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ABSTRACT 

The present study was undertaken to explore the relationship of cellular 

immunity to total serum IgE in an unselected sample of 278 healthy infants. 

Statistical analyses of infant history profiles and cellular immune and serum IgE 

determinations from cord blood and 10 month samples were performed using SPSSx. 

During the first year of life, the percent CD3, CD4, CD8, ERFC, and B-cell 

counts significantly increased and the CD4/CD8 ratio and responses to ConA and PNV 

mitogens significantly decreased. Boys had lower percent CD8 cell counts and 

decreased responses to ConA and PW mitogens in cord blood. Cellular immune 

variable values were not associated with total serum IgE in any analysis. Early 

feeding method had no effect on 10 month serum IgE levels or cellular immune 

variables. Cord blood percent CD3 and CD4 cell counts were significantly decreased 

in infants with parental histories of asthma. 

In summary, 1) boys had a lower percent of suppressor T-cells and lower 

mitogen responses in cord blood 2) boys and girls reached similar levels for all 

variables by 10 months of age 3) infants with familial histories of asthma had fewer 

total and helper T-cells in cord blood. 
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CHAPTER ONE 

INTRODUCTION 

The relationship of cellular immune variables to serum IgE levels in infants is 

explored in the present study. Components of the cellular immune system are 

involved in the regulation of antibody production (1). Antibodies are 

immunoglobulins produced by B-lymphocytes (2). Production of antibodies is under 

the control of T-lymphocytes, specifically T-helper cells and T-suppressor cells (3). 

T-helper cells are identified by the T4 molecule on their surface and referred to as 

CD4 cells (4). T-suppressor cells are identified by the T8 molecule on their surface 

and referred to as CD8 cells (4). CD4 cells produce lymphokines which are soluble 

molecules that can stimulate or suppress antibody production as well as regulate CD8 

cells (5,6). CD8 cells can suppress antibody production by acting on CD4 cells or B-

cells (7). 

Antibodies are protein molecules composed of two light chains and two heavy 

chains (2). The chains are joined together by disulfide bonds to form one molecule. 

Each light and heavy chain has a variable and a constant region. The variable 

regions of the heavy and light chains join to produce the idiotypic specificity, 

idiotype, of the antibody, namely the binding site for antigen. The constant region 

of the heavy chain determines the class or isotype of the antibody (8). Antibodies 

can belong to the IgM, IgG, IgA, IgE or IgD class. The class an antibody belongs to 
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determines its biological function (8). Each mature B-cell has the ability to produce 

only one idiotype but potentially any of the isotypes. 

IgE antibodies play a role in allergic disease (9). IgE possesses the unique 

property of binding to the surface of mast cells and basophils (9). Mast cells are 

granule-containing tissue cells capable of releasing the mediators of immediate 

hypersensitivity (9). IgE binds to mast cell surface and after contact with specific 

antigen initiates the release of mast cell mediators. Mast cell mediators in turn act 

on surrounding smooth muscle, vasculature and secretory glands to induce allergic 

symptoms (7). 

IgE production is regulated by CD4 and CD8 cells (1). The identification of CD4 

and CD8 cells is a relatively new technique. Older techniques could only identify T-

lymphocytes by their ability to form rosettes with sheep red blood cells (6,10). 

These rosetting T-cells are known as CD2 cells (3). The CD2 molecule is one of the 

first expressed in the ontogeny of T-cells (3). CD2 cells are also theoretically 

identified by the CD3 marker (3). The CD3 molecule is associated with the antigen 

receptor on the surface of the cell and expressed after CD2 (3). After CD3, either 

the CD4 or CD8 molecule is then expressed determining the functional identity of the 

lymphocyte (8). 

Regulation of IgE production by T-cells can also be examined by looking at 

proliferative response of lymphocytes to mitogens. Mitogens are molecules that can 

activate lymphocytes irrespective of their antigen specificity (4). Lymphocytes 

respond to mitogenic stimulation by proliferating or secreting lymphokines or both 

(11). Mitogens include phytohemagglutinin (PHA), concanavalin A (ConA) and 

pokeweed (PW). Also called lectins, mitogens bind to specific polysaccharide residues 
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on the cell surface causing activation (4,11). PHA binds to both T-cells and B-cells, 

preferentially stimulating T-cells to proliferate (11). Con A binds to both T-cells and 

B-cells stimulating T-cells to proliferate. These T-cells are a different subset than 

those stimulated by PHA (12). ConA is also used to stimulate CD8 cells in functional 

assays of T-suppressor cells (13,14). PW mitogen stimulates B-cells to proliferate in 

a T-cell dependent manner (11). 

The relationship of cellular immune variables to serum IgE levels in infants is 

explored in the present study. Chandra et al (14) and Juto et al (10) have suggested 

the existence of a relationship between low T-suppressor cells or low numbers of 

rosetting T-cells in early infancy and the development of high serum IgE. High 

levels of serum IgE have been associated with increased risk for allergic disease 

(15,16,17). If cellular immune abnormalities are associated with the risk for allergies, 

identification of infants with this risk factor may help prevent the development of 

allergic disease by early management (18,19,20,21). 

Data collected by the Children's Respiratory Study provide a flexible database for 

examining the relationship of these cellular immune variables to serum IgE (22). In 

the Children's Respiratory Study, immune variable values and serum IgE were 

determined on an unselected sample of 278 infants in cord blood and in the latter 

half of the first year of life. Previous research measured rosetting T-cells and CD8 

cells levels in infants at one month of age (14,10). In contrast to these earlier 

studies, the present study measures these values in cord blood, unaffected by early 

exposures to diet and environment. 

In Chandra et al, infants who developed atopic eczema between 1 and 2 years of 

age had increased CD4/CD8 ratios and a decreased percent of CD8 cells at 1 to 2 
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months of age compared to those who did not develop eczema (14). The increased 

CD4/CD8 ratio is due to the decreased percent of CD8 cells. Infants who developed 

eczema also had decreased T-suppressor cell functional capacity. This study included 

60 infants, half of whom had a familial history of atopic disease. A lower 

percentage of CD8 cells was associated with the development of atopic eczema 

regardless of family history of atopic disease (14). 

In children, cellular immune irregularities are also associated with high levels of 

serum IgE (13). Geha et al examined 7 children with hyper IgE syndrome (13) and 

found a decreased percent of CD3 cells, decreased percent of CD8 cells, and an 

increased CD4/CD8 ratio. The increased CD4/CD8 ratio was due to decreased CD8 

cells. These researchers also found that patients' cells activated with ConA could 

not suppress the proliferative response of autologous cells to PHA and PW mitogens, 

indicating a functional loss of ConA inducible suppression. A decreased percent and 

functional capacity of CD8 cells accompanies high serum IgE in children, suggesting 

that CD8 cells play a role in the regulation of serum IgE levels (13). 

Other researchers have also suggested T-suppressor cells play a role in IgE 

regulation. Jarrett et al proposed that most people do not have allergies because 

they effectively suppress the production of IgE antibodies through various immune 

mechanisms. Individuals, therefore, become allergic through some failure of this 

suppressive regulation (23). Normally sufficient quantities of antigen are absorbed to 

activate IgE suppressor T-cells resulting in suppression of IgE production (24). 

Infants without adequate suppressive mechanisms cannot respond with suppression to 

large doses of antigen, such as those present in cow's milk (24). 
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In addition to CD8 cells, CD4 cells have also been implicated in regulating IgE 

production. In vitro. T-cells from atopic patients with high levels of circulating IgE 

release IgE-specific potentiating factors (25,26,1). These factors promote IgE 

synthesis in B-cell enriched cultures from normal and atopic subjects (27). The 

target cell for the potentiating factors is the surface IgE positive B-cell (25). In 

the rat model, these T-cells are the equivalent of human CD2, CD3 and CD4 positive 

cells (25). These factors are also carried in the serum (28). Serum from non-atopic 

donors inhibits spontaneous in vitro IgE production from hyper IgE patients (29). 

Certain CD4 T-cell clones, established from human lymphoid tissues, can help or 

inhibit IgE production by the production of lymphokines (30). In intestinal helminth 

infections in rats, T-helper cells produce both IgE-potentiating and IgE-suppressing 

binding factors (31). These factors are soluble molecules which bind to IgE on the 

surface of B-cells and promote their differentiation. Thus, CD4 cells apparently have 

the potential to regulate IgE production by the release of soluble binding factors or 

lymphokines or both which act on IgE bearing B-cells to enhance or inhibit IgE 

synthesis. 

Clinically, Miadonna et al studied a group of 19 children with ages ranging from 

6 months to 13 years, and found a significantly lower percentage of CD4-cells in 

children with atopic eczema compared to healthy children (32). In those with the 

most severe symptoms, the CD4/CD8 ratio was increased. In these children the 

CD4/CD8 ratio is probably increased due to decreased percent CD8 cells. 

Observations of both Geha et al and Miadonna et al pertain to children who 

have ongoing disease, either high serum IgE or atopic eczema (13,32). Small sample 

sizes, large age ranges, and different disease states indicate that caution should be 
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used in any interpretation of the results. The observations of Chandra et al on the 

other hand prospectively predict the development of atopic disease in infants with 

low percent CD8 cells suggesting low CD8 cells at one month of age may be a risk 

factor for allergies (14). 

As mentioned, infants with elevated serum IgE have an increased risk for allergic 

disease (15). Juto suggests that elevated IgE may occur through an inherited defect 

in cellular regulation of IgE production (33). Parents of infants born during a 

particular period of the year were asked to enroll their infant in their study. The 

parents of 50 infants consented. Of these infants, 31 had positive family histories of 

allergic disease. Of the 31 infants with positive histories, 10 infants had family 

histories of asthma. Infants with heredity for asthma had significantly lower 

numbers of CD2 rosetting cells at one month of age compared to infants without this 

heredity (34). From this observation these authors concluded a decreased percent of 

CD2 cells can occur in infants with a parental history of asthma (33). 

Infants with low levels of CD2 cells at one month do not necessarily develop 

high serum IgE or atopic disease. Juto et al suggest that the development of disease 

depends on how the infant is fed (10). Their hypothesis is that large amounts of 

dietary antigen activate IgE suppressive immunoregulation in infants with normal 

amounts of CD2 cells (10), similar to the theory suggested by Jarrett et al (23). 

Infants in this study were fed a commercially available cow's milk based formula 

containing intact protein molecules. The fifty infants mentioned previously (33) were 

divided into those with CD2 cell counts of less than 45 percent and those with 

greater than 45 percent as determined at one month of age. The low percent T-cell 

group included 11 infants and the normal group included 37 infants. Exclusive 
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feeding with cow's milk formula of infants with low T-cell counts produced 

significantly higher IgE levels at 3 and 6 months of age than exclusive breast

feeding. Infants with normal T-cell counts who were fed cow's milk had normal IgE. 

Infants with low T-cell count fed a mixed breast milk and cow's milk diet produced 

intermediate IgE levels. Infants with normal T-cell counts fed mixed breast milk and 

cow's milk had the highest IgE compared to exclusively breast-fed or cow's milk fed 

infants. 

Differences between breast milk and formula may affect infants in several ways. 

Breast milk contains secretory IgA which can neutralize and agglutinate viruses and 

bacteria whereas formula does not (35). In one pediatric study based in Michigan, 

formula-fed infants had 6 times more gastrointestinal infections compared to breast

fed infants in the first year of life (36,37). Furthermore, only 30% of formula-fed 

infants had detectable IgA levels in their feces by 3-4 weeks of age (38). Breast-fed 

infants had detectable IgA levels by 3 to 5 days of life (39). IgA can also complex 

macromolecules in the gut increasing their exposure to digestive enzymes. Exposure 

time to digestive enzymes may determine the size of molecules in the gut available 

for absorption (40). Breast milk contains factors which may enhance gastrointestinal 

maturation and function (41,42,43,44). Delayed initiation of breast-feeding may also 

inhibit gut closure to macromolecules (45). 

Gastrointestinal antigenic exposure differs between breast-fed and formula-fed 

infants. Breast milk can contain small quantities of antigen absorbed from the 

mother's diet which can sensitize infants (46,47,48). No sensitization to the natural 

proteins in breast milk has been observed (46). Hydrolyzed formula is in general 

adjusted to resemble the composition of breast milk by, for example, hydrolysis of 
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casein (49). It cannot, however, be assumed to be free of macromolecules and 

infants have developed sensitivity to elements in casein-hydrolysate formula (50). 

Other formulas contain whole cow's milk protein which can be a potent allergen (51). 

There are other sources of antigen exposure common to both breast and formula-

fed infants. Swallowed inhalants, such as pollen and animal dander, can be antigenic 

(52,53). Intestinal flora, including both normal and transient bacteria, can contribute 

antigens and adjuvants (21). The composition of intestinal flora is largely dependent 

on the neonate's environment and normally stabilizes in the first 5 days of life 

(54,55,56). Infants also frequently put their hands in their mouths so that any 

environmental contact may be a source of gastrointestinal antigen. 

Breast milk may also be able to modulate immune development. Stephens et al 

studied the effects of breast and bottle-feeding on the development of lymphocyte 

proliferative responses to PHA and PW mitogens (57). Their study included 15 

breast-fed and 15 formula-fed infants, where the formula was SMA Gold Cap which 

includes whole cow's milk protein (51). At 6 days and 6 weeks breast-fed infants 

showed higher proliferative responses to PHA, but no difference in proliferative 

responses to PW mitogen compared to bottle-fed infants. By 3 months however, 

higher responses were seen in the bottle-fed group to all stimuli which continued 

through 9 months of age. These researchers concluded that the higher responses in 

the bottle-fed group with age may be due to lack of passive protection by IgA or 

increased antigenic stimulation from the cow's milk protein. 

In another study, lymphocyte responses to PHA stimulation were higher at 3 and 

6 months in those fed solely cow's milk compared to those fed breast milk or a 

mixed diet (58). In the early months, breast milk seems to stimulate immune 



16 

responses, as shown by the increased PHA responses in the breast-fed group. Cow's 

milk antigen does not seem to cause excessive stimulation in the early period, as 

shown by the PWM responses, but as time goes on cow's milk fed infants appear to 

respond with high PHA and PW mitogen responses suggesting both stimulation and a 

possible lack of regulation. 

Breast-fed infants appear to have passive protection from gastrointestinal 

infections by maternal IgA. The presence of IgA in the infant gut may tend to 

decrease the risk of allergies (35). They are exposed to factors in breast milk that 

may enhance maturation of either or both the gastrointestinal tract or immune 

system (41,42,43,44,57). They may be exposed to small amounts of antigen absorbed 

from the mother's diet, which may stimulate the production of IgE (46,47,48). 

Formula-fed infants do not have passive protection by IgA. They incur more 

gastrointestinal infections. Both of these factors may tend to promote allergies 

(36,37). Formula-fed infants may be exposed to formula which may or may not 

contain whole cow's milk proteins. If the formula does contain cow's milk protein it 

might increase the risk for allergies; but if it does not it might serve to decrease 

the risk for allergies (51). All of these conditions are superimposed on the cellular 

immune system of the infant. 

It would appear that infants with low CD2 cells are benefitted by breast milk 

and no harm is done to infants with normal CD2 cells by breast milk (10,33). 

Infants with low CD2 cells are harmed by cow's milk because they cannot adequately 

suppress IgE production. Infants with normal CD2 cells can suppress IgE production 

to cow's milk. Infants with low CD2 cells fed a mixed diet, it can be speculated, 

are benefitted from the breast milk in such a way that it prevents their sensitization 
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to cow's milk antigens. Infants with normal CD2 cells fed a mixed diet get the 

maturational benefit of breast milk which appears to stimulate their immune system 

to be very responsive and at the same time consume abundant antigen. This may 

account for the high levels of serum IgE seen in these infants. 

It has also been observed that infants with a parental history of atopic disease 

may show retarded postnatal development of their IgA system (40,60). Secretory IgA 

mediated antigen exclusion may be transiently deficient, leading to less complexing of 

macromolecules and increased absorption, resulting in higher serum IgE (60). In this 

case again, perhaps only those infants with low suppressive capacity and low IgA 

would be at risk, since large doses of antigen usually activate IgE suppressive 

mechanisms (24). 

CD4 cells are involved in the regulation of IgA responses. Switch CD4-cells in 

the gastrointestinal mucosa release a soluble factor that causes gene rearrangement 

from IgM to IgA (61). IgA-specific helper cells also promote the differentiation of 

IgA bearing B-cells (61). If CD4 cells are lacking, less IgA might be produced. It 

has been observed that infants with a parental history of asthma have decreased 

numbers of rosetting CD2 cells (33). Levels of CD8 in infants are not associated 

with a familial history of atopy (14). Since the CD2 cell population includes both 

the CD4 and CD8 subsets, it suggests that the inherited abnormality in regulation of 

IgE production may lie in the CD4 cell subset. It could be postulated that the 

infants with defective IgA production at mucosal surfaces might inherit low CD4 

helper capacity, with the increased IgE seen in these infants expressed through 

defective CD4 regulation of IgA. The abnormality in the CD4 subset could also 
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express itself eventually in problems with the CD8 subset since activation of CD8 

cells is under the control of CD4 cells (3). 

There are also some unique immunologic conditions associated with infancy which 

may have some bearing on the relationship of cellular immune values and serum IgE. 

T-helper cell function in cord blood is immature (62). Stimulation with PWM, a T-

helper cell dependent B-cell mitogen, induced abundant proliferation but no IgM 

secretion (62). In six of sixty cultures IgM was produced, suggesting more mature 

T-cell function in a minority of newborns. 

Infants appear to have inherently immature B-cell function at birth (62). 

Stimulation of adult lymphocytes with EBV, a B-cell mitogen, induces IgM, IgA and 

IgG production, whereas stimulation of cord blood cells results in only IgM 

production (62). This information suggests that infants have decreased T-helper cell 

function at birth and an inherently immature B-cell function. However some infants 

may be more mature in this regard. 

It appears then that breast milk and formula can have varying effects on the 

development of allergies and the immune system. Both have the capacity to enhance 

IgE production. Breast milk alone has the capacity to affect maturation of the 

gastrointestinal tract or immune system or both. The effects of breast milk and 

formula are also superimposed on the immune system of the infant, components of 

which appear to be inherited. Increased cord blood IgE is present in infants with a 

maternal history of allergies (64). Increased cord blood IgE is associated with both 

increased 10 month IgE and atopic eczema (IS). Since an infant is basically antigen-

naive at birth, it may be only in the response to antigen that the inherited defect 

observed by Juto et al (33) or the low CD8 count observed by Chandra et al (14) is 
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expressed. According to Juto, infants with heredity for asthma have an increased 

risk for low percent CD2 cells and when bottle-fed develop elevated serum IgE 

(10,33). According to Chandra low percent CD8 cells at one month can lead to 

atopic eczema independent of family history of atopic disease or the method of 

feeding (14). The inherited defect in atopy may be within the CD4 cell population 

and express itself as decreased IgA or decreased suppressive capacity or both. The 

present study utilizes a large unselected population of healthy newborns and seeks to 

explore the relationship of cellular immune variables in cord blood to total serum 

IgE. The effect of a familial history of asthma, method of feeding, gender and 

ethnicity are included in the analyses. 

Summary 

One of the unique properties of the CRS database is its flexibility. With a large 

database many questions can be formed and explored by a number of different 

methods. The present study explores hypotheses about the relationship of cellular 

immune determinants to the development of serum IgE in infancy and the effects of 

the method of feeding and parental history of asthma. Basically a set of variables 

was chosen to represent the cellular immune system based on those examined in the 

literature. For each specific hypothesis, such as a decreased percent CD8 cell count 

precedes atopic eczema (14), all cellular immune variables are examined, not just 

percent CD8 counts but percent CD2, CD3 and mitogen responses as well. This was 

done to characterize more broadly than previous studies the cellular immunity of 

newborns and also because other sources in the literature suggested indirect 



20 

associations, such as the observation by Geha et al of decreased percent CD3 cells in 

children with hyper IgE (13). 

The characterization of the population variables and hypotheses in the present 

study are divided into several areas as follows: 

1) Descriptions of normal values for cellular immune variables in a large sample of 

infants at birth and in the latter half of the first year of life. Changes in these 

variables that occur during this time are also examined. Ethnicity and gender may 

be confounding factors in any epidemiological study. The ability to produce large 

amounts of IgE is associated with populations which evolved in equatorial or tropical 

regions (65). For example, Hispanics have been demonstrated to have higher cord 

IgE than non-Hispanics (64). Boys have a greater tendency to develop allergies, and 

boys develop them at an earlier age (66). Furthermore, male cord blood samples 

have elevated IgE values compared to girls (15). So differences in immune values 

related to gender and ethnicity are also explored. 

2) The present study examines the correlation between cord immune values and 

subsequent serum IgE levels. Do immune values at birth predict subsequent serum 

IgE levels independent of the method of feeding? 

3) Since atopy is often associated with cellular immune irregularities, the 

association of IgE and cellular values are examined both in cord blood and in later 

samples. Are any abnormalities in cellular immune variable associated with elevated 

cord blood or 10 month serum IgE levels? 

4) The relationship of immune values in cord blood to atopic heredity are explored. 

Do infants with heredity for asthma differ in any cellular immune variables from 

those without this heredity? 
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5) In the present study, the effects of breast and formula-feeding on immune values 

and IgE in the latter half of the first year are explored. The infants in the present 

study were fed either solely breast milk, breast milk plus formula, or solely formula. 

Formula in this case included both hydrolyzed protein formulas and formulas 

containing whole cow's milk protein. Does the method of feeding influence immune 

responses or serum IgE level at 10 months? 

6) The effect of large doses of antigen superimposed on the cellular immune system 

at birth on subsequent serum IgE levels is also explored. Do infants with low cell 

counts in cord blood, fed large amounts of antigen, develop elevated serum IgE? 
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CHAPTER TWO 

MATERIALS AND METHODS 

Subjects 

Subjects in this study belong to the immune cohort of the Children's Respiratory 

Study (CRS). The CRS was designed as a longitudinal prospective study of childhood 

respiratory illnesses and their sequelae (22). The immune cohort consists of sample 

of CRS infants on whom various immunologic tests were performed. The current 

study reports normal values for the infants in the immune cohort, differences due to 

gender, ethnicity and family history of asthma, the effect of feeding method on 

immune values and the relationship of immune status at birth to subsequent IgE 

levels. 

Between May, 1980 and October, 1984, 1246 infants whose parents used the 

physicians of a Tucson Health Maintenance Organization were enrolled in the CRS. 

The immune cohort included the last 278 infants enrolled. Cord blood samples were 

collected from 169 infants in the immune cohort from January 1983 to October 1984. 

The sample referred to as the '10 month' sample was collected at the well-baby visit 

which occurred between 9-12 months of age, from January 1984 to December 1985. 

The average age of the infants at the 10 month follow-up time was 10.16 months, 

ranging from 7 months to 17 months. There were 43 infants in the 6-9 month age 

group (mean 8.52 months), 82 in the 9-12 month age group (mean 10 months) and 24 

in the 12-17 month group (mean 13.75 months) totaling 149 infants. 
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Blood samples for serum IgE determinations were not always collected at the 

same time as the immunologic study samples. IgE samples were collected between 

Jan 1983 and December 1985. The age ranged from 7 months to 17 months with an 

average of 10.2 months. The 6-9 month age group included 42 infants, 80 infants 

were in the 9-12 month age group, and 23 in the 12-17 month age group, totaling 

145 infants. For 139 infants both 10 month immunologic and serum IgE analyses 

were performed. 

Not all 278 infants in the immune cohort were technically enrolled in the CRS. 

Of the 169 infants sampled at birth, 91 are non-CRS infants. These infants had 

limited follow-up without immunologic study at 10 months. Consequently, only 78 of 

the 169 infants were available for follow-up studies at 10 months, and 42 were 

actually studied. Therefore, of the 149 infants studied at 10 months, 42 also had 

cord blood immunologic analyses. 

There are 138 boys and 118 girls in the immune cohort (22 missing values). 

Cord blood samples include 40 boys and 36 girls enrolled in the CRS and 40 boys, 30 

girls not enrolled. All of the 149 infants studied at 10 months had gender 

information, 78 boys and 71 girls. 

Information on the method of feeding is based on several sources, including 

forms completed by the pediatrician at the 2 and 4 month well-baby visits and 

questionnaires completed by parents when the child was 12-15 months old. 

In the sample, 18.8 percent of the infants were fed only formula (n=30, Diet 1), 

and 32.5 percent were fed only breast milk through four months of age (n=52, Diet 

4). The others were fed mixed diets, 25.6 percent receiving breast milk for only a 

short time after birth (n=41, Diet 2) and 23.1 percent receiving breast milk through 4 



months of age supplemented with formula before that time (n=37, Diet 3). Formula 

includes cow's milk, preparations containing whole cow's milk protein, preparations 

containing soy protein and preparations containing hydrolysed casein. The Diet 

variable produces a scale of feeding graded according to the amount of breast milk 

and formula included in the diet. Diet 1 refers to no breast milk; Diet 2, some 

breast milk but mostly formula; Diet 3, mostly breast milk but some formula; and 

those on Diet 4, only breast milk. 

The ethnicity variable identifies two groups. Group one includes all those 

infants with both parents non-Anglo: Black, Hispanic, or other (including Oriental 

and Native American Indian). Group two includes those with at least one Anglo 

parent. Of the 169 infants from whom cord blood was collected, all infants enrolled 

in CRS (78 infants) had ethnicity information. There were 14 Hispanic infants, 4 

Black infants, 54 Anglo, 4 Anglo/Hispanic and 2 Anglo/other. 

Parental history of asthma is based on answers to the Year One Adult 

Questionnaire. An infant is regarded as having a positive parental history of asthma 

if either or both of the parents have ever had physician diagnosed asthma. Only one 

child had a biparental history of asthma. Of the 168 infants for which parental 

history is known, 28 percent had a positive family history and 72 percent did not. 

Mothers and fathers had identical incidence of asthma, ie.. 14 percent. 

Computer Hardware and Software 

All immune cohort information was stored as a binary file on magnetic tape in 

the Cyber tape library. 
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The Statistical Package for the Social Sciences-X (SPSSx), release 2.0, was the 

software used in the data analyses. All initial analyses were performed on the Cyber 

175 computer, NOS/BE 1.5 operating system. Jobs were written using Word Perfect 

4.1 on a personal computer, Leading Edge Model D, and saved in ASCII. Jobs were 

transferred to the RVAX, VMS V4.7 operating system, using IBM-pc Kermit 2.29. 

From the RVAX the job was submitted to the Cyber. The job included both 

complete job control language for the Cyber and SPSSx commands. Analysis output 

generated by the Cyber was automatically sent to the RVAX as an output file. The 

output file was down loaded to a flexible diskette on the personal computer. The 

file was viewed and edited with Word Perfect. A hard copy of the output could then 

be printed. Some analyses were performed on an ARTISOFT IBM compatible personal 

computer using SPSS-PC+, version 2.0. SPSSx, release 3.1, was also utilized on the 

RVAX for importing and exporting files. 

Statistical Analysis 

All lymphocyte variables used in the analyses were determined to be normally 

distributed: therefore parametric analyses were performed. Several of the variables 

(%CD3, CD4, CD8, ERFC and B-cells) are distributed as percent values. Since none 

of the percent values fall at the extreme ends of the distribution, transformation was 

not deemed necessary. Even so, non-parametric tests were performed and the results 

compared with the parametric analyses. 

Cord blood IgE values are not normally distributed, but positively skewed. More 

than 34 percent of the infants had undetectable IgE levels, thus precluding a 

determination as to whether these values were log normally distributed. Therefore 
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the cord IgE values were divided into two groups distinguishing those with 

undetectable IgE from those with detectable IgE (greater than 0.1 IU/ml). The 

highest serum IgE value in cord blood was 3.70 IU/ml. Follow-up 10 month serum 

IgE values were also not normally distributed. In this case however, all infants had 

detectable levels and log base 10 transformation of the values produced a normal 

distribution. Values presented in the results section are anti-log values. 

Student's independent T-test was used to compare the mean values of lymphocyte 

variables for boys and girls, the two ethnic groups and family history of asthma. 

Student's independent and paired T-test was also used to determine if there were 

significant differences in cord blood means and 10 month samples. The formula: 

percent change = new value - old value * 100 
old value 

was used to describe the average change in a variable from cord blood to 10 months 

(67). One-way analysis of variance was used to check for differences between the 

6-9, 9-12 and 12-17 month age group means as well as the effect of feeding on 10 

month values. Regression analysis was used to examine the relationship of cord 

immune values to 10 month IgE values. A p-value of less than .05 was considered 

significant for all tests. 

Statistical Background 

Distribution Characteristics 

The results presented here originate from a sample drawn from a larger 

population. All variables were examined for the skewness of their distribution. A 

positive skew indicates the tail of the distribution is drawn out to the right; a 
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negative skew, the tail is to the left (68). A skew of zero indicates a normal, bell-

shaped distribution of values. Variables with a skew of between plus and minus one 

can be considered normally distributed (69). It is assumed that this sample is 

essentially a random sample, representative of the whole population. Several 

descriptive statistics are presented in the results section. The mean is the average 

of all the values in a sample (70). The standard deviation of the sample describes 

the distribution of individual values about the mean (70). In a normal distribution, 

the mean plus one SD includes 68 percent of the values and the mean plus two SD 

includes 95 percent of the values. From the standard deviation, the standard error 

of the mean (SEM) can be calculated (70). The SEM gives information about the 

distribution of sample means about a population mean (68). Basically the SEM can be 

considered the standard deviation of means about the population mean. If the 

population mean is at zero in the distribution, 95 percent of the sample means from 

this population will fall within plus or minus two SEM. The SEM can be used to 

calculate the 95 percent confidence interval (CI) for a sample mean (70). The 95 

percent CI indicates that 95 percent of the means of all samples selected from the 

base population will fall between the upper and lower limits of the CI. The original 

sample mean is at the center of the CI. The SEM calculated for one sample depends 

on both the sample SD and size. 

Non-Paired T-test 

In the non-paired or independent T-test two samples are compared to determine 

if they originate from the same population. Both samples must be independent and 

normally distributed (70). The independent T-test tests the null hypothesis which 
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states that the mean of group one equals the mean of group two. The t-statistic is 

calculated as the difference in sample means divided by the SEM of the difference in 

sample means. This again sets up a distribution curve, but this time the difference 

in population means is at the center with a value of zero. The calculated t-statistic 

is compared to the t-distribution adjusted for sample size. If the calculated t-

statistic is greater than the critical value determined from the t-distribution for a 

selected level of significance, the null hypothesis is rejected. The difference 

between the samples is too great and falls outside the defined acceptable area of 

variance. 

Usually a significance level of .05 or .01 is chosen as the cutoff point (69). If a 

value for the calculated t-statistic is greater than a critical value from the t-

distribution, the null hypothesis is rejected. Rejection of the null hypothesis at the 

.05 level signifies a 1/20 chance of rejecting a true null hypothesis. In a two-tailed 

significance test one is assuming that the magnitude of the difference between 

sample means can be positive or negative. 

Paired T-test 

The paired T-test tests whether matched samples from the same individuals in 

the populations show a significant change in a variable. This test reduces the 

variability between cases and yields a more sensitive test (70,71) 

Ranked Analysis 

Ranked analysis is a non-parametric or distribution-free method of analysis (72). 

Briefly, all the values included in the analysis are combined and each value is 
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assigned a rank, or number from the lowest value to the highest. These ranks are 

then averaged over all the cases included in the test groups and compared. If the 

difference between the ranks is large enough, the samples included in the test groups 

can be said to originate from different distributions. The test used in this study is 

the Kruskal-Wallis test (72), which is similar to the Mann-Whitney test but can 

accommodate more than two groups. 

Correlation Analysis 

The correlation coefficient is a numerical measure of the observed association 

between two variables. The Pearson correlation coefficient, r, varies between plus 

one and minus one (68). Plus one indicates a positive correlation, as the value of 

one variable increases so does the other. Minus one indicates an inverse correlation, 

as one variable increases the other decreases. An r of .80 or higher suggests a 

strong relationship between the variables, an r of .50, a moderate relationship and an 

r of .3 and lower a poor relationship (68,69). The correlation coefficient squared, r^, 

measures the goodness of fit of a linear regression line to the data points. It varies 

between 0 and 1. It also gives an indication of the proportion of the variance in 

one variable explained by the other variable (69). 

Analysis of Variance 

Analysis of Variance (ANOVA) compares group means. It can be considered an 

extension of the T-test to more than two groups. Each group receives a different 

treatment, and subjects are assigned to groups randomly. In analysis of variance, 

two main measures of variance are calculated. The "within groups" variance 
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measures the inherent variance of the groups about their group mean. The "among 

groups" variance measures the variance of the treatment groups means from the 

grand mean. If there is no treatment effect, the "among groups" variance adjusted 

for its degrees of freedom will be small with respect to the "within groups" variance 

also adjusted for its degrees of freedom. An F ratio is calculated as the "among 

groups" variance divided by the "within groups" variance, each divided by its degrees 

of freedom. The calculated F ratio is compared to the critical value of F for the 

"between" and "within groups" degrees of freedom. If it is greater, there is a 

treatment effect (69). 

Level of Significance 

In a normal distribution curve for any variable, whether the mean of a sample or 

the distribution of means from a population, most of the values fall in the bell 

shaped area of the curve. When a level of significance is chosen such as .05, in a 

two-tailed test, only 2.5% of all values will fall at either extreme tail end of the 

normal curve. A level of significance of .01 in a two-tailed test means that .5% of 

all values will fall in either extreme tail of the curve. For example, a mean 

calculated from a sample estimates the mean of the population. A 95% confidence 

interval for the sample mean gives a general idea of the area into which other means 

calculated from the same population would fall, since one does not know the true 

mean of the population. If however, a mean falls outside the 95% confidence interval 

area, it is said to be significantly different from that mean and the sample used to 

calculate it may actually be from another population. 
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Laboratory Materials and Methods 

All cellular immunologic work was performed in the laboratories of Dr. Mary 

Jane Hicks and Dr. Ruthann Kibler. IgE determinations were performed in Dr. 

Marilyn Halonen's laboratory. 

Cellular immune status is determined by the percentages of peripheral blood 

lymphocytes (PBL) testing positive for E-rosettes, surface immunoglobulins, OKT3, 

OKT4, and OKT8 markers. Cellular immune function is measured by the response of 

PBL to PHA, ConA and PW mitogens in vitro. 

Each cellular immune status and function test used in the present study 

identifies a particular population of cells. The source of cells for all tests is either 

cord or peripheral blood. The E-rosette test identifies T-lymphocytes capable of 

forming rosettes with sheep red blood (SRBC) cells (3). The surface membrane 

immunoglobulin (mlg) positive cells identified in this study are B-lyiuphocytes 

expressing integral immunoglobulin on their surface. The OKT3 monoclonal antibody 

binds to the T3 molecule on the surface of mature T-cells. OKT4 monoclonal 

antibody identifies the T-helper/inducer lymphocyte subset with CD4. The OKT8 

monoclonal antibody identifies the T-suppressor/cytotoxic lymphocyte subset with CD8 

(4,6). PBL proliferating in response to PHA are thought to be T-lymphocytes. Those 

responding to ConA are also T-lymphocytes, but a different subset than those 

responding to PHA. PW mitogen activates B-lymphocytes in a T-lymphocyte 

dependent manner (12). Taken together these variables provide information about an 

infant's immune status and function at a particular stage of development. 
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Collection of Cord and 10 month Blood Samples 

Blood was collected into heparinized syringes or Vacutainer tubes from umbilical 

cord veins after birth, then stored at room temperature for 1 to 22 hours until 

separation, with an average of 9.5 hours. Ten month blood samples were collected at 

the time of the 9-12 month well baby clinic visit. The sample remained at room 

temperature until separation for an average of 7 hours, range 0 to 40 hours. 

Separation of Blood Samples 

Blood samples were separated by standard density gradient centrifugation 

technique (73,74). A visual hemacytometer differential count of lymphocytes, 

monocytes and segmented cells was performed both with and without staining. The 

number of lymphocytes (monocytes) added to the tests was based on the 

hemacytometer count of lymphocytes (73,74). 

Variables used in the analyses from this procedure include the 10 month absolute 

lymphocyte count, calculated by multiplying the total WBC count by the percent 

lymphocyte count, to give the absolute number of lymphocytes per microliter blood. 

Identification of B-cells 

B-cells are identified as surface immunoglobulin (mlg) positive cells using 

fluorescein-conjugated polyvalent (mu,gamma,alpha,lambda,kappa) goat anti-human 

immunoglobulin. The MNC were incubated for 30 min at 37°C to elute any 

immunoglobulin attached by Fc receptor binding (74). 

The variables included from this test are cord and 10 month percent surface 

immunoglobulin positive cells, or the percent of B-cells in the peripheral blood. 
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Additionally, the absolute B-cell count was determined at 10 months by multiplying 

the percent B-cell count by the absolute lymphocyte count. This gives the absolute 

number of B-cells per microliter blood. 

Identification of T-cells 

This test identifies the percent of lymphocytes in the blood which form rosettes 

with sheep red blood cells. Duplicate counts of 100 lymphocytes were performed and 

the percent of rosetting cells determined (74). 

The variables included from this determination include the cord and 10 month 

percent ERFC cell counts. The absolute ERFC cell count was determined at 10 

months by multiplying the percent ERFC count by the absolute lymphocyte count to 

give the absolute number of ERFC cells per microliter blood. 

Identification of T-cell Subsets 

OKT3, OKT4 and OKT8 monoclonal antibodies were used to identify T-cell 

subsets. An indirect fluorescent antibody assay was used for some samples (74) and 

laser powered flow cytometric analysis for others (75). 

Variables include the cord and 10 month percent OK.T3 cell count, the percent 

OKT4 cell count and the percent OKT8 cell count. These counts represent the 

percent of all lymphocytes staining with the specific markers. The T4/T8 ratio was 

calculated by dividing the percent OK.T4 cells by percent OKT8 cells. Additionally, 

the absolute OKT3, OKT4 and OKT8 cell counts were determined at 10 months by 

multiplying the percent subset counts by the absolute lymphocyte counts at 10 
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months. This gives the absolute number of lymphocytes stained with the specific 

marker per microliter blood. 

Lvmphocvte Proliferative Responses to Mitoeenic Stimulation 

A constant number of MNC were stimulated with mitogens in vitro. Lymphocyte 

proliferative responses were measured in a scintillation counter (74). 

The variables included from these tests are the counts per minute from the PHA, 

ConA and PWM stimulation tests for both cord blood and 10 month samples. The 

control cpm was used to calculate the incremental counts per minute. In the 

incremental count per minute, the control count for each case was subtracted from 

the stimulated count to give the net count per minute. All cpm for PHA, ConA and 

PWM represent the incremental (net) count per minute. 

Total Serum IeE Determination 

Serum IgE levels were determined by the PRIST assay using commercially 

available kits (Pharmacia Diagnostics, Piscataway, NJ) (64). 

Serum IgE levels are expressed in IU/ml. Nine month IgE values are not 

normally distributed. When log transformed, mean values are given as geometric 

mean (antilogs of the log mean). 
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CHAPTER THREE 

RESULTS 

Cord blood mean values for the immune variables are presented in Table A. 

Included is a breakdown of infants into CRS and non-CRS groups. There were no 

significant differences between the CRS and non-CRS infants except in the 

lymphocyte response to ConA. The CRS infants demonstrated higher proliferative 

responses to ConA (p<.05). Of the 162 IgE determinations performed on cord blood, 

34 percent had undetectable levels and 66 percent had levels greater than 0.1 IU/ml, 

but only 3 percent of the infants had cord IgE greater than 1.0 IU/ml. 

Table B1 records the overall 10 month mean variable values. Tables B2 through 

B5 record the 10 month mean values divided into age groups. There were no 

significant differences between the mean values in the 6-9, 9-12 and 12-24 month age 

groups for any of the variables. This is true for both parametric (B2, B4) and non-

parametric (B3, B5) analyses. Thus these values can be grouped together as 10 

month values. 

Independent T-test results of the change in mean values from cord blood to the 

overall 10 month measure is presented in Table CI. All mean values changed 

significantly from cord blood to 10 months except the response to PHA. The percent 

CD3, CD4, CD8, ERFC and B-cell cell counts all increased. The CD4/CD8 ratio 

decreased, as did the responses to ConA and PW mitogens. Table C2 presents the 

paired T-test results which includes a smaller sample size. All values demonstrated 
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the same changes as detected by the independent T-test except the percent ERFC 

cell count. The 10 month percent CD3 cell counts significantly correlated with the 

cord blood counts, r=.36 p=.02. None of the other 10 month variable values correlated 

with values in cord blood, (ie. r<.20, p>.05). 

Table C3 describes the change from cord blood to 10 months separately for boys 

and girls. Boys demonstrate the same significant changes present in the whole 

population as demonstrated by the independent T-test. Girls, however, demonstrate 

no significant change in the percent CD4, CD8 or B-cell counts from cord blood to 

the 10 month sample. Their CD4/CD8 ratio also does not change. The percent CD3 

and ERFC cell counts increase and their responses to PHA, ConA and PW mitogens 

all decrease significantly. 

The effect of ethnic background on cord blood mean values is presented in 

Tables D1 and D2. Neither parametric nor non-parametric analysis revealed any 

significant differences in mean values due to ethnicity. 

The effect of gender on cord blood mean values is presented in Tables El and 

E2. Gender does not influence the percent CD3, CD4, ERFC or B-cells cell counts. 

Nor does gender influence the CD4/CD8 ratio or proliferative responses to PHA. 

However, boys have significantly lower percent CD8 cell counts (p=.022) compared to 

girls. They also have lower proliferative responses to ConA (p=.042) and PW (p=.039) 

mitogens compared to girls. Non-parametric analysis of the same variables produces 

similar results. Tables E3 and E4 include mean values by gender for the CRS and 

non-CRS infants. Separation into these two groups reduces the sample size. In the 

CRS group, only the proliferative response to ConA is significantly different (p=.033) 

for boys and girls. None of the other differences retain their significance. 
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Table F present the mean values for boys and girls in the overall 10 month 

sample. There were no significant differences. Table G presents the correlation 

between cord immune values and 10 month serum IgE. There is no significant 

correlation between any of the cellular immune values at birth and subsequent 10 

month serum IgE levels. 

The association of cord blood IgE and cord blood cellular immune values is 

presented in Table HI. High cord blood IgE was not accompanied by any 

significantly different cellular immune values when compared to low cord blood IgE. 

Correlations of 10 month immune determinants and 10 month serum IgE are presented 

in Table H2. There were also no significant correlations between 10 month serum 

IgE and 10 month cellular immune values. 

The effect of a parental history of asthma on mean cellular immune values in 

cord blood is presented in Table II. Infants with heredity for asthma have 

significantly lower percent CD3 (p=.004) and CD4 (p=.025) cell counts compared to 

infants without this heredity. Non-parametric analysis, recorded in Table 12, 

supports these results. None of the other variables showed any effect of parental 

asthma on mean values in cord blood. Of the infants with a parental history of 

asthma, 66.7 percent fell into the detectable cord IgE groups, of those without, 63.9 

percent fell into the detectable cord IgE group, a difference that is not significant. 

Table J presents the results of the treatment effect of the four feeding groups 

on 10 month mean values. There were no statistically significant differences. There 

does appear to be a trend. Infants fed only formula (Diet 1), have lower absolute 

cell counts of all the lymphocyte variables and mitogen counts. The infants fed the 
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mixed diets, (Diet 2 and 3) have the highest numbers. There was no effect of any 

of the diet groups on 10 month mean IgE levels. 

Table K presents the analysis of the effect of feeding method on 10 month 

serum IgE values in those infants with low or high cord blood immune values. The 

percent CD3, CD4, CD8, and ERFC cell counts were divided into two groups based on 

50 percentiles. No significant differences were observed, however the group sample 

sizes were very small. 



Table A. 

Cord blood mean values for all infants; 
CRS and non-CRS infants 

mean (SEM) 
sample size 

overall CRS Non-CRS 

% CD 64.3 (0.9) 63.8 (1.2) 64.7 (1.3) 
n=152 n=73 n=79 

% CD4 47.6 (0.8) 48.1 (1.2) 47.2 (1.2) 
n=167 n=77 n=90 

% CD8 15.9 (0.5) 16.1 (0.7) 15.7 (0.7) 
n=167 n=77 n=90 

CD4/CD8 3.5 (0.1) 3.5 (0.2) 3.5 (0.7) 
ratio n=166 n=77 n=89 

% ERFC 66.7 (1.0) 67.4 (1.3) 66.1 (1.4) 
n=160 n=73 n=87 

% B- 14.7 (0.4) 13.9 (0.5) 15.4 (0.6) 
cells n=161 n=74 n=87 

PHA cpm 88.2 (4.8) 93.2 (7.2) 83.6 (6.5) 
x 1000 n=131 n=62 n=69 

ConA cpm 79.5 (3.7) 88.0 (5.2)* 71.9 (5)* 
x 1000 n=124 n=59 n=65 

PW cpm 23.6 (1.5) 26.7 (2.3) 20.8 (1.9) 
x 1000 n=124 n=59 n=65 

* Independent T-test for CRS and non-CRS is significant, t=2.21, p<. 



Table Bl. 

Ten month mean values for all infants 

mean (SEM) 
overall sample size 

% CD3 71.5 (0.7) n=134 

% CD4 51.1 (0.7) n=145 

% CD8 18.4 (0.5) n=144 

CD4/CD8 ratio 3.0 (0.1) n=143 

% ERFC 72.0 (0.7) n=123 

% B-cells 16.4 (0.4) n=142 

PHA cpm 
x 1000 

74.6 (6.3) n=62 

ConA cpm 
x 1000 

44.6 (3.4) n=62 

PW cpm 
x 1000 

9.7 (1.2) n=62 

# CD3 5353 (166) n=l 10 

# CD4 3872 (130) n=120 

# CD8 1395 (59) n=119 

# ERFC 5564 (192) n=104 

# B-cells 1292 (53) n=l 17 

IgE 
IU/ml 

4.26 (1.1) n=145 



Table B2. 

6-9 
mean (SEM) 
sample size 

% CD3 71.8 (1.3) 
n=38 

% CD4 51.7 (1.3) 
n=42 

% CD8 19.0 (0.7) 
n=41 

CD4/CD8 2.8 (0.1) 
ratio n=41 

% ERFC 71.7 (1.1) 
n=37 

% B-cells 16.6 (0.8) 
n=41 

PHA cpm 87.8 (13) 
x 1000 n=18 

ConA cpm 56.2 (7) 
x 1000 n=l 8 

PW cpm 13.0 (3) 
x 1000 n=18 

IgE 3.76 (1.2) 
IU/ml n=42 

Mean values during the first year, 
grouped by age 

Age Groups, in months 

9-12 12-17 signi
ficance3 

71.8 (0.9) 70.0 (1.7) .594 
n=74 n=22 

51.4 (0.8) 49.2 (1.8) .404 
n=79 n=24 

18.1 (0.7) 18.1 (1.2) .661 
n=79 n=24 

3.1 (0.1) 3.1 (0.2) .292 
n=78 n=24 

72.7 (0.9) 69.9 (2.0) _ .363 
n=68 n=18 

16.4 (0.5) 15.8 (1.0) .832 
n=79 n=22 

67.8 (7) 75.7 (22) .379 
n=36 n=8 

39.2 (4) 42.6 (10) .085 
n=36 n=8 

8.2 (1) 9.1 (3) .231 
n=36 n=8 

4.56 (1.1) 4.18 (1.3) .702 
n=80 n=23 

a Analyzed using parametric one-way analysis of variance. 



Table B3. 

Mean ranked values for each age group 
during the first year 

Age Groups, in months 

6-9 9-12 12-17 signifi
cance3 

% CD3 69.5 68.2 61.6 .730 
n=38 n=74 n=22 

% CD4 77.2 72.9 66.0 .582 
n=42 n=79 n=24 

% CD8 80.4 68.3 73.0 .320 
n=41 n=79 n=24 

CD4/CD8 62.8 76.9 71.9 .209 
ratio n=41 n=78 n=24 

% ERFC 61.2 64.0 56.2 .700 
n=37 n=68 9
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% B-cells 71.3 72.3 69.2 .951 
n=41 n=79 n=22 

PHA cpm 36.0 29.5 30.3 .452 
n=18 n=36 n=8 

ConA cpm 39.1 27.7 31.5 .094 

s
 

ii OO
 

n=36 n=8 

PW cpm 34.9 29.9 31.0 .622 

3
 

II OO
 

n=36 

OO II c
 

IgE 69.2 74.6 74.4 .786 
n=42 n=80 n=23 

a Analyzed using non-parametric Kruskal-Wallis one-way analysis of variance. 



Table B4. 

mean (SEM) 
sample size 

# CD3 

# CD4 

# CD8 

# ERFC 

# B-cells 

Mean values during the first year, grouped by age 

Age Groups, in months 
6-9 9-12 12-17 signfi-

cancea 

5474 (270) 
n=33 

5320 (219) 
n=60 

5237 (558) 
n=17 

.882 

4146 (258) 
n=37 

3856 (170) 
n=64 

3394 (287) 
n=19 

.172 

1503 (105) 
n=36 

1352 (79) 
n=64 

1333 (163) 
n=19 

.483 

5726 (316) 
n=32 

5572 (263) 
n=56 

5211 (583) 
n=16 

.696 

1377 (107) 
n=36 

1260 (63) 
n=64 

1234 (158) 
n=17 

.559 

a Analyzed using parametric one-way analysis of variance. 
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Table B5. 

mean (SEM) 
sample size 

# CD3 

# CD4 

# CD8 

# ERFC 

# B-cells 

Mean ranked values for each age group 
during the first year 

6-9 

60.0 
n=33 

66.1 
n=37 

67.4 
n=36 

58.4 
n=32 

63.5 
n=36 

Age Groups, in months 
9-12 12-17 

55.1 
n=60 

61.2 
n=64 

57.1 
n=64 

53.6 
n=56 

58.1 
n=64 

48.1 
n=17 

47.4 
n=19 

55.8 
n=19 

47.6 
n=16 

52.9 
n=17 

signfi-
cancea 

.450 

.158 

.300 

.484 

.543 

a Analyzed using non-parametric Kruskal-Wallis one-way 
analysis of variance. 



Table CI. 

Direction and significance of the change in mean 
values for all infants from cord blood 

to the 10 month sample 

degrees of signi-
T-value freedom ficance3 % change 

% CD3 T= -6.32 df=284 p<.001 increase 11 % 

% CD4 T= -3.29 df=312 p<.001 increase 7 % 

% CD8 T= -3.59 df=311 p<.001 increase 16 % 

CD4/CD8 
ratio 

T= 3.47 df=309 p<.001 decrease 14 % 

% ERFC T= -4.22 df=283 p<.001 increase 8 % 

% B-cells T= -2.90 df=301 p<.005 increase 11 % 

PHA cpm T= 1.65 df=191 p<.l decrease 15 % 

ConA cpm T= 6.05 df=184 p<.001 decrease 44 % 

PW cpm T= 6.06 df=184 p<.001 decrease 59 % 

a Analyzed by Independent T-test. 



Table C2. 

Direction and significance of the change in mean 
values for all infants with matched samples 
from cord blood to the 10 month sample 

mean (SEM) 
sample size 

% CD3 

% CD4 

% CD8 

CD4/CD8 
ratio 

% ERFC 

% B-cells 

PHA cpm 
x 1000 

ConA cpm 
x 1000 

PW cpm 
x 1000 

Cord 

64.5 (1.7) 
n=40 

47.8 (1.6) 
n=42 

17.2 (0.9) 
n=41 

3.1 (0.2) 
n=41 

69.9 (1.8) 
n=32 

13.9 (0.8) 
n=39 

71.9 (12) 
n=16 

89.3 (10) 
n=16 

25.6 (3.5) 
n=16 

signi-
10 month ficance3 % change 

74.0 (1.2) .000 increase 15% 

52.8 (1.2) .013 increase 10% 

21.4 (0.7) .001 increase 24% 

2.5 (0.1) .008 decrease 19% 

74.7 (1.5) .056 increase 7% 

16.7 (0.7) .004 increase 20% 

90.9 (12) .315 increase 26% 

56.4 (6.8) .010 decrease 37% 

11.1(1.7) .001 decrease 57% 

a Analyzed by Paired T-test. 



Table C3. 

Bovs 

Direction and significance of the change 
in mean values for boys and girls from cord blood 

to the 10 month sample 

T-value 
degrees of 
freedom 

signi
ficance3 % change 

% CD3 T= -4.95 df=141 p<.001 increase 12 % 

% CD4 T= -2.44 df=155 p<.02 increase 7 % 

% CD8 T= -3.78 df=152 p<.001 increase 25 % 

CD4/CD8 
ratio 
% ERFC 

T= 

T= 

3.82 

-3.07 

df=152 

df=143 

p<.001 

p<.005 

decrease 19 % 

increase 7 % 

% B-cells T= -1.97 df=150 p<.05 increase 10 % 

PHA cpm T= 0.23 df=89 NS decrease 3 % 

ConA cpm T= 3.41 df=87 p<.001 decrease 39 % 

PW cpm T= 3.38 df=87 p<.001 decrease 50 % 

Girls 

% CD3 T= -3.32 df=121 p<.001 increase 8 % 

% CD4 T= -1.50 df=132 NS increase 5 % 

% CD8 T= -0.90 df=133 NS increase 6 % 

CD4/CD8 
ratio 
% ERFC 

T= 

T= 

1.09 

-2.07 

df=132 

df=l14 

NS 

p<.05 

decrease 7 % 

increase 6 % 

% B-cells T= -1.25 df=128 NS increase 8 % 

PHA cpm T= 2.47 df=83 p<.02 decrease 30 % 

ConA cpm T= 5.73 df=81 p<.001 decrease 51 % 

PW cpm T= 5.89 df=81 p<.001 decrease 69 % 

a Analyzed by Independent T-test. 
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Table Dl. 

Cord blood mean values by ethnicity 

Not Anglo At Least One signifi-
Anglo Parent cance15 

mean (SEM) 
sample size 

% CD3 63.0 (2.5) 64.0 (1.3) .730 
n=17 n=56 

% CD4 48.3 (2.2) 48.0 (1.3) .909 
n=17 n=60 

% CD8 16.1 (2.0) 16.1 (0.8) .981 
n=17 n=60 

CD4/CD8 3.7 (0.5) 3.4 (0.2) .545 
ratio n=17 n=60 

% ERFC 65.3 (2.1) 68.0 (1.6) .309 
n=18 n=55 

% B-cells 14.8 (1.2) 13.6 (0.6) .387 
n=17 n=57 

PHA cpm 97.9 (12) 91.9 (8.7) .679 
x 1000 n=14 n=48 

ConA cpm 95.9 (9.1) 85.7 (6.6) .366 
x 1000 n=13 n=46 

PW cpm 30.9 (3.6) 25.6 (2.7) .256 
x 1000 n=13 n=46 

a This includes only the CRS infants enrolled at birth, 
b Analyzed by Independent T-tests. 



Table D2. 

Cord blood mean ranked values by ethnicity 

Not Anglo At Least One signifi
Anglo Parent cance3 

% CD3 34.7 37.7 .615 
n=17 n=56 

% CD4 39.7 38.8 .878 
n=17 n=60 

% CD8 36.8 40.0 .640 
n=17 n=60 

CD4/CD8 41.2 38.4 .650 
ratio n=17 n=60 

% ERFC 30.6 39.1 .143 

a
 ii 00
 

n=55 

% B-cells 41.9 36.2 .331 
n=17 n=57 

PHA cpm 33.6 30.9 .625 
n=14 n=48 

ConA cpm 33.4 29.0 .421 
n=13 n=46 

PW cpm 36.2 28.3 .144 
n=13 n=46 

a This includes only the CRS infants enrolled at birth. 
k Analyzed using non-parametric Kruskal-Wallis one-way analysis of variance. 



Table El. 

Cord blood mean values by gender 

mean (SEM) 
sample size 

% CD3 

% CD4 

% CD8 

CD4/CD8 
ratio 

ERFC 

% B-cells 

Boys 

63.7 (1.2) 
n=71 

47.4 (1.0) 
n=80 

14.8 (0.7) 
n=79 

3.7 (0.2) 
n=79 

67.2 (1.2) 
n=77 

15.4 (0.6) 
n=76 

Girls 

66.4 (1.3) 
n=61 

49.0 (1.4) 
n=66 

17.3 (0.8) 
n=66 

3.3 (0.2) 
n=66 

68.0 (1.6) 
n=61 

14.5 (0.6) 
n=64 

signifi
cance3 

.131 

.355 

.022 

.139 

.692 

.307 

PHA cpm 
x 1000 

ConA cpm 
x 1000 

PW cpm 
x 1000 

84.2 (7.2) 
n=59 

73.5 (5.6) 
n=57 

21.4 (2.0) 
n=57 

96.5 (7.4) 
n=55 

89.4 (5.2) 
n=53 

28.0 (2.4) 
n=53 

.239 

.042 

.039 

a Analyzed by Independent T-tests. 



Table E2. 

Cord blood mean ranked values by gender 

Boys Girls signifi
cance3 

% CD3 62.0 71.7 .146 
n=71 n=61 

% CD4 71.3 76.2 .487 
n=80 n=66 

% CD8 65.4 82.1 .017 
n=79 n=66 

CD4/CD8 78.7 66.1 .072 
ratio n=79 n=66 

% ERFC 66.9 72.8 .391 
n=77 n=61 

% B-cells 73.0 67.5 .419 
n=76 n=64 

PHA cpm 54.0 61.2 .246 
n=59 n=55 

ConA cpm 49.5 61.9 .041 
n=57 n=53 

PW cpm 49.4 62.1 .038 
n=57 n=53 

a Analyzed using non-parametric Kruskal-Wallis one-way analysis of variance. 



Table E3. 

Cord blood mean values by gender, CRS infants 

mean (SEM) 
sample size 

% CD3 

% CD4 

% CD8 

CD4/CD8 
ratio 

% ERFC 

% B-cells 

PHA cpm 
x 1000 

ConA cpm 
x 1000 

PW cpm 
x 1000 

Boys 

62.6 (1.7) 
n=38 

48.1 (1.7) 
n=40 

15.0 (0.9) 
n=40 

3.7 (0.2) 
n=40 

66.2 (1.9) 
n=38 

14.4 (0.7) 
n=39 

86.2 (11) 
n=32 

76.5 (8) 
n=30 

22.7 (3) 
n=30 

Girls 

65.1 (1.6) 
n=34 

48.1 (1.5) 
n=36 

17.3 (1.2) 
n=36 

3.3 (0.3) 
n=36 

68.7 (1.7) 
n=34 

13.3 (0.8) 
n=34 

102.0 (9.8) 
n=29 

98.5 (6) 
n=28 

30.0 (3) 
n=28 

signifi
cance3 

.298 

.969 

.125 

.264 

.350 

.293 

.294 

.033 

.116 

a Analyzed by Independent T-test. 



Table E4. 

Cord blood mean values by gender, non-CRS infants 

Boys Girls signifi
cance3 

mean (SEM) 
sample size 

% CD3 64.9 (1.7) 68.0 (2.1) .258 
n=33 n=27 

% CD4 46.8 (1.2) 30.1 (2.5) .240 
n=40 n=30 

% CD8 14.6(1.1) 17.4(1.3) .094 
n=39 n=30 

CD4/CD8 3.7 (0.2) 3.3 (0.3) .347 
ratio n=39 n=30 

% ERFC 68.2 (1.5) 67.2 (2.9) .762 
n=39 n=27 

% B-cells 16.5(1.0) 15.9(0.9) .691 
n=37 n=30 

PHA cpm 81.3 (10) 90.4 (11) .548 
x 1000 n=27 n=26 

ConA cpm 70.2 (8) 79.1 (8.5) .450 
x 1000 n=27 n=25 

PW cpm 20.0 (2.7) 25.9 (.5) .186 
x 1000 n=27 n=25 

a Analyzed by Independent T-test. 



Table F. 10 month mean values by gender 

Boys Girls signifi
mean (SEM) cance3 

sample size 
% CD3 71.5 (1.0) 71.5 (0.8) .990 

n=72 n=62 

% CD4 50.7 (0.8) 51.6 (1.0) .457 
n=77 n=68 

% CD8 18.4 (0.7) 18.3 (0.7) .873 
n=75 n=69 

CD4/CD8 3.0 (0.1) 3.1 (0.1) .501 
ratio n=75 n=68 

% ERFC 72.0 (0.9) 72.0 (1.0) .991 
n=68 n=55 

% B-cells 17.0 (0.5) 15.6 (0.6) .090 
n=76 n=66 

PHA cpm 81.4 (9) 67.3 (8) .262 
x 1000 n=32 n=30 

ConA cpm 44.9 (5) 44.2 (5) .924 
x 1000 n=32 n=30 

PW cpm 10.7 (2) 8.7 (1) .421 
x 1000 n=32 n=30 

# CD3 5.3 (0.2) 5.4 (0.2) .654 
x 1000 n=59 n=51 

# CD4 3.9 (0.2) 3.9 (0.2) .941 
x 1000 n=64 n=56 

# CD8 1369 (83) 1422 (85) .661 
n=62 n=57 

# ERFC 5.5 (0.3) 5.6 (0.2) .927 
x 1000 n=57 n=47 

# B-cells 1320 (68) 1259 (82) .568 
n=63 n=54 

a Analyzed by Independent T-test. 



Table G. 

Dependence of 10 month serum IgE levels 
on cord cellular immune values 

Plot3 
sample 
size 

correlation 
coefficient 

signifi
cance^5 

% CD3 vs IgE 40 .11 .49 

% CD4 vs IgE 42 -.02 .87 

% CD8 vs IgE 42 -.18 .26 

CD4/CD8 
ratio vs IgE 

42 .05 .75 

% ERFC vs IgE 40 .05 .75 

% B-cells vs IgE 40 .05 .78 

PHA cpm vs IgE 34 -.33 .06 

ConA cpm vs IgE 33 .27 .14 

PW cpm vs IgE 33 .30 .09 

a Correlation plot: log IgE versus lymphocyte values 
k Significance level for correlation coefficient 



Table HI. 

Association of low and high cord IgE with 
cellular immune mean values in cord blood 

Low cord IgE High cord IgE signifi
cance3 

mean (SEM) 
sample size 

% CD3 65.8 (2.1) 63.8 (1.6) .440 
n=19 n=45 

% CD4 46.7 (2.4) 49.3 (1.3) .354 
n=19 n=49 

% CD8 16.5 (1.4) 16.1 (0.9) .807 
n=19 n=47 

CD4/CD8 3.1 (0.2) 3.5 (0.2) .214 
ratio n=19 n=49 

% ERFC 72.2 (2.7) 66.6 (1.4) .075 
n=16 n=48 

% B-cells 13.7 (1.1) 13.6 (0.7) .922 
n=19 n=46 

PHA cpm 98.6 (13) 91.7 (9.5) .665 
x 1000 n=18 n=39 

ConA cpm 97.8 (10) 81.9 (6.7) .182 
x 1000 n=18 n=36 

PW cpm 32.5 (3.8) 24.3 (2.9) .099 
x 1000 n=18 n=36 

a Analyzed by Independent T-test. 



Table H2. 

Correlation of 10 month serum IgE levels 
with 10 month cellular immune determinants 

Plot3 
sample 
size 

correlation 
coefficient 

signifi
cance'3 

% CD3 vs IgE 127 .08 .38 

% CD4 vs IgE 136 -.03 .75 

% CD8 vs IgE 135 .16 .07 

CD4/CD8 
ratio vs IgE 

134 -.15 .08 

% ERFC vs IgE 117 .05 .86 

% B-cells vs IgE 13 .05 .54 

PHA cpm vs IgE 61 .01 .95 

ConA cpm vs IgE 61 .07 .57 

PW cpm vs IgE 61 .05 .69 

# CD3 vs IgE 104 -.02 .87 

# CD4 vs IgE 112 -.08 .42 

# CD8 vs IgE 111 .08 .37 

# ERFC vs IgE 99 -.11 .29 

# B-cells vs IgE 110 .07 .44 

a Correlation plot: log IgE versus lymphocyte values 
b Significance level for correlation coefficient 
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Table II. 

Cord blood mean values by parental 
history of asthma 

Asthma No Asthma signifi
cance3 

mean (SEM) 
sample size 

% CD3 56.8 (2.6) 66.2 (1.3) .004 
n=18 n=44 

% CD4 43.9 (1.8) 49.3 (1.4) .025 
n=18 

r*» Tf II c
 

% CD8 14.4 (1.4) 16.2 (1.0) .293 
n=18 n=47 

CD4/CD8 3.4 (0.3) 3.5 (0.2) .720 
ratio n=18 D

 II -J
 

% ERFC 63.8 (2.5) 67.6 (1.7) .220 
n=16 n=45 

% B-cells 12.7 (0.9) 14.6 (0.8) .115 
n=18 n=44 

PHA cpm 90.1 (15) 91.3 (8.9) .944 
x 1000 n=16 n=38 

ConA cpm 91.9 (10) 89.6 (6.3) .852 
x 1000 n=15 n=38 

PW cpm 28.8 (5.0) 26.2 (2.7) .655 
x 1000 n=15 n=38 

a Analyzed by Independent T-test. 



Table 12. 

Cord blood mean ranked values by 
parental history of asthma 

Asthma No Asthma signifi
cance3 

% CD3 20.8 35.9 .0029 00 IF e
 n=44 

% CD4 24.5 36.3 .0247 
n=18 n=47 

% CD8 29.1 34.5 .307 
n=18 n=47 

CD4/CD8 32.7 33.1 .930 
ratio n=18 n=47 

% ERFC 25.7 32.9 .166 
n=16 n=45 

% B-cells 26.6 33.5 .167 
n=18 n=44 

PHA cpm 27.7 27.4 .947 

s
 

II Ch
 

n=38 

ConA cpm 28.3 26.5 .700 
n=15 n=38 

PW cpm 27.6 26.8 .851 
n=15 n=38 

a Analyzed using non-parametric Kruskal-Wallis one-way analysis of variance. 
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Table J. 

The influence of diet on 10 month cellular 
immune and serum IgE mean values 

Diet 1: No breast milk; formula-fed only. 
Diet 2: Breast milk and formula less than three months, after 3 months, no breast 

milk. Most were breast-fed less than 1 month. 
Diet 3: Breast-fed longer than 4 months, also supplemented with formula before4 

months. 
Diet 4: Breast-fed exclusively through 4 months. After 4 months diet included 

formula. 

Diet na mean CIb Pc 

% CD3 1 22 70.2 (66.1 - 74.2) 
2 31 72.1 (68.7 - 75.6) .71 
3 28 72.3 (70.0 - 74.7) 
4 41 70.8 (68.7 - 73.0) 

% CD4 1 27 50.4 (47.1 - 53.7) 
2 36 50.4 (48.0 - 52.7) .67 
3 28 52.6 (49.5 - 55.7) 
4 42 51.0 (48.4 - 53.7) 

% CD8 1 27 18.7 (16.2 - 21.1) 
2 35 17.5 (15.7 - 19.4) .82 
3 29 18.7 (16.2 - 21.2) 
4 41 18.4 (16.4 - 19.7) 

CD4/CD8 1 27 2.95 (2.5 - 3.4) 
ratio 2 35 3.12 (2.8 - 3.4) .89 

3 28 3.06 (2.7 - 3.4) 
4 41 3.01 (2.7 - 3.3) 

% ERFC 1 22 70.4 (67.5 - 73.3) 
2 30 72.4 (69.9 - 74.9) .62 
3 24 73.0 (70.0 - 75.9) 
4 36 72.8 (69.9 - 75.8) 

% B- 1 25 16.0 (13.7 - 18.3) 
cells 2 35 15.8 (14.0 - 17.6) .69 

3 29 17.2 (15.3 - 19.2) 
4 41 16.3 (14.9 - 17.6) 

a Sample size 
k 95 percent confidence interval for the mean 
c Significance level for ANOVA 
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Table J cont. 

Diet na mean CIb Pc 

# CD3 1 17 4812 (4006 - 5619) 
2 27 5652 (4868 - 6436) .42 
3 22 5614 (4773 - 6456) 
4 37 5355 (4845 - 5866) 

# CD4 1 21 3522 (3031 - 4013) 
2 32 4058 (3499 - 4618) .48 
3 22 4137 (3381 - 4892) 
4 38 3867 (3433 - 4301) 

# CD8 1 21 1327 (1076 - 1577) 
2 31 1394 (1200 - 1590) .91 
3 23 1473 (1119 - 1828) 
4 37 1414 (1178 - 1650) 

# ERFC 1 17 5187 (4149 - 6226) 
2 28 5803 (4905 - 6702) .74 
3 19 5827 (4980 - 6676) 
4 34 5571 (4948 - 6195) 

# B- 1 19 1233 (968 - 1499) 
cells 2 31 1267 (1077 - 1458) .71 

3 23 1424 (1124 - 1726) 
4 37 1297 (1107 - 1489) 

a Sample size 
b 95 percent confidence interval for the mean 
c Significance level for ANOVA 
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Table J cont. 

Diet na mean CIb Pc 

PHA cpm 1 16 61.5 (34 - 89) 
x 1000 2 16 66.8 (44 - 89) .62 

3 12 84.7 (51 - 118) 
4 14 76.6 (47 - 106) 

ConA cpm 1 16 30.4 (19 - 42) 
x 1000 2 16 51.3 (37 - 65) .08 

3 12 51.1 (34 - 68) 
4 14 43.4 (29 - 58) 

PW cpm 1 16 7.5 (3.2 - 12) 
x 1000 2 16 11.6 (6.9 - 16) .28 

3 12 12.9 (2.9 - 23) 
4 14 6.8 (4.0 - 9.6) 

IgE 1 25 3.81 (2.45 - 5.91) 
IU/ml 2 36 4.56 (3.13 - 6.64) .93 

3 31 4.55 (2.71 - 7.64) 
4 42 4.28 (2.82 - 6.12) 

a Sample size 
k 95 percent confidence interval for the mean 
c Significance level for ANOVA 



Table K. 

Serum IgE level in each diet group 
according to cord blood immune variables 

Formula Breast milk Mixed Diet 
only only 

Cord Blood: 
mean (SEM) 
sample size 

Low % CD3 4.1 (4) 3.1 (1) 4.7 (2) 
n=3 n=6 n=7 

Hi % CD3 8.7 (1) 7.0 (2) 4.9 (2) 
n=3 n=5 n=l1 

Low % CD4 

Hi % CD4 

5.0 (3) 
n=2 

6.5 (1) 
n=4 

5.4 (1) 
n=3 

5.0(1) 
n=9 

4.5 (1) 
n=9 

5.0 (2) 
n=10 

Low % ERFC 

Hi % ERFC 

4.11 (3) 
n=3 

8.73 (2) 
n=3 

Low % CD8 

Hi % CD8 

7.22 (3) 
n=3 

4.53 (3) 
n=3 

4.95 (3) 
n=5 

5.42 (4) 
n=8 

4.98 (2) 
n=6 

4.72 (3) 
n=l 1 

7.12 (3) 
n=4 

5.51 (6) 
n=7 

3.87 (2) 
n=8 

4.73 (3) 
n=12 
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CHAPTER FOUR 

DISCUSSION 

The cord blood sample analyzed by Kibler et al (74) is included within the 

present sample, their mean values are presented in Table L. Combined mean values 

as reported in other literature are presented in Table N. Comparing the present 

cord blood mean values with the combined mean values reported in the literature 

(62,73) and with Kibler et al (74) reveals no significant differences. Neonatal mean 

values as reported in the literature are presented in Table M (76,78). There are no 

significant differences between neonatal values and cord blood values in the present 

study except the percent ERFC cell count. The count reported by Christiansen et al 

(76) is significantly lower. This difference may be due to the fact that in the 

present study lymphocytes were incubated with sheep red blood cells at 4° C 

overnight (74) whereas in Juto et al (33) and Christiansen et al (76) they were 

incubated at 37° for 10 to 15 minutes. Perhaps the shorter incubation times for the 

Scandinavian studies eliminates binding of SRBC to some lymphocytes resulting in 

lower counts. The present study provides the largest sample size to date for cord 

blood, being nearly ten times as large as previously published works. The current 

Clinical Laboratory Handbook does not include normal values for cord blood (77). 



Table L. 

Mean values for cellular immune variables in cord 
blood and adults as reported by Kibler et al (74) 

mean (SD) 
Cord Blood Adult 

% CD3 67 (8) n=53 72 (7) n=23 
% CD4 48 (9) n=54 49 (9) n=24 
% CD8 14 (5) n=53 27 (6) n=24 
CD4/CD8 ratio 3.9 (1.2) n=53 1.8 (0.4) n=24 
% ERFC 69 (9) n=51 76 (8) n=26 
% B-cells 15 (4) n=51 16 (5) n=25 
PHA cpm xlOOO 86 (45) n=49 58 (30) n=26 
Con A cpm xlOOO 84 (40) n=50 30 (14) n=26 
PHA cpm xlOOO 27 (17) n=50 14 (7) n=26 

Table M. 

Neonatal mean values as reported in the literature3 

% CD3 63 (2) n=17 
% CD4 45 (2) n=17 
% CD8 20 (2) n=17 
% ERFC 55 (7) n=29 
% B-cells 14 (7) n=29 

a (76,78) 



Table N. 

Combined mean values for cord blood and adult 
samples compared to cord blood and 10 month mean 

values for the present study 

Corda Cord 10 months Adult*5 

Other present present 
(SD) (SEM) (SEM) (SD) 

% CD3 64 (.9) 72 (.7) 72 (6) 
n=152 n=134 n=83 

% CD4 48 (.8) 51 (.7) 45 (7) 
n=167 n=145 n=84 

% CD8 16 (.5) 18 (.5) 28 (6) 
n=167 n=144 n=84 

CD4/CD8 3.5 (.1) 3 (.1) 1.7 (.4) 
ratio n=166 n=143 n=74 

% ERFC 75 (7) 67 (1) 72 (.7) 76 (9) 
n=12 n=160 n=123 n=109 

% B- 12 (5) 15 (.4) 16 (.4) 13(9) 
cells n=18 n=161 n=142 n=108 

PHA cpm 88 (5) 75 (6) 58 (31) 
x 1000 n=131 n=62 n=26 

ConA cpm 80 (4) 45 (3) 30 (14) 
x 1000 n=124 n=62 n=26 

PW cpm 24 (2) 10(1) 14 (7) 
x 1000 n=124 n=62 n=26 

* (62,73) 
b (73,74,76,78,79) 
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Comparison of 10 month mean values in the present study with combined 

adult mean values is presented in Table M. In light of the fact that the adult means 

were computed from several studies and are estimates of mean values, the present 

study mean values for 10 months are compared with the adult values. The 10 month 

percent CD3 counts and the response to PHA, ConA and PW mitogens not 

significantly different from adult values. The 10 month percent CD4 cell count is 

higher than the adult cell count, as is the CD4/CD8 ratio. The percent CD8 cell 

count is lower. Mean values for the percent CD3, CD4, CD8 cells and T4/T8 ratio 

during the latter half of the first year have not been previously recorded. 

The immune system of infants changes significantly from birth to the latter half 

of the first year. In general, the present study reports that the percent of each 

lymphocyte subpopulation increases and the proliferative response to mitogenic 

stimulation decreases. Since there is no difference in mean values for any variables 

between the three age groups which constitute the 10 month sample, this change has 

occurred by 6-9 months of age. The immune system of the newborn, with respect to 

cord blood, does not appear to be immature (62). Infants at birth are antigen naive 

(80), except for possible transplacental transfer of maternal blood-borne antigens. 

Though their values at birth differ significantly from those in the latter half of the 

first year and from those of adults, cord blood values may only represent lack of 

antigenic stimulation. 

There are slight differences between the independent and paired T-test results of 

the change from cord blood to 10 months. With an independent T-test the percent 

CD3, CD4, CD8, ERFC, and B-cells cell counts all increase significantly. The 

CD4/CD8 ratio, ConA and PW mitogen responses decreased. The PHA response did 
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not change. The paired T-test gives the same results, however, the change in 

percent ERFC cell counts is not significant. This may be due solely to the small 

sample size. In general, the large sample size included by the independent T-test 

must be weighed against the decrease in inter-subject variability afforded by the 

paired T-test (70,71). In this case the sample size gained by the independent T-test 

outweighs the decrease in variability. However, the paired T-test confirms the 

findings of the independent T-test, giving assurance that the changes observed in the 

population as a whole are indeed occurring individually. The paired T-test also 

identified the correlation between percent CD3 cell counts at birth and 10 months, 

not possible with independent T-test analysis. 

Boys may represent a different group from girls at birth with respect to several 

immune variables. Girls appear to be more 'mature' at birth because their values for 

percent CD4, percent CD8, CD4/CD8 ratio and B-cell counts do not change 

significantly from birth to the latter half of the first year. Because the values for 

girls are higher in cord blood; there is less change from birth to 10 months in girls, 

however at 10 months boys and girls do not differ in any mean values. 

Gender also influences the percent of CD8 cells, and the proliferative responses 

to ConA and PW mitogens in cord blood, with boys having significantly lower mean 

values. Kibler et al did not find any differences due to gender in the percent CD8 

cell counts, nor in the response to ConA and PW mitogens in cord blood (74). The 

sample size in her study was about SO infants, and is included in the present study. 

Since the gender differences reported here are so subtle, the p-values between .05 

and .01, it suggests that these differences become significant only when sample sizes 

are large, or, that the differences are spurious. 
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This difference between boys and girls suggests that an association between high 

cord IgE levels in boys and lower percent CD8 cells may be present. Boys have been 

reported to have a raised cord IgE at birth as well as a greater and earlier incidence 

of atopic disease (15). In the present study 69.0 percent of the boys have detectable 

cord blood IgE (58/84) and 62.8 percent of the girls (49/78), a difference that is not 

significant. In the present study there were no differences in the percent CD8 cell 

count, ConA or PW mitogen responses between those with high or low cord IgE. 

This is not to say that there is no relationship, but highlights one of the limitations 

of this study. Although 167 percent CD8 values and 162 serum IgE were determined 

at birth, only 68 infants were included in both analyses. Therefore, the sample size 

for correlation analyses is approximately 60 to 70 infants. Subdivision of groups by 

gender further reduces group size. Differences due to gender had minor statistical 

significance and significance is often associated with sample size so that lack of 

correlation might be the result of the small number included in each group. 

The present study was unable to find any association between cellular immune 

variables in cord blood and the development of elevated serum IgE. The association 

between decreased percent CD8 cell counts at one month and the development of 

atopic eczema observed by Chandra et al (14) may be attributed to measuring immune 

values at one month of age rather than in cord blood. By combining the data 

presented in their study regardless of family history of atopy, their results at one to 

two months of age can be summarized as follows: 

n % CD4 % CD8 CD4/CD8 

Symptomatic: 24 47.5 (4) 19.3 (2) 2.7 (.4) 

Healthy: 36 47.0 (5) 26 (2) 2.0 (.2) 



70 

Both of the percent CD4 cell counts correspond well to the counts observed in the 

present study for cord blood. The CD8 count observed in symptomatic infants 

corresponds to normal cell count observed in the present study in the 10 month age 

group. However, the very high percent CD8 count observed in the healthy infants at 

one month correspond to levels observed in adults, Table M. The 95 percent 

confidence interval for the percent CD8 cell count for the 10 month age group in 

the present study is 17.4 to 19.3. The percent CD8 cell count observed by Chandra 

et al in healthy 1-2 month old infants is outside the 95 percent confidence interval 

for the either cord blood or 10 month age group as reported here or neonatal values 

reported by Pahwa (78). The Chandra study has a small sample size and disagrees 

with normal values reported here and in Pahwa et al (78). 

Though the literature has reported the co-occurrence of atopy or high serum IgE 

with cellular immune irregularities (13,32), no association was found in the present 

study either in cord blood or at 10 months. 

Juto et al (33) found that infants with heredity for asthma had a decreased 

percent ERFC cells. As measured at one month: 

n % ERFC (SEM) 

No heredity: 19 60 (2) 

Heredity overall 54.7 (2) 
for Asthma: 10 43.9 (4) 

Compared to the mean value for cord blood percent ERFC cell counts in the present 

study, even those without heredity for asthma have low percent ERFC cell counts. 

Only 5 percent of cord blood ERFC cell counts fall below 45 percent in the present 

study. Indeed, independent T-test of the overall mean observed by Juto et al (33) 
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and the cord blood mean observed in the present study are significantly different. 

This difference may be due to the variations in technique as mentioned. 

In the present study, heredity for asthma was associated with a significantly 

decreased percent CD3 and CD4 cell counts. Developmentally, CD4 is one of the last 

markers expressed, any CD4 positive cell should by CD3 positive (3). The correlation 

in the present study is strong, r=.60 pc.OOl, but not absolute. Traditionally also CD3 

positive cells are also CD2 positive (3), correlation in the present study, r=.73 p<.001. 

One might expect that if the percent ERFC are low, the percent of CD3 cells would 

also be low. However, in this case the percent of ERFC cells are not low, but the 

percent of CD3 and CD4 cells are low. However it could be that the CD3 cell count 

was more closely measured by Juto with their short incubation time assay. 

Stephens et al observed that formula fed infants had higher responses to PHA 

and PW mitogens between 6 and 9 months compared to breast fed infants (57). 

These researchers grouped infants initially breast-fed with the group solely breast

fed, and thus the comparison was between formula only and breast only/breast plus 

formula. 

The present study was unable to confirm their findings. In fact, the solely 

formula-fed group had the lowest proliferative responses to PHA. Breast-fed infants 

had the lowest response to PW mitogen, formula-fed only slightly higher, and the 

mixed diet groups nearly twice as high. 

The method of feeding had no significant effect on the development of serum 

IgE. Other factors may modulate the development of atopy in infancy related to 

feeding. Cow's milk allergy may be mediated by IgE in breast-fed infants and by 

other mechanisms in cow's milk fed infants (47). What is diagnosed as "allergies" 



may not always be associated with IgE. Maternal IgA can influence antigen passage 

into the milk and infant allergy (81). In eleven infants showing signs of allergic 

disease, their mothers' breast milk had lower total IgA and specific IgA to cow's 

milk compared to mothers of non-allergic infants. They also found breast milk IgA 

levels more closely related to infant symptom scores than parental atopic heredity 

(81). It appears that inadequate quantities of maternal IgA to food allergens may 

play a permissive role in the development of allergic disease. Cow's milk feeding 

also had no effect on serum IgE levels in either infants with low or normal T-cells 

if it was introduced after 3 months of age (82). 
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Girls have higher percent CD8 cell counts and proliferative responses to ConA 

and PW mitogens in cord blood compared to boys. Girls demonstrate no significant 

change in their percent CD4, CD8, B-cell cell counts or CD4/CD8 ratio from cord 

blood to 10 months, whereas boys do. At 10 months, mean values for boys and girls 

are roughly equivalent. At 10 months, the percent CD3, ERFC, B-cell counts and 

responses to mitogens are not significantly different from adult values. Ethnicity 

had no effect on cellular mean values in cord blood. Cord blood cellular immune 

values had no effect on subsequent serum IgE levels. There was no association of 

any cellular immune values with IgE either in cord blood or 10 month samples. 

There was no differential effect of the method of feeding either on subsequent 

cellular immune values or serum IgE levels. A parental history of asthma was 

associated with an increased cord blood percent CD3 and CD4 cell count compared to 

infants without this history. There was no effect of the method of feeding on 

subsequent serum IgE levels when superimposed on cord blood cellular immune values. 

0 
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