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ABSTRACT

Associations between major psychologic stressors and immune
function have been documented in previous research, but few
studies have investigated immune changes attending minor, norma-
tive stressors. This study examined adrenocortical and behavioral
predictors of immune responses to starting kindergarten in 39
five-year-old children, who completed laboratory visits for veni-
punctures 1 wk before (time 1) and 1 wk after (time 2) school entry.
At time I, children were also immunized with pneumococcal vac-
cine. Immune responses were measured as change scores for T
(CD4™" and CD8™) cells, B (CD19") cells, lymphoproliferative
responses to pokeweed mitogen (PWM), and type-specific pneumo-
coccal antibody responses (ABR). Adrenocortical response was
assessed as the change in salivary cortisol level, and behavioral
difficulty with school adjustment was scored using parental ratings
of behavior problems, stress due to changes in routines, and degree
of adaptive challenge. Salivary cortisol rose after kindergarten entry
(means = 0.39 *£ 0.28 to 049 = 0.36 pg/dL, p = 0.03) and was
unrelated to behavioral difficulties. CD4™ cells increased in number,
whereas PWM declined, and CD19" cells showed a borderline
increase. Change in salivary cortisol was positively associated with
change in CD19* (ACD19") and inversely related to ABR. Scores
for behavioral difficulty were inversely associated with ACD4™* and

Among the most striking and reliable epidemiologic features
of disease in childhood populations is the uneven, nonrandom
character of morbidity distributions. Approximately 15-20%
of children incur the majority of iliness visits in primary care
settings and sustain over 50% of the overall population mor-
bidity (1, 2). This maldistribution of pediatric morbidity and
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ACD19™. These data suggest that: /) school entry is a stressor
capable of evoking elevations in cortisol and behavior problems,
accompanied by shifts in functional and enumerative measures of
immune status; and 2) children with greater adrenocortical reactivity
have increases in B cell numbers and less effective B cell-mediated
antibody production, whereas children with more behavioral diffi-
culties show declines in all T and B cell subsets. (Pediatr Res 38:
1009-1017, 1995)

Abbreviations
ACD4", ACD8*, ACD19*, change in CD4*, CD8*, CD19*
cell subsets
APWM, change in lymphoproliferative response to pokeweed
mitogen
Acort, change in salivary cortisol
AOD, change in OD
FACSCAN, fluorescence-activated cell sorter
HEPES, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
HPA, hypothalamic-pituitary-adrenocortical axis
PPS, pneumococcal polysaccharide

care utilization persists even when school children are allowed
to make independent care-seeking decisions (3). Further, there
1s evidence that patterns of disproportionately high morbidity
continue beyond childhood in some individuals, and a subset of
frequently ill pediatric patients become high utilizers of health
care in adult patient groups (4-7).

Among the plausible explanations for unevenness in the
distribution of pediatric morbidity is the possibility that some
children sustain disproportionate rates of illness and injury as
a consequence of greater exposure to psychologic stressors (2,
8). This explanation has been supported in recent years both by
epidemiologic evidence for reliable stress-morbidity associa-
tions (9—-11) and by psychobiologic evidence that pathophys-
iologic changes can accompany emotional stress (12-14). In-
vestigators have documented relationships between stressors
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and a range of pediatric morbidities, including infections (15,
16), chronic health conditions (17, 18), minor and severe
injuries (19, 20), and psychiatric or behavioral disorders (21,
22). Further, links have been demonstrated between stressful
experience and a variety of biologic changes with pathogenic
consequences, including neuroendocrine disturbances (23),
changes in cardiovascular function (24, 25), and altered im-
mune competence (26, 27).

New research examining the effects of psychologic stressors
on immune function, for example, has substantially augmented
the biologic plausibility of stress-infection associations noted
in epidemiologic studies (28). In a program of study carried out
primarily in adult subjects, investigators have documented
effects of acute stressors, such as academic examinations or
conjugal bereavement, on a variety of immune measures,
which have included natural killer cell activity, the relative
proportion of CD4" (helper) and CD8" (suppressor) T cells
v-interferon production, and lymphocyte proliferation in re-
sponse to mitogen stimulation (29-31). Other studies, in both
adults (31, 32) and children (33), have now linked stress-
induced alterations in immune competence to rates of acute or
recurrent infectious illnesses.

Despite consistent findings implicating stress in the patho-
genic processes such as immunomodulation, the magnitude of
stress-illness associations has remained disappointingly small,
suggesting marked variability in children’s behavioral or bio-
logic responses to stressors. Individual differences in psycho-
biologic reactivity have been studied as means of assessing
vulnerability to stressors and as a possible account for vari-
ability in rates of stress-related disease (34, 35). The prior work
of Boyce et al. (12), Sallis et al. (36), Alpert and Wilson (37),
and Matthews et al. (38) suggests the existence of marked
differences in children’s cardiovascular, neuroendocrine, or
immunologic reactivity to stressors, and recent studies have
linked exaggerated reactivity to increased illness or injury rates
under conditions of naturally occurring stress (33, 39-42).

Among the difficulties in assessing psychobiologic reactivity
in children is the invasiveness often inherent in measuring
biologic parameters, and the lack of a standardized paradigm
for evaluating effects of a normative childhood stressor. The
current study was designed to address both difficulties by using
behavioral reactivity and a noninvasive measure of adrenocor-
tical reactivity—salivary cortisol—to predict changes in im-
mune status after the normative stress of beginning school. Past
studies have documented the validity of salivary cortisol de-
terminations in young children (43, 44), and increases in
salivary cortisol have been shown reliably to accompany di-
verse physical and emotional stressors (45-52). Further, the
intensity of a noxious event has proved predictive of the
magnitude of salivary cortisol responses (53), and glucocorti-
coids are known to affect leukocyte circulatory kinetics and
cell functions (54, 55).

Although evidence is more limited, behavioral responses to
stressors have also been associated with stress-related alter-
ations in immune function (56, 57) and with immune-mediated
disease processes (41). Positive associations have been dem-
onstrated between behavioral and cortisol responses to stres-
sors (51), but dissociations between behavioral and adrenocor-
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tical responses have also been found in human infants after
acute stressors such as inoculation, heelsticks, or discharge
exams (48, 51). _

Finally, starting school is recognized as a universal child-
hood stressor, involving a range of cognitive, emotional, and
interpersonal challenges (58, 59). Beginning school is also
reliably accompanied by both an escalation in pathogen expo-
sure and an acceleration in rates of clinical and subclinical
infectious disease (60). For all of these reasons, we studied five
year old children beginning kindergarten as a model for as-
sessing biobehavioral changes that may accompany a norma-
tive stressor. We also examined whether behavioral and adre-
nocortical responses were associated with immunologic
changes, which might plausibly attend the stress of beginning
school. Specifically, we hypothesized that: /) alterations in
salivary cortisol and immune parameters would be found in
pre- to postkindergarten entry measures and 2) children exhib-
iting greater cortisol and behavioral reactivity to the stressor
would show greater immunologic changes.

METHODS

Subjects. A sample of 39 five-year-old children (mean age
= 62 mo, range = 57-69 mo) was recruited as a subset of
subjects in a larger study examining immunologic responses to
the stress of starting kindergarten and subsequent respiratory
illness incidence (33, 39). (Subjects for the current study
represented the third cohort in the larger, 3-y, three-cohort
project.) Children studied in the present project were those
enrolled during the 3rd y of the larger study. The sample
comprised 20 boys and 19 girls, with an ethnic distribution of
23 white, 8 African-American, 4 Asian, 3 Hispanic children,
and 1 child of unknown ethnicity. Children taking medications
and those with chronic medical conditions such as asthma,
diabetes, sickle cell anemia, and juvenile rheumatoid arthritis
were excluded from enrollment. Parents and children volun-
teering for the study were largely from educated, middle class
families, with maternal education levels ranging from 10 to 22
y (mean = 16 y). All study procedures were approved by the
University of California Committee on Human Research, and
informed consent was obtained from each family.

Design. Each mother-child pair made two laboratory visits
over a 2-wk period: the first visit 1 wk before the start of
kindergarten (time 1) and the second 1 wk after school entry
(time 2). At time 1, a venous blood sample was obtained, and
children were immunized with 0.5 mL of 23-valent pneumo-
coccal vaccine (Pneumovax). Blood was transferred immedi-
ately to acid-citrate-dextrose, EDTA, and silicon tubes and
transported at room temperature to our laboratory. Parents
were instructed at time 1 in the home collection of approxi-
mately 1 mL of saliva on the day after the laboratory visit.
Saliva was collected by the parent with a soft plastic pipette as
the child sucked on a piece of hard candy; samples were frozen
until delivery to the laboratory at time 2. To preclude measur-
ing exogenous cortisol present in milk or milk products (61),
no saliva collections were carried out within 30 min after
eating a meal or drinking milk. The day preceding the time 2
visit, the parent collected and froze a second saliva sample.
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This second sample was obtained at the same time of day
(within 15 min) as the collection time for sample 1, to avoid
confounding related to normal circadian variation in cortisol
secretion. The paired collection times ranged from 0600 to
0900 h, and 60% of the samples were collected before 1000 h.
Both saliva samples were brought frozen to the time 2 labora-
tory visit. At time 2, a second venous blood sample was
collected, and parents completed a brief questionnaire report-
ing on their child’s behavioral adjustment to starting school. As
was true for all children in the larger project, symptoms and
signs of respiratory illnesses were ascertained for subjects in
the present study from parent questionnaires administered ev-
ery two weeks beginning at time 1 for a 12-wk period. Except
as they pertain to cortisol and immune measures in period
surrounding school entry, the respiratory illness measures are
not discussed further here, but will be the subject of subsequent
reports.

Behavioral difficulty. Parents completed a questionnaire 1
wk after kindergarten entry addressing three aspects of their
child’s behavioral adjustment to school. First, a 20-item check-
list was used to report on the appearance of reactive behavior
problems that the parent deemed related to starting school.
These included a variety of both internalizing and externalizing
behavioral symptoms, such as excessive crying, separation
difficulties, sleep disturbances, unusual aggression, temper tan-
trums, or school refusal. Second, parents completed a 5-point
scale describing the level of difficulty experienced by the child
due to school-related changes in daily routines. Third, a 5-point
scale was used to estimate the degree of difficulty in the child’s
overall adjustment to starting kindergarten. Scores on each of
the three scales were standardized and summed, creating an
aggregate index of behavioral difficulty with school adjust-
ment.

Cortisol. Saliva samples were stored at —20°C until ana-
lyzed. All samples were assayed in a single batch to avoid error
from interassay variation. One person assayed all samples in
duplicate to quality control standards using a modification of
the Amersham International Amerlex cortisol RIA kit proce-
dures. This assay is highly sepsitive and specific to cortisol,
with inter- and intraassay coefficients of variation averaging 7
and 4%, respectively. Cortisol reactivity to the stress of begin-
ning school was measured as the change (A) score computed
by subtracting the time 1 cortisol from the time 2 value.
Positive scores thus reflected an increase in cortisol levels after
school entry, whereas negative scores reflected a decline.

Immune assays. Immune reactivity to the stress of starting
school was also measured as a A score, computed by subtract-
ing the immune measure at time 1 from that at time 2. As with
cortisol reactivity, positive scores reflected an increase or
up-regulatory change in the immune parameter, whereas neg-
ative scores denoted a decline or down-regulatory change.
Immune measures were selected to be broadly representative of
the child’s immune status, and assays thus included enumera-
tive and functional measures of both cellular and antibody-
mediated components of immune competence. Enumerative
assays were: quantitative counts of T cell subsets for CD4™
(helper/inducer) and CD8* (suppressor/cytotoxic) cells and of
the number of CD19™ (B lymphocyte) cells. Functional mea-
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sures were lymphocyte proliferative responses to PWM and the
number of positive serum antibody responses to PPS vaccine.

For the purposes of cellular studies, the mononuclear cell
fraction was isolated by centrifugation on a Ficoll-Hypaque
density gradient. Responses to PWM were determined by
culturing peripheral blood mononuclear cells at 5 X 10°/mL in
RPMI supplemented with 15% FCS, 25 mM HEPES, 2 mM
glutamine, 100 ug of streptomycin, and 100 U of penicillin/
mL. Two hundred microliters of peripheral blood mononuclear
cells were added to round bottomed microtiter plates and
incubated with PWM (Life Technologies, Inc.) at 5 and 10
pL/mL in 5% CO,. After a 4-d incubation period, cultures
were labeled with tritiated thymidine and harvested onto glass
fiber filters. Enumeration of CD4", CD8™, and CD19" cells
was performed on 5,000 cells in 100 uL of whole blood, using
the FACSCAN and MAb from the Coulter Laboratories. Ac-
tual numbers of T cell phenotypes were then derived by
multiplying the percentages of CD4 ", CD8™, and CD19™ cells
by the absolute lymphocyte count.

Antibody response to PPS was measured in our laboratory
by a modification of the method published by Koskela (62).
Briefly, ELISA plates were coated with PPS antigen (types 3,
4, or 19) at 10 pg/mL in carbonate buffer, pH 9.6. After
overnight incubation at 4°C, the plates were washed in PBS/
Tween, blocked with 0.25% BSA plus NaN,, washed, and
incubated for 1 h at 37°C with a 1:200 dilution of pre- and
postimmunization serum samples. The plates were then
washed and incubated (1 h at 37°C) with a 1:1000 dilution of
horseradish peroxidase-conjugated goat anti-human IgG, IgA,
or IgM. The substrate used was o-phenylenediamine dihydro-
chloride. OD was measured at 492 mn on the Bio-Rad ELISA
reader, and the results were expressed as AOD between pre-
and postimmunization samples. Any increase in OD greater
than 0.250 was considered a positive response, and antibody
response scores were expressed as the number of positive
responses out of six antibody assays (IgG, IgA, and IgM
antibody to PPS3 and PPS4). This approach to scoring was
based on prior evidence that primary antibody responses to
pneumococcal antigens can occur in any of the three immuno-
globulin subclasses and that responsivity can be most accu-
rately assessed using isotype responses to more than one
polysaccharide antigen. PPS3 and PPS4 were selected because
of type 3’s strong antigenicity and type 4’s weaker antigenic-
ity, which together provide a broad assay of type-specific
antibody responses to vaccine.

Statistical analysis. After examination of frequency distri-
butions for independent and outcome variables, ¢ tests were
conducted to compare time 1 and time 2 means. Two-tailed
Pearson correlation coefficients were then calculated as mea-
sures of 7) associations among independent variables and 2)
the bivariate relations representing the principal study hypoth-
eses. To take into account diurnal variation in salivary cortisol
measures, partial correlations controlling for collection time
were used to confirm all reported associations involving cor-
tisol measures. Finally, multiple linear regression models were
used to examine possible interactions between behavioral dif-
ficulty and cortisol reactivity in predicting immune responses
after school entry.
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RESULTS

Table 1 displays the distribution characteristics for indepen-
dent and outcome variables, along with the corresponding A
scores and results of ¢ tests for differences between time 1 and
time 2 values. Time 2 scores for behavioral difficulty in
adjusting to school reflected moderate distress. An average of
three new, reactive behavior problems were reported by par-
ents, and difficulties due to school-related changes in routine
were given a mean score of 3.4 on the 1-5 scale. Overall,
difficulty in adjustment was rated by parents at a mean of
approximately 2 on a 1-5 scale. Only 8% of parents reported
no new school entry-related behavior problems or recorded a 1
(“none”) in rating children’s distress due to changes in routine.

Salivary cortisol levels significantly increased from a time 1
mean of 0.39 ug/dL to a time 2 mean of 0.49 ug/dL, consistent
with a moderate activation of the HPA in response to the stress
of kindergarten entry. As shown in Figure 1, A and B, more
striking than the group increase in mean salivary cortisol level
was the extensive individual variability in cortisol values at
times 1 and 2. Children followed a broad range of individual
trajectories, some showing sharp increases in cortisol levels,
whereas others showed no increase or even a decline.

Although considerable variation was also found for mea-
sures of immune status at both time points, all values remained

Table 1. Distributions of independent and outcome variables
(n = 39) and t tests for changes, time I to time 2

Variables Mean * SD Range
Behavioral difficulty (time 2)
Reactive behavior problems 29+26 0-11
Change in daily routines 3414 1-5
Difficulty in adjustment 1.7 £ 0.8 1-3
Combined score -0.1 2.1 —3.9-6.0
Cortisol response (ug/dL)
Salivary cortisol, time 1 0.39 = 0.28 0.05-1.05
Salivary cortisol, time 2 0.49 + 0.36 0.05-1.30
ACortisol 0.10 = 0.28* —0.72-0.85
Immune responses
CD4*, time 1 (cell/mm® X 10%) 1.19 £ 0.39 0.61-2.44
CD4™, time 2 1.30 = 0.49 0.53-2.69
ACD4* 0.14 + 0.31%* —0.85-0.80
CD8™, time 1 (cell/mm® X 10°) 0.91 = 0.34 0.45-1.71
CD8™, time 2 0.99 = 0.39 0.38-2.30
ACD8™* 0.07 + 0.27 —0.68-0.64
CD19*, time 1 (cell/mm? X 10%) 0.65 = 0.27 0.13-1.24
CD19™, time 2 0.71 £ 0.29 0.14-1.35
ACD19" 0.05 £ 0.191 —0.32-0.54
PWM response, time 1 317+ 1.52 1.06-5.95
(counts/min X 10%)
PWM response, time 2 2.16 £ 0.96 0.87-4.72
APWM —1.14 £ 1.53%**  —4.72-]1.31
Antibody responses to 32*+19 0-6

pneumococcal antigens

Sum of standardized scores for reactive behavior problems, change in daily
routines, and difficulty in adjustment.

tp = 0.10.

*p = 0.05.

**p < 0.01.

#*% p < (0.001 for -tests for differences between time 1 and 2 means. (Note:
no ¢ test was completed on the behavioral difficulty and antibody response
scores, because these variables were assessed only at time 2.)
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Figure 1. (A) Change in salivary cortisol, pre- to postkindergarten entry
among individual children (n = 39); B, change in mean salivary cortisol, pre-
to postkindergarten entry.

within the limits of normal for children of this age. (All
immune measures were between the 5th and 95th percentiles
for values from our laboratory in the sample of 100 healthy
children assessed each year.) A significant increase was iden-
tified after school entry for CD4™" cells, and there was a trend
toward an increase in CD19" B cells. APWM, on the other
hand, showed a significant decrease after school entry. Out of
six type-specific pneumococcal antibody assays, children
showed a positive response in an average of 3, with a range of
0-6 positive assays.

Table 2 displays bivariate relations among independent and
outcome variables, as well as partial correlations between
independent and outcome measures controlling for maternal
education. Table 2A shows that time 1 and time 2 salivary
cortisols were highly correlated and that the time 2 level was
strongly related to Acort scores. These findings confirm that
higher cortisol change scores were produced primarily by
increases in cortisol levels in the postkindergarten period. Also
of note is the finding that Acort was unrelated to behavioral
difficulties during adjustment.

Table 2B presents significant, positive associations between
maternal education and both Acort and ACD8™. In addition, a
borderline significant relation was found between education
and ACD4 ™. These unanticipated associations suggest that the
children of more highly educated mothers sustained more



IMMUNE RESPONSES TO STARTING SCHOOL

1013

Table 2. Bivariate relations among independent and outcome variables (Pearson correlation coefficients, n = 39)

A. Intercorrelations among independent variables

Variables
Variables 3 4
1. Salivary cortisol, time 1 0.62%* -0.19 —0.08
2. Salivary cortisol, time 2 0.65%** -0.13
3. ACort —0.07

4. Combined behavioral difficuity score

B. Relations between maternal education and independent/outcome variables

Variables Maternal education

1. ACort 0.37*

2. Combined behavioral difficulty score -0.09

3. ACD4™ 0.311

4. ACD8* 0.44%*

5. ACD19* 0.19

6. APWM response —0.08

7. Antibody responses to pneumococcal antigens -0.24

C. Relations between independent and outcome variables (partial correlations controlling for maternal education/time of collection).

Combined behavioral

Salivary cortisol

Variables difficulty score Time 1 Time 2 ACort
1. ACD4™* —0.36* -0.02 0.01 0.03
(—0.35%/-0.38%) (—0.06/0.11) (—0.13/0.20) (—0.10/0.09)
2. ACD8™" —0.30% —0.08 —0.11 —0.06
(—0.291/-0.31%) (—0.15/0.02) (—0.34*/0.00) (—0.271/-0.35%)
3. ACD19™ —0.46%* —0.08 0.21 0.33%
(—0.46%*%/—0.46%*) (—0.10/=0.10) (0.14/0.29%) (0.29*/0.35%)
4. APWM response -0.03 0.33* 0.04 —0.29%
(—0.04/-0.02) (0.35%/0.35%) (0.07/-0.06) (—0.281/-0.34%)
5. Antibody responses to pneumococcal antigens —0.07 —0.04 —0.32% -0.37*
(—0.09/-0.08) (—0.01/0.05) (—0.261/-0.34%) (—0.31%/-0.35%)
tp=0.10.
*p = 0.05.
**p =< 0.01.

adrenocortical activation at school entry and showed greater
up-regulatory changes in T cell subsets.

Table 2C reveals that behavioral adjustment difficulties and
adrenocortical activation were significant correlates of the
immunologic changes that followed kindergarten entry. The
table also indicates that these associations were largely unaf-
fected by adjustment for either the level of maternal education
or the time of sample collection. Not surprisingly, collection
time had no discernible effects on the correlations between
behavioral difficulty and immune change scores. Few substan-
tive alterations in the pattern of results were identified even for
Acort after controlling for time of collection. A significant,
inverse association between Acort and changes in CD8™ cells
became apparent, however, suggesting that after adjustment for
time of saliva collection higher cortisol reactivity was associ-
ated with a decline in CD8™ cells.

Figure 2 provides scatter plots of the six significant or
borderline significant associations consistently identified in
bivariate or partial correlations. Parental ratings of behavioral
difficulties with school adjustment were related to several
alterations in immune parameters. As shown in Figure 2,
children with behaviors signaling greater adjustment difficul-
ties showed declines in CD19", CD4™, and to some extent
CD8™ cells, whereas children with less behavioral difficulty

tended to show B and T cell increases. Thus, more severe
behavioral adjustment problems as perceived by children’s
parents predicted down-regulatory responses in cell numbers.

Changes in salivary cortisol, on the other hand, showed a
different profile of associations with immune parameters. Cor-
tisol changes scores were positively associated with ACD19™
and inversely associated with pneumococcal antibody produc-
tion. Children showing increases in salivary cortisol levels
postschool entry had increases in B cell numbers, but produced
fewer type-specific antibodies to pneumococcal antigens.
There was also a trend toward positive cortisol A scores
predicting declines in lymphoproliferative responses to PWM.
As indicated by the correlations displayed in Table 2C, this
borderline, inverse association between Acort and APWM was
attributable primarily to a positive relation between baseline
(time 1) salivary cortisol levels and increases in PWM re-
sponse.

Changes in salivary cortisol and immune functions, as well
as the development of behavior difficulties, might plausibly be
related to infectious illnesses appearing during the first 2 wk of
school. Such relations, if present, could have confounded the
associations reported above between cortisol, behavior prob-
lems, and immune measures, because 15 of the 39 children
developed respiratory illnesses in the first 2 wk of school. No
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Figure 2. Scatter plots of significant or borderline significant associations
between independent and outcome variables (n = 39).

statistically significant associations were found, however, be-
tween the number of respiratory illness symptoms reported by
parents in the 2-wk period and either the independent or
outcome measures (Pearson r values = —0.06 to 0.28, p =
NS). Associations between adrenocortical, behavioral, and im-
munologic responses to school entry were thus unconfounded
by the development of intercurrent illnesses.

Finally, because behavioral and adrenocortical responses
were uncorrelated, but were both related to changes in immune
parameters, multiple linear regression was used to assess their
independent and interactive effects on immune end points.
Behavioral difficulty and cortisol change scores were entered in
step 1, followed in step 2 by the first order interaction term for
behavior problems X cortisol response. Five regression equa-
tions were computed, corresponding to the five immune change
scores. These analyses confirmed the independent main effects
of behavioral difficulty and Acort, reported in Table 2C, but
revealed no signficant interactions. A final set of regression
analyses, which added the main effect of maternal education,
also made no substantive changes in the conclusions drawn
from bivariate associations.

DISCUSSION

Data from this study suggest several conclusions of rele-
vance to research on the psychobiology of stress in children.
First, our results indicate that the mild, normative stressor of
beginning school is associated with moderate increases in
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salivary cortisol, commensurate with those previously ob-
served in young children undergoing low level psychologic
stress (46, 49, 52). Because the stressors that accompany
kindergarten entry presumably continue for weeks beyond the
first day of school, we were unable to control for experimental
order effects by shifting the schedule of time 1 and time 2
blood samples. (Further, examination of an additional, control
group of children undergoing a more benign life transition was
precluded by human subjects considerations surrounding the
use of serial venipunctures.) Nonetheless, school entry appears
to represent a useful and accessible model for studying stress
effects in normal children. Most parents in this study also
reported moderate and problematic alterations in their chil-
dren’s behavior, reflecting active, adaptive efforts to accom-
modate to new school settings. It has been previously noted
that individual differences in behavior problems are accentu-
ated during periods of stressful transition, such as starting
school (63).

Second, measures of immunologic function were found to
shift significantly over the 2-wk period surrounding the start of
school. Overall, such shifts reflected modest increases in cell
numbers and diminutions in functional parameters, although
none of the changes resulted in immune measures outside the
range of normal for children of this age. Change scores for
CD4™ and CD19™ cells showed, at the group level, increases
in cell numbers, whereas lymphoproliferative responses to
PWM declined. These results correspond to those of previous
studies finding elevations in immune cell numbers (64—67)
and decrements in cell function (64, 66, 68, 69) after acute
psychologic stress.

Third, maternal education was a significant or borderline
significant correlate of change scores for salivary cortisol,
CD4™" cells, and CD8™ cells. Children of more highly educated
mothers, in this largely upper middle class sample, showed
greater adrenocortical activation and larger increases in T cell
subsets than did their peers whose mothers were less educated.

Finally, behavioral and adrenocortical responses to kinder-
garten entry were associated with alterations in both enumer-
ative and functional measures of immune status. Specifically,
parent-reported behavioral difficulties were predictive of de-
clines in CD19*, B lymphocytes, and in both CD4™" (helper)
and CD8" (suppressor) T cells. Increases in salivary cortisol
after school entry were predictive, on the other hand, of
elevations in B lymphocytes, fewer antibody responses to
pneumococcal vaccine, and diminished lymphoproliferative
responses over the same 2-wk period. None of these relations
were confounded by intercurrent infectious illnesses, which
have been known to alter both immune parameters and cortisol
responsivity (70), and the pattern of associations was not
substantively altered by adjustment for either maternal educa-
tion or the time of day at which the sample collection was
completed.

Activation of the HPA axis has been regarded in past
research as a defining psychobiologic parameter of the human
stress response (71, 72). Corticotropin-releasing factor induc-
tion of pro-opiomelanocortin gene expression results in ACTH
and cortisol secretion, which in turn effects profound changes
in a variety of target organs (72-74). Immunologic influences
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of glucocorticoids include effects on leukocyte circulatory
kinetics, leukocyte functions, and the permeability of the vas-
cular bed (55). Cortisol reduces the number of circulating
lymphocytes, monocytes, and macrophages, and increases cir-
culating neutrophils through redistributions into or out of
lymphoid tissues (55, 75, 76). Within lymphocytic cell lines,
cortisol appears to alter function by depressing proliferative
responses to mitogens and antigens (55) and by decreasing
production of cytokines and prostaglandins (71, 77). Glucocor-
ticoids also have direct effects on vascular tone and were
shown by Ebert and Barclay (78) to decrease leukocyte migra-
tion into inflammatory sites by augmenting the integrity of the
microvascular endothelium.

Most recently, and perhaps of greatest importance to the
findings of this study, glucocorticoids have been shown to have
complex, bidirectional influences on the deployment of the
components of the immune system through transcriptional
regulation of IL-2 and IL-4 production (79, 80). It has been
shown, for example, that the effects of cortisol on mitogen
responses are highly dependent on cortisol concentration (81).
Incubation of lymphocytes in glucocorticoids at low concen-
trations results in enhancement of lymphoproliferative re-
sponses, whereas high concentrations are associated with im-
mune inhibition. The molecular, epigenetic basis for these
bidirectional effects appears to be corticoid-dependent modu-
lation of CD4 " cell subtypes and their relative productions of
IL-2 and IL-4. Under conditions of stress, glucocorticoids
appear to cause a switch away from Ty cell synthesis of IL-2,
the principal cytokine stimulator of cellular immune responses,
toward a predominance of Ty2 cell elaboration of IL-4, the
cytokine driving B cell antibody production (79). The result is
a dramatic shift in the balance of immune processes, away
from cell-mediated responses toward a predominantly humoral
response.

One account for the associations between behavioral diffi-
culties, cortisol reactivity, and immune responses observed in
this study is thus the complex, bidirectional regulatory effects
of glucocorticoids on T cell subtypes and their associated
cytokines. Although we were unable to measure CD4" cell
subtypes and cytokine production in this study, the pattern of
enumerative cellular changes associated with adrenocortical
activation (i.e. increases in CD19™ B cells) suggests a stressor-
related shift toward antibody-mediated immune responses. The
decline in mitogen responses, also associated with adrenocor-
tical activation in this study, may reflect the effects of higher
blood levels of cortisol on lymphoproliferative processes. The
decline in antibody production among cortisol-reactive sub-
jects may be related to measurement either too early or too late
in the mobilization of the B cell line to record the expected
boost in antibody production.

The profile of immune changes seen in children with visible
behavioral difficulties after school entry may reflect, in con-
trast, a different set of immunomodulatory influences. In these
children, significant declines were noted in both T (CD4" and
CD8") and B (CD19") cell lines, suggesting a more general
down-regulatory effect. It is possible that other, unmeasured
neuroendocrine mediators, such as catecholamines (82) or
endogenous opiates (83), could have played a role in the
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immune changes identified in subjects displaying more severe
behavioral responses.

Finally, the association of maternal education with both
adrenocortical and immune reactivity was an unanticipated
finding. It is tempting to interpret the finding as a manifestation
of the higher expectations for school and academic success that
are known to characterize the families of more highly educated
parents. To the degree that maternal education is a reflection of
social status, such a formulation is also consistent with past
observations on the relation of social dominance to adrenocor-
tical responses in nonhuman primates. Higher cortisol levels
have been consistently found, for example, among the more
dominant animals in groups of wild baboons during periods of
social instability and change (84).

Previous findings in our laboratory are also quite consistent
with the immune effects noted in the cortisol-responsive chil-
dren in this study. In a study involving 99 kindergarten-aged
children, Boyce et al. (39) found that children from highly
stressed families sustained significantly higher rates of respi-
ratory illnesses in the weeks after school entry. Higher iliness
incidences were found, however, only among the subset of
children showing postkindergarten increases in B cell numbers.
In another study (33), children with up-regulatory changes in
helper:suppressor cell ratios after school entry showed accel-
erations in respiratory illness rates in the 6-wk aftermath of a
major earthquake. Taken together, these findings, along with
those from the current study, suggest that the cortisol-
associated changes in immune function— comprising increases
in cell numbers and diminutions in cell functions—may be
those reflecting a maladaptive response and altering clinical
susceptibility to infection during psychologic stress.

Stress-related cortisol secretion shows striking individual
differences in response magnitude (50, 85). In animal models,
early stress (e.g. handling in the neonatal period) appears to
decrease glucocorticoid responses to stressors in later life (86).
Circadian rhythms in cortisol secretion appear by about 3 mo
of age in human infants (52, 87), and a decline in cortisol
response to stress over the first months of life has been noted
(50). In a series of studies by Gunnar (46, 47, 49) and Lewis
(51, 52) and their colleagues, cortisol responses have been
studied in relation to a diversity of environmental events and
perturbations, including maternal-infant separations, car rides,
swimming lessons, and routine immunizations. Individual dif-
ferences in cortiso] response in such settings have been shown
to be reliable (52, 53), related to aspects of emotional temper-
ament (49), and modifiable by altering aspects of the social
environment (47, 88). Possibly related to variations in cortisol
responsivity, individual differences in immune reactivity to
stressors have also been demonstrated in both human subjects
(66) and nonhuman primates (89).

Individual differences in cortisol reactivity have been stud-
led only infrequently in relation to behavioral responses to
stressors. In contrast to the findings of the present work, studies
by Lewis and colleagues (50, 51) have found moderate but
significant correlations in infancy between cortisol and behav-
ioral responses (i.e. crying) to the nociceptive stimulus of
inoculation. On the other hand, Gunnar et al. (48) found
habituation of HPA reactivity, but not of distress behaviors, to
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the perturbation of newborn physical examinations, a finding
suggesting a dissociation between adrenocortical and behav-
joral response modalities. Similarly, Lewis et al. (51) found
that, in children showing a dissociated pattern of cortisol and
behavioral responses to inoculation, more Caucasian American
infants were among those with high behavioral and low cortisol
responses, whereas more Japanese infants exhibited the oppo-
site pattern. These studies together suggest that both behavioral
and adrenocortical systems are reactive in some degree to
nociceptive stimuli, but that responses to nonpainful, psycho-
logic, or emotional stressors may be dissociated. Findings from
past research suggest that the relative magnitudes of behavioral
and adrenocortical responses are dependent upon aspects of
temperament and the sociocultural environment, psychosocial
factors which together influence the efficacy of a child’s coping
and adaptive capacity. Findings from the present research, on
the other hand, suggest that behavioral and adrenocortical
reactivity may be associated with different profiles of immu-
nologic effects, which may in turn have different or even
opposing influences on susceptibility to immune-mediated dis-
ease.

Individual differences in profiles of stressor effects might
have important influences on disease end points ranging from
infection and allergy to malignancy and autoimmune disorders.
Continued investigation of individual differences in stress re-
sponse could conceivably lead to a richer understanding of
children’s unique vulnerabilities and the highly uneven distri-
bution of disease events in childhood populations.
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