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Normal values for percentages of lymphocyte subpopulations and functional responses
to mitogen stimulation in infancy are not well established. In the present study,
lymphocyte subpopulations were examined in umbilical cord blood samples and in
peripheral blood samples drawn before 7 and 24 months of age (mean age 10.4 months)
from a healthy population of infants born in Tucson, Arizona. Results indicate
significant increases occurred from birth to later infancy in the percentages of total T
cells (CD3), T-cell subsets (CD4, CD8) and B cells (CD20). The CD4/CD8 ratio and the
functional responses to ConA and PWM mitogens significantly decreased from birth to
later infancy. PHA responsiveness did not show a significant change. Results from
cross-sectional analyses (n=271) were supported in a smaller longitudinal subset (n=37).
There were no detectable ethnic- or gender-related differences in cord blood or samples
obtained in later infancy. The normal values established in this study will be useful in
studies of immune-system maturation and in the clinical evaluation of newborns,
infants, and toddlers suspected of either acquired or congenital immune-deficiency
states.
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INTRODUCTION

Relatively few studies have investigated lympho-
cyte subpopulations in umbilical cord blood
and/or in peripheral blood during the first 2
years of life. Of these, most included small
sample sizes or did not investigate the relation-
ship between values at birth and longitudinal fol-
low-up (Christiansen et al., 1976; Andersson et
al., 1981; Hicks et al., 1983a, 1983b; Pahwa et al.,
1985; Tainio, 1985; Thomas and Linch, 1983).
Documentation of the maturation of the immune
system is needed as a basis for further studies
examining age-related susceptibility to infectious
agents. The establishment of accurate age-related
normal values would also allow more meaning-
ful immunologic evaluation, at birth and in the
neonatal period, of infants born to HIV seroposi-
tive mothers (Blanche et al., 1989; Rogers et al.,
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1989) and of infants suspected of having a con-
genital immune deficiency.

This study examines lymphocyte subpopu-
lations in healthy infants at birth and within the
first 2 years of life. The present study employs
tests of both lymphocyte numbers and function,
large sample sizes, and (in a subset of the
population) longitudinal data for birth and one
subsequent sample.

MATERIALS AND METHODS

Study Subjects

Infants in this study were born between 1981 and
1984, to parents who were members of a HMO in
Tucson, Arizona. A portion of these infants were
enrolled into the Tucson Children’s Respiratory
Study (CRS), a longitudinal prospective study of
the risk factors for the development of acute and
chronic respiratory disease. Selection criteria and
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characteristics of this healthy population have
been reported (Taussig et al., 1989). Additionally,
cord blood samples collected from infants born
during the same time period (1981-1984) but not
enrolled in the CRS were included in the present
study. All participants signed human subject
consent forms approved by the College of Medi-
cine Human Subjects Committee.

Detailed health information and the oppor-
tunity to analyze peripheral blood samples col-
lected during later infancy were available for the
infants enrolled in the CRS. Therefore, CRS
enrolled and nonenrolled infants were initially
separated to determine comparability with the
CRS enrolled infants referred to as group A and
the nonenrolled infants as group B.
Lymphocyte studies were performed on speci-

mens collected from 271 infants at birth and/or
at the "well baby check" at either 7<9, >9<12,
or >12<24 months of age. Forty-one of the group
A infants had only a cord blood specimen, 37 had
both cord blood and a longitudinal sample
drawn between 7 and 24 months, and 102 had no
cord blood sample, only the specimen drawn
between 7 and 24 months. Cord blood specimens
were obtained from all 91 group B infants.
The number (%) of group A infants in each age

group tested between 7-24 months of age (mean
age 10.4 months, SD=2.6) were as follows: 29
(21%) were tested between 7 and 9 months (mean
age 8.5 months); 81 (58%) were tested between >9
and 12 months (mean age 9.8 months); and 29
(21%) were tested between >12 and 24 months
(mean age 14.4 months).
Group A infants were assigned to one of two

ethnic categories based on maternal self-report;
there were 32 Hispanic infants (both Hispanic
parents) and 148 infants with one or both Anglo
parents. The remaining 7 group A infants were of
other ethnic backgrounds. Ethnicity information
was not available for group B infants.

Laboratory Materials and Methods

Methods of blood collection and laboratory pro-
cedures have been previously described (Hicks et
al., 1981; Kibler et al., 1985, 1986). Bri6fly, blood
was collected in heparin and lymphocyte subset
phenotyping performed on lymphocyte suspen-
sions prepared by a standard density gradient
centrifugation technique (Hicks et al., 1981).
Indirect immunofluorescence microscopy using

monoclonal antibodies for measuring total T cells
[OKT3 (CD3)], T helper cells [OKT4 (CD4)], T
suppressor/cytotoxic cells [OKT8 (CD8)] (Ortho
Diagnostics, Raritan, NJ), and B cells [B1 (CD20);
Coulter Immunology, Hialeah, FL] was used as
described (Kibler et al., 1985, 1986). Smears were
examined with a Zeiss fluorescent microscope
equipped to give epiillumination.
The lymphocyte stimulation method used opti-

mal doses of phytohemagglutinin (PHA, GIBCO,
Grand Island, NY), pokeweed mitogen (PWM,
GIBCO), and concanavalin A (ConA, Calbio-
chem, San Diego, CA) as previously reported
(Hicks et al., 1983a; Kibler et al., 1986). Values are
reported as mean counts per minute (cpm) for
stimulated wells.

Statistical Analysis

Analyses were performed using the Statistical
Package for the Social Sciences, version 4.0, on a
SUN 4 computer system. All variables were
determined to be normally distributed and para-
metric analyses performed. The lower 2.5 and
upper 97.5 percentiles as determined directly
from each frequency distribution were used as
measures of lower and upper limits of normal
values (Elveback et al., 1970). Paired t-tests were
used to test for differences between the cord
blood and 10-month samples. Unpaired samples
were analyzed exclusive of the paired samples
and unpaired t-tests used to determine signifi-
cance. Analysis of variance was used to identify
differences among the age group means and for
gender- and ethnic-specific groups. A two-tailed
p value of less than 0.05 was considered signifi-
cant for all tests.

RESULTS

Males and females were distributed similarly in
groups A and B, with 53% of group A and 55% of
group B male. For the cord blood samples, the
mean of each immunologic variable .for group A
and group B were compared. No significant dif-
ferences were observed except for the lympho-
cyte responses to Concanavalin A (ConA) and
pokeweed (PWM) mitogens. The mean response
for the group A infants was slightly higher than
the group B infants; values in cpmxl03 for ConA
mean+SE group A: 89+5, n=59; group B: 73+5,
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TABLE
Mean Values for Cellular Immune Variables in Cord Blood and
10-Month Samples

Cellular n Cord blood n 10-month
immune mean+SD mean+SD
variables (2.5/97.5) (2.5/97.5)

CD3 (%) 152

CD4 (%) 167

CD8 (%) 167

CD4/CD8 ratio 166

B cells (%) 161

PHA (cpmxl03) 131

ConA (cpmxl03) 124

PWM (cpmxl03) 124

64+11 127 72+8
(42-82) (55-85)
48+10 133 51+8
(25-67) (32-64)
16+7 132 19+6
(6-30) (9-31)

3.5+1.5 131 3.0+0.9
(1-6) (2-5)
15+5 126 17+5
(4-24) (5-23)
89+56 64 79+51f
(3-202) (5-193)
81+41 64 46+28
(2-155) (11-113)
25+17 64 11+11
(2-64) (0.3-37)

aValues from group A and group B pooled and overall value for
both groups given. Group B infants had significantly lower responses to ConA and
PWM mitogen (see Results).

bDeterminations of the lower 2.5 and upper 97.5 percentiles of the frequency
distribution.
CTen-month values represent overall of values obtained from the 7<9, >9

<12, and >12<24 month age groups. There significant differences in
values between these age groups.

dp<0.001.
ep<0.05.
fNS p values for unpaired t-test of cord and 10-month samples.

n=65, p=0.03; for PWM mean+SE group A: 28+2,
n=59; group B: 22+2, n=65, p=0.04.
The means and lower 2.5 and upper 97.5 per-

centiles for each of tle immunologic variables
(%CD3, %CD4, %CD8, %B cells, CD4/CD8 ratio,
PHA, ConA, and PWM mitogens) in cord blood
and the later infancy samples are reported in
Table 1. Group A and group B are combined for
the cord blood values. No significant differences
in mean values were detectable between the
7<9, >9<12, and >12<24 month age groups for
any of the immunologic variables. These age
groups were therefore pooled and designated the
"10-month" sample.
Cord blood and 10-month samples were ana-

lyzed separately for the infants with paired and
unpaired samples. For the paired samples, the
percentage of CD3, CD4, CD8, and B cells all
increased significantly from birth to the follow-
up sample (Table 2). The CD4/CD8 ratio
decreased significantly as well as the lymphocyte
functional responses to CqnA and PWM mito-
gens. No significant change was observed for the
functional response to PHA. Unpaired samples
demonstrated changes similar in direction and

TABLE 2
Longitudinal Change in Cellular Immune Variables from the
Cord Blood Sample to the 10-Month Sample

Cellular n Difference p value
immune mean (SD)
variables

CD3 (%) 36 +10 (11) 0.000
CD4 (%) 36 +6 (12) 0.005
CD8 (%) 35 +5 (8) 0.001
CD4/CD8 ratio 35 -0.6 (1.4) 0.012
B cells (%) 34 +3 (6) 0.005
PHA (cpmxl03) 18 +17 (75) 0.352
ConA (cpmxl03) 18 -40 (50) 0.003
PWM (cpmxl03) 18 -18 (17) 0.000

aThe difference is the 10-month value minus the cord value.
bp value for the change from the cord blood sample to the 10-month sample

determined by paired t-test.

significance to those observed in the paired
samples (Table 1).
Analysis of variance indicated no significant

gender- or ethnic-related effects on any of the
immunologic variables for the cord blood or
10-month samples.

DISCUSSION

The primary findings of this study include a sig-
nificant increase in percentages of total T cells
(CD3), T-cell subsets (CD4 and CD8), and B cells
(CD20) from birth to later infancy (mean age 10.4
months); and significant decreases in the
CD4/CD8 ratio and in the functional responsive-
ness to ConA and PWM mitogens. The impli-
cation that the cross-sectional changes were age-
related was confirmed by similar longitudinal
changes in a subset of infants with matched
samples.

In a previous study, we reported mean values
for cord blood that were very similar to the pre-
sent values for all variables (Kibler et al., 1986).
The methods were similar to the present study
though the sample size was smaller. Thomas and
Linch (1983) demonstrated a CD4/CD8 ratio in
1-week-old infants of 2.8. Our cord blood
CD4/CD8 ratio (3.5) was higher than this neo-
natal value, which suggests that the CD4/CD8
ratio may decrease immediately after birth. In a

sample of 17 healthy infants less than 1 week old,
Pahwa et al. (1985) reported mean percentages of
CD3, CD4, and CD8 cells very similar to our
values for cord blood (63%, 45%, and 20%,
respectively), even though different method-
ologies were employed.
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Mean percentages of CD3 and CD4 positive
lymphocytes (62% and 40%, respectively)
derived from data displayed by Tainio (1986) for
infants at about age 10 months were lower than
the present study (71% and 51%, respectively).
The percentage.of CD8 and B cells in their study
(21% and 16%, respectively) were very similar to
the present mean values (19% and 17%,
respectively). Differences may be due to the
smaller sample size in the Tainio study (n=22-24,
paired samples n=6-13).
Comparison of the 10-month values reported

here to adult values reported previously by
Kibler et al. (1986), whose methods are similar to
the present study, did not reveal any differences
in the percentages of CD3, CD4, B cells, and pro-
liferative responses to PHA and PWM mitogens.
However, the percentage of CD8 cells was lower
in the 10-month samples compared to adults
resulting in a higher 10-month CD4/CD8 ratio.
The proliferative response to ConAwas higher in
10-month samples compared to adults (Kibler et
al., 1986). Thus, maturational changes in values
for CD3, CD4, B cells, and proliferative responses
to PHA and PWM mitogens after birth appeared
to have occurred by 10 months of age, because
the 10-month values were similar to adult values.
The apparent increased responsiveness to

mitogens in cord blood may be associated with
the in vivo state of activation of lymphocytes. It
has been observed that spontaneous DNA syn-
thesis was higher in cord blood (Campbell et al.,
1974). Prindull et al. (1975) also observed higher
numbers of spontaneously labeling cells in cord
blood compared to adult samples.
No ethnic- or gender-related differences were

demonstrated in the present study. Kibler et al.
(1986) did not find any differences in these mean
values between boys and girls in a subset of indi-
viduals included in the present study. Thomas
and Linch (1983) also did not find any differences
in the absolute number of lymphocytes or subsets
between boys and girls, when sampled
neonatally.
Values for the mean percentages of CD3, CD4,

and CD8 (7.3%, 2.9%, and 6.1%, respectively)
reported for nine infants aged 1-18 months with
severe combined immunodeficiency (Davies et
al., 1983) were below th.e lower 2.5 percentiles for
the estimate of the population mean in our 10-
month samples. This lends credence to the contri-
bution of the present study in providing upper
and lower limits of normal for these parameters.

In summary, the results of this study indicated
that different reference ranges should be used to
evaluate the immune system at birth compared to
10 months of age. The normal values established
in this study will be useful for comparison of
infants with infectious illnesses and in the clini-
cal evaluation of newborns, infants, and toddlers
suspected to have acquired or congenital
immune deficiency states.
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