45RA2CD271), effector memory cytotoxic T cell (CD8 EM;

CD31CD81CD45RA2CD272), double-negative T cell (DNT; CD31TCRab1CD42CD82), naive helper T cell

(CD4 Naive; CD31CD41CD45RA1CD271), terminally differentiated helper T cell reexpressing CD45RA

(CD4 TEMRA; CD31CD41CD45RA1CD272), central memory helper T cell (CD4 CM;

CD31CD41CD45RA2CD271), and effector memory helper T cell (CD4 EM; CD31CD41CD45RA2CD272). B,

Stepwise gating strategy for identification of memory B-cell (CD191CD271), naive B-cell

(CD191CD272IgD1), and transitional B-cell (CD191CD2411CD3811) subsets and plasmablasts

(CD191CD242CD3811). SSC, Side scatter.
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FIG E4. Reference values of absolute counts of lymphocyte subsets in children: Comparison among

different countries. A, Comparison of absolute numbers of total T cells during childhood among China (this

study), the United States (reference 1), Italy (reference 4), and Germany (reference E9). B, Comparison of

absolute numbers of CD41 T cells during childhood among China, the United States, Italy, and Netherlands

(reference 2). C, Comparison of absolute numbers of CD81T cells during childhood among China, the

United States, Italy, and Netherlands. D, Comparison of absolute numbers of B cells during childhood

among China, the United States, Italy, and The Netherlands. E, Comparison of absolute numbers of total

NK cells during childhood among China, the United States, and Italy. *Data represent as median and

10th to 90th percentiles.
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TABLE E1. Surface markers used for analyzing the different subsets of lymphocytes in the peripheral blood

Subset (abbreviation) Anchor marker CD subset measured

Total T cell CD45 CD31/CD192

Helper T cell (CD4) CD45 CD31/CD41

Cytotoxic T cell (CD8) CD45 CD31/CD81

Total B cell CD45 CD32/CD191

NK cell CD45 CD32/CD161/CD561

TCRab1 double-negative T (DNT) cell CD3 CD31/CD42/CD82/TCRab1

gdT cell (gdT) CD3 CD31/TCRgd1

Double-positive T (DPT) cell CD3 CD41/CD81

Naive helper T cell (CD4 Naive) CD4 CD271/CD45RA1

Central memory helper T cell (CD4 CM) CD4 CD271/CD45RA2

Effector memory helper T cell (CD4 EM) CD4 CD272/CD45RA2

Terminally differentiated effector memory CD45RA1 helper T cell (CD4 TEMRA) CD4 CD45RA1/CD272

Naive cytotoxic T cell (CD8 Naive) CD8 CD271/CD45RA1

Central memory cytotoxic T cell (CD8 CM) CD8 CD271/CD45RA2

Effector memory cytotoxic T cell (CD8 EM) CD8 CD272/CD45RA2

Terminally differentiated effector memory CD45RA1 cytotoxic T cell (CD8 TEMRA) CD8 CD45RA1/CD272

Naive B cell CD19 CD272/IgD1

Memory B cell CD19 CD271/IgD2

Transitional B cell CD19 CD241/CD381

Plasmablasts CD19 CD381/CD242

DNT, TCRab1 CD4 and CD8 double-negative T cell.
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TABLE E2. Reference values of absolute counts of lymphocyte subsets (cells/mL) in children: Comparison among different countries

Subset Country Number 0-6 mo 6-12 mo 1-4 y 4-8 y 8-12 y 12–18 y

Total T China 1075 3391 (1885-4954) 3625 (1571-7165) 2816 (1355-4921) 2028 (1254-3216) 1758 (1093-3013) 1649 (999-2607)

USA 699 3930 (2500-5600) 3930 (1900-5900) 3550 (2100-6200) 2390 (1400-3700) 1820 (1200-2600) 1480 (1000-2200)

Italy 195 4040 (3180-5401) 3833 (2284-4776) 3133 (2542-4933) 2580 (1578-3707) 1793 (1239-2611) 1629 (954-2332)

Germany 158 — 6090 (5300-6810) 5470 (5020-6110) 4400 (3230-5040) 3820 (2950-4330) 3530 (2980-3960)

CD4 China 1075 2287 (1217-3422) 2318 (850-4658) 1472 (717-2798) 1001 (546-1768) 839 (496-1479) 781 (391-1421)

USA 699 2850 (1800-4000) 2670 (1400-4300) 2160 (1300-3400) 1380 (700-2200) 980 (650-1500) 840 (530-1300)

Italy 195 3079 (2330-3617) 2492 (1523-3472) 1866 (1573-2949) 1448 (870-2144) 1030 (646-1515) 887 (610-1446)

Netherlands 98 1985 (1249-4012) 2721 (1327-4455) 1469 (925-2477) 1186 (1000-1931) 970 (695-1473) 904 (608-1217)

CD8 China 1075 963 (436-1846) 1212 (472-2874) 1047 (397-2080) 765 (455-1430) 709 (396-1325) 699 (366-1091)

USA 699 1050 (590-1600) 1040 (500-1700) 1040 (620-2000) 840 (490-1300) 680 (370-1100) 530 (330-920)

CD8 Italy 195 1048 (712-1361) 976 (524-1583) 884 (656-1432) 804 (472-1107) 595 (365-945) 518 (282-749)

Netherlands 98 747 (394-1865) 850 (593-1517) 892 (667-1473) 852 (602-1203) 652 (426-991) 447 (228-577)

Total B China 1075 1185 (113-2317) 1254 (522-2175) 839 (359-2037) 443 (231-910) 347 (154-685) 312 (141-534)

USA 699 1550 (430-3000) 1520 (610-2600) 1310 (720-260) 750 (390-1400) 480 (270-860) 300 (110-570)

Italy 195 1032 (315-1383) 1123 (776-2238) 1152 (733-1338) 730 (434-1274) 403 (276-640) 321 (173-685)

Netherlands 98 1623 (961-3679) 1717 (571-3680) 1157 (686-1732) 593 (278-1022) 338 (116-555) 284 (119-578)

NK China 1075 446 (168-1156) 505 (179-1522) 499 (166-1669) 418 (181-1000) 394 (119-1077) 424 (121-1064)

USA 699 420 (170-830) 400 (160-950) 360 (180-920) 300 (130-720) 230 (100-480) 190 (70-480)

Italy 195 1032 (315-1383) 1123 (776-2238) 1152 (733-1338) 730 (434-1274) 403 (276-685) 321 (173-685)

Data of absolute numbers represented as median (upper line) and (10th to 90th) percentiles (lower line). Data sources: China, this study; USA, reference 1; Netherlands, reference

2; Italy, reference 4; and Germany, reference E9.
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