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Original article

The value of cord serum interferon-gamma estimatdhe prediction of
first year allergies.

Background: It was previously assumed that interferon-gamma (IFN-))
underexpression in newy born infants could be a risk factor for atopic
diseases.

Objective: We sought to investigate the value of cord serum IFN-yin the
prediction of infantile allergy and its possible correlations with other
relevant markers.

Methods: Eighty mother-newborn pairs were enrolled consecutively at
delivery. The family history of allergy was inquired about and then cord
blood was tested for eosinophil and basophil counts and serum total IgE,
IgD, and IFN- ). The infants were followed up for one year for subsequent
development of allergic disorders.

Results: Twenty-eight infants (35%) developed first year allergies, of whom
19 (68%) had a positive family history of atopy. Atopic dermatitis
constituted 57% of the forms of allergy detected. Cord serum IFEN-y
concentration at birth was significantly lower in infants who developed
allergiesduring the first year of life (2.842 pg/ml) as compared to those who
did not (13.6#6.1 pg/ml, p<0.05). Only 11 cord serum samples (14%)
contained detectable levels of total IgE. However, 64% of neonates with
measurable cord serum IgE developed allergy subsequently. Cord serum
IgD concentrations were below the detection limit (5 mg/L) of the method
employed. Cord blood basophil, eosinophil and total leucocytic counts were
negatively correlated to cord serum IFN- ylevels.

Conclusions: Our findings imply that the family history of atopy is still the
most important predictor of allergy. Estimation of cord serum IFN-y in
genetically predisposed babies might raise the predictive value.
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levels in chronic asthmatics in addition to the

INTRODUCTION expected high level of 2 cytokine&®.
Early abnormalities in immune development of It was assumed that IF{éeficiency in newly
allergic individuals may help defining disease porn infants could be a risk factor for the
pathogenesis and may direct future preventiongevelopment of atopic diseases and deficient
strategie§ Atopy has been linked to skewing of production of this cytokine by cord blood
immune responses away from alTtoward a 12 mononuclear cells (CBMC) was demonstrated in
profile with subsequent imbalance betweenl T jnfants with family history of atopy and those who
cytokines such as interfergn{IFN-y) and T2  developed allergic diseases during the first two
cytokines such as IL-4, IL-5 and IL-43 years of lifé®° Nevertheless, Row and associates

The influence of IFN¢ on atopy and allergic jdentified elevated IFN- production by CD8+ T
inflammation seems to be pleiotropic. Ifas got  cells from cord blood samples and this was strongly
an inhibitory effect on mast cells and togethehwit associated with atopy development in high risk
IL-12 it inhibits IL-5 production by T cells and children at 2 years. It seems that the role of {fN-

activates 1 responsés. It may also inhibit IL-4  progression from high risk status to active diséase
and IL-13 induced IgE productibnOn the other |ess clear.

hand, IFNy has been found to maintain chronic The increasing prevalence of allergy has
allergic inflammation particularly in asthmatic focused attention on primary prevention and the
airways and this may explain the elevated IFN- great need for early life prediction of allergytbat
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“at-risk” children can be accurately defined and e« Presence of symptoms and/or signs of atopic

preventive measures promptly institutedUp till diseases such as:

now, no test for allergy holds high predictivitydan - Atopic eczema (atopic dermatitis).

this was the stimulus for the study. It is aimed to - Wheezing attacks relieved By-stimulants.
evaluate the role of cord serum IFNxpression in - Urticaria and angioneurotic edema.

the prediction of allergy within the first year life - Allergic rhinitis, allergic conjunctivitis or both
and its possible relations to other relevant marker  (allergic rhinoconjunctivitis).

of allergic disease. The alterations in this cyteki - Anaphylaxis.

may influence the future strategies for prevention - Symptoms and signs suggestive of food allergy
and treatment in allergy-prone neonates. including gastrointestinal disorders.
METHODS Study measurements:

Study population: Umbilical cord whole blood samples (5 ml) were

The study was conducted on 80 consecutive ternsubjected to complete blood counting especially for
deliveries that took place in the Maternity Hospita eosinophils, basophils and platelets using coulter
of Ain Shams University, Cairo. Preterm and post-electronic automated system (Sysmex, K-model-
term deliveries were excluded to avoid interferencel000, Japan). Aliquots of serum were separated
Mothers: from another 5 ml sample by centrifugation at 1500
The mothers were interrogated prior to labor forrpm at room temperature. IFpNestimation in cord
the duration of pregnancy, active or passiveserum was performed by the ELISA technique
smoking, prenatal maternal illness and personal o(Boehringer Mannheim GmbH, Sandhofer Str. 116,
family history of atopy. Atopic predisposition dfe  D-68305 Mannheim). It is a photometric enzyme
offspring or positive family history of atopy was linked assay for the quantitative determination of
defined as at least one parent, older sibling ohuman IFNy in streptavidin-coated microtiter
second degree relative who has an atopic difease plates. Serum total IgE was carried out by
Neonates: enzymatic immunoassay (Eurogenetics, Seppim,
The neonates were classified according to thezone industrielle, 61500 SEES, France). Serum
family history of allergy (FHA) into two groups. total IgD was assayed by radio-immunodiffusion
The first group comprised 44 neonates (55%) with a BINDARID, The Binding Site LTD, Birmingham,
negative FHA. These were 21 males and 23 femaleg29 6AT, England). The method involves antigen
whose gestational ages ranged between 37 and 4iffusion radialy from a cylindrical well throughma
weeks (mean 38.8 1.2 weeks). Forty one neonates agarose gel containing an appropriate mono-
(93%) were born by normal vaginal delivery (NVD) specific antibody. Antigen-antibody complexes then
and 3 (7%) were born by cesarean section (CS)form a precipitin ring. A calibration curve was
Thirty six neonates (45%) with a positive FHA constructed by measuring the ring diameters
constituted the second group and they comprised 2Broduced by a number of samples of known
males and 14 females. Their gestational ages rangesbncentration. The IgD concentration was
between 38 and 40 weeks (mean 3812 weeks). determined by measuring the ring diameter and
Thirty one babies (86%) were born by NVD and plotting it against the calibration curve.

five (14%) were born by CS.

The newly born babies underwent clinical Statistical Analysis.

evaluation at birth for the presence of congenitalData were analyzed using a statistical Software
anomalies. Apgar scoring was estimated at 5package V.5 (StatSoft, Tulsa OK, USA). All
minutes and scores 8 were considered norm&l numeric data were expressed as meastandard
Birth weight, crown heel length, and skull deviation (SD). Data were analyzed using the
circumference measurements were recorded irstudent “t” test to compare mean values. Non-
relation to normal percentiles for gestational'dage  parametric variables were analyzed using the Man
The infants were followed up for a period of 1 year Whitney or Wilcoxon rank signed tests “z”. Pearson

and the following was recorded: “r” correlation coefficient was used to determine
» Type of milk feeding whether breast, formula or the relationship between different numeric

mixed feeding. variables. Chi-square?) test was used to compare
« Age of weaning in months. the frequency of qualitative variables among the
« Exposure to passive smoking. different groups. For all tests, a probability @)

less than 0.05 was considered significant.

11



Cord serum IFN- .

RESULTS subsequent allergic disorder during the one year
Eighty babies were enrolled in this study andfollow up period. Maternal allergy was associated
followed up for one year to look for symptoms and with a higher frequency of allergy in the offspring
signs of allergic disorders. Their birth weight 14 infants (74%) of the allergic group belonged to
percentiles (mean 514 25.5), crown heel length allergic mothers whether they had another allergic
(mean 56.8+ 22.5) and occipito-frontal skull Person in the family (in 4 infants) or not, while 5
circumference (mean 761218.9) percentile values allérgic infants (26%) had a history of allergytime
ranged between the l@nd 98 for age. The Apgar father+ another family member.
scores at 5 minutes ranged from 7 up to 10 with a  The presence of a positive family history of
mean score of 8.% 0.9. Seventy four mothers &!OPy did not influence the cord serum IgE and
(92%) were healthy with no history of prenatal IFN-y levels or total leukocytic, eosinophil or
illness, while six (8%) had a positive history of Platelet counts. However, the mean cord blood
prenatal maternal disease. Of these, two hadP@sophil count (CBBC) was higher in infants with a
gestational diabetes mellitus (DM), two had positive family history of allergy (mean 548
hypertension and two mothers gave a history of70.4/mni) as compared to infants with no such
threatened abortion in the first trimester. history (mean 20.3 45.1/mm).

Family history of allergy (FHA) was evident in Infants who did show frank allergic
36 infants (45%) while 44 infants (55%) did not manifestations had significantly lower IFRN-
have any history suggestive of atopy. Fifty threeconcentrations in their cord serum at birth as
mothers were considered smokers by self-report, oEompared to infants who did not develop allergies
whom two were active smokers and 51 wereby their first birthday (Fig. 1). Babies with
passive smokers. On the other hand, 27 mothermeasurable levels of IFN-in cord serum were
(34%) were not exposed to tobacco smoke bycomparable to the rest of the series in terms af co
history. Follow up revealed that 36 infants (45%) blood basophil and eosinophil counts. Although, the
were breast fed (BF), 33 (41%) were formula fedmean value of serum IgE seemed higher in infants
(AF) and 11 infants (14%) were both breast andwith absent IFNy¢ in cord blood samples, the
formula fed in a mixed way (MF). The infants’ difference did not reach statistical significance
weaning age ranged from 2 to 6 months with a(Table 1). The cord serum IFfN-concentrations
mean age of 3.4 0.8 months. correlated negatively with the total leucocytic,

Cord serum immunoglobulin E (IgE) was basophil and eosinophil (Fig. 2) counts. Moreover,
below the detection limit in 69 neonates (86%) anda positive correlation could be elicited betweea th
was detectable in 11 (14%). In the latter group, th cord basophil and eosinophil counts of infants
IgE levels ranged from 0.5 up to 15 IU/ml with a enrolled in the study (Fig. 3).
mean value of 7.6t 4 IU/ml. Cord serum Seven out of 11 infants (64%) with measurable
interferon-gamma (IFN) was undetectable in 64 IgE in their cord blood developed allergy
neonates (80%) while its level was measurable insubsequently. The IgE mean concentrations did not
16 neonates (20%). Their IFN-concentrations Vvary significantly between infants who developed
ranged from 1 up to 18 pg/ml with a mean value ofallergies and those who did not but the number of
9.27+ 6.34 pg/ml and a median value of 10 pg/ml. neonates with measurable IgE in their cord sera was
The immunoglobulin D (IgD) in cord blood of the significantly higher among the allergic group. Also
enrolled neonates was below the detection limit ofboth groups were comparable as far as their
the method employed. eosinophil and basophil counts were concerned

Follow up of the studied sample for one year (Table 2).
revealed that 28 infants (35%) developed allergic ~ Other parameters such as the gestational age,
disorders of whom 16 (57%) showed manifestationsbody ~ weight, crown heel length, skull
of atopic dermatitis, 8 developed recurrent Circumference at birth, Apgar score at 5 minutes
wheezing attacks (28.6%), 3 had other forms ofand weaning age in months could not be
skin allergy including papular urticaria and/ordsv ~ significantly related to the subsequent development
and a single infant developed manifestations ofof allergy (Table 3). Also, the occurrence of aler
allergic rhino-conjunctivitis. disorders during the first year was not influenbgd

Of infants who developed allergic disorders, 19the mode of delivery, prenatal maternal illness,
had a positive family history of atopy (68%). On congenital anomalies of babies, or history of
the other hand, only 9 out of 28 infants (32%) with maternal and/or paternal smoking in our series.
a negative family history of allergy developed a Breast fed infants were comparable to those who
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were formula fed or on mixed feeding as far as theor hives in terms of basophil and eosinophil counts

subsequent development of allergy is concernedand cord serum IgE and IFpNexpression.

However, the number of allergic infants on mixed Gender did not influence any of the laboratory

feeding were significantly less than those onparameters of the enrolled neonates. Male and

formula (Table 4). female babies were quite comparable in terms of
Infants who developed respiratory allergies hemoglobin concentration, TLC, CBBC, CBEC,

such as allergic rhinitis and bronchial asthma didp|ate|et count, and cord serum IgE and WMt

not differ from those who had various dermal pirth.

allergies such as atopic dermatitis, papular uitica
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Figure 1. Variation of cord serum IFN-concentrations with the subsequent developmeall@gic disorders.
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Figure 2. Negative correlation between the Figure 3. Positive correlation between the basophil
eosinophil count and serum IFNA cord blood. and eosinophil counts in cord blood.

13



Table 1. Relation of serum IFN- detectability to basophil and
eosinophil counts and serum IgE levels in cord tloo

Variable in IFN-y absent IFNy detected Statistical
cord blood n Mean* SD n Mean+ SD| analysis
CBEC 64 | 165.5+114.5| 16 186.1+122.1 Zz =0.62
(/mnt) p = 0.54
CBBC 64 36+52.9 16 35.4+85 z=1.0
(/mnt) p=0.32
Serum IgE 8 7.94£3.5 2 3.844.6 z=12
(1U/ml) p=0.24

CBBC: cord blood basophil count; CBEC: cord blood eosiii@glunt; IgE: immuno-
globulin E; SD: standard deviation.

Table 2. Variation of cord blood basophil and eosinophil mtsuand cord
serum IgE with the subsequent development of allerg

Variable in | Non-allergic infants| Infants with allergy Statistical
cord blood n Meanz* SD n Meanz* SD analysis
CBEC 52 | 160.1+101.2| 28 187.3+138.2 z=0.56
(/mnt) p =0.57
CBBC 52 27.3147.1 28 51.9+77.1 z=1.27
(/mnt) p=0.21
Serum IgE 4 7.3£2.1 6 7.0£4.9 z=0.32
(1U/ml) p=0.75

CBBC: cord blood basophil count; CBEC: cord blood eosiii@glunt; IgE: immuno-
globulin E; SD: standard deviation.

Table 3. Variation of some quantitative clinical variables
with the subsequent development of allergy.

Non-allergic infants

Infants with allergy

Data (n = 52) (n = 28) S;ﬁgf;'sclg'
Mean+ SD Meanz SD

Gestational age 38.9+0.8 38.7£1.1 t=0.3
(weeks) p = 0.58
Body weight 50+26.5 54.1+£23.7 z=0.7
(percentile) p=0.48
Crown-heel length 58.4+22.6 53.84+22.3 z=0.89
(percentile) p =0.37
Skull circumference 74.7+19.7 78.9+17.2 z=0.79
(percentile) p=0.43
Apgar score 8.5+0.9 8.6+0.8 z=0.76
at 5 minutes p=0.45
Weaning age 3.51+0.8 3.410.7 t=0.6
(months) p =0.59

SD: standard deviation.

Cord serum IFN- .
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Table 4. Variation of some qualitative variables with thdsequent development of allergy.

Non-allergic | Infants with Statistical
Variable infants allergy analysis
(n =52) (n =28)
MOD CS 6 2 ¥*=0.39
NVD 46 26 p =0.53
Perinatal maternal disease Negative 49 25 ¥*=0.64
Positive 3 3 p=0.42
Congenital anomalies Negative 50 28 Y¥=1.1
Positive 2 0 p=0.29
FF 17 16 ¥'=2.3
BF 25 11 p=0.13
. . FF 17 16 Y’ =5.4
Type of milk feeding ME 10 1 b = 0.02*
BF 25 11 ¥'=2.0
MF 10 1 p=0.15
Maternal or paternal smoking  Negative 16 11 ¥’ =0.6
Positive 36 17 p=0.44

* Significant
BF: breast fed; CS: Cesarean section; FF: formulaMéd;mixed feeding; MOD: mode of delivery; NVD: moal vaginal delivery.

DISCUSSION years of age was associated with significantly
Twenty eight out of 80 neonates (35%) enrolled inhigher maternal responses to fetal alloantigens
this study developed allergic manifestations duringwhich suggests that events at the materno-fetal
the first year of life and this may reflect theerim interface have an important influence on early
the prevalence of allergic symptoms in Egyptianimmune development. The cytokine profiles of
infants. Of those who developed various allergies,deciduas from allergic women were found different
19 (68%) had a positive family history of allergy from those of deciduas from non-allergic women
(FHA). In other words, 19 (53%) out of 36 infants and this appeared to be related to cytokine
with a positive FHA showed symptoms and signs ofproduction by cord blood mononuclear cells
allergy during the first year of life in comparistm  (CBMC) further enforcing the influence of maternal
9 (20%) out of 44 infants with a negative history. allergy on the fetal immune profife
These findings, reinforce the concept that a pesiti Among our series, infants who did show frank
FHA remains the dominant predictive factor for allergic manifestations during their first yearliéé
subsequent development of allergy sensitization andiad significantly lower IFN¢ concentrations in
diseas&' In a population based prospective studytheir cord serum at birth as compared to infants wh
conducted on 1111 newborns who were followedgrew up without developing allergies (Fig. 1). This
up for 1 year, the family history of atopy was lay f observation suggests a relation between cord serum
the most sensitive factor in detecting infantsisk r IFN-y expression and the subsequent development
of atopy and little was added by knowledge of cordof allergic disorders.
blood IgE®. Liao and associat€scompared the difference
The most common allergic manifestation in cytokine production by CBMC between
observed in our series was atopic dermatitis (57%newborns with high-risk for allergy [family allergy
and this conforms with previous reports which alsoscore (FAS) 3] and those with low risk [FAS = 0].
linked the development of atopic eczema to theThey found that increased production of IL-6 and
positive parental or family history of atofy decreased production of IFNappeared to be the
Maternal allergy conferred a higher allergy risk fo hallimark of newborns with high risk. Several
infants in our series suggesting that maternabfact investigators made the same conclusion from
can directly influence the immune development ofstudies on cord or peripheral blood mononuclear
the offspring. It is established that the inductadn  cells$*6%22* The reduced cord blood secretion of
allergen specific T-cell memory is initiated inxde |EN-y and IL-10 were associated with subsequent
and it was previously reported that maternal histor sensitization to egg at 12 months in a follow up
of allergy is inversely related to the perinantNt  stydy’. The combination of food allergy and atopic

y production capacity. Prescott and associates dermatitis at 12 months in a high risk cohort was
recently demonstrated that allergic disease at 6
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the strongest risk factor for the development ofagreement that a high neonatal IgE concentration is

asthma at 24 months of dge connected with later allergic disease but stillhwat
An obstacle to the routine use of serum orlow positive predictive valud
plasma level of IFN¢in research is the very low The cord blood eosinophil count correlated

level of IFNy produced spontaneously by cord negatively with the cord serum IFjNin our series
blood cells. Several investigators proved thatmeaning that the lower the IF\was the higher got
CBMC, T cells and NK cells produce much lower the eosinophil count in cord blood (Fig. 2). This
levels of IFNy compared with adult mononuclear may be due to lack of the inhibitory effects of HyN
cell>?" The low profile of IFNy in neonates was on IL-5, the major cytokine in eosinophil
assumed to reflect the dominance of type 2differentiation, proliferation, and survival. IFN-
immunity during the entire neonatal period whereasproducing CD4+ T cells were reported to be
type 1 immunity dominates during childhood inversely correlated with peripheral blood
leading to a lower plasma IF€oncentration in  eosinophils and had a significant correlation with
neonates from non-atopic parents than in healthyairway hyperresponsivieness in atopic and non
childrerf®, atopic asthmatic childrénAgain, the cord blood
The predictive value of neonatal IFNfor basophils were inversely related to the cord serum
allergy was gquestioned in some studies. AlthoughlFN-yin our series probably reflecting the influence
infants at genetic risk (family history) of allergy of IFN-y on T,;2 cytokines which may enhance
definitely had weaker IFN-responses in one study, basophil differentiation and release. A positive
those who developed allergic disease at 6 years daforrelation was found to link the eosinophil and
age had almost comparable neonatal responses (pkasophil counts in the cord blood samples (Fig. 3)
0.05) compared to those with no symptanEhe  reflecting the common developmental lineage of
same conclusion was made by Rowe andboth cells and the hemopoietic influence of IL-5 on
coworkeré who identified, by logistic regression their proliferatior®
analysis, that although high genetic risk is The total serum IgD was reported to be elevated
associated with attenuated neonatal FN- in atopic than non-atopic subjett¥. We therefore
responses, its production by CD8+ T cells maysought to investigate its expression in cord sesam
synergize with T2 cytokines in driving atopy Well as any possible predictive value. IgD levels i
development in children with high risk. This may our series were below the detection limit of the
explain the reported elevation in IL-4, IL-5 and method employed (5mg/L). Haraldsson and
IFN-y production by sputum CD4+ and CD8+ cells colleague¥ noted that there was no IgD in cord
in adult asthmatic& serum. They detected very low levels of IgD in
The cord serum IFN-predictivity in our series ©lder infants and young children that gradually
seemed higher than that of IgE and no significantncreased until the age of 10 then decreased with
correlation could link both of them. Cord serum IgE @€ It was stated that few nanograms of IgD are
was detectable in 7 (25%) out of the 28 neonate@ctually present in cord serum and are thus not
who developed subsequent allergies while it waseasily detectabfé and that serum IgD is positively
detectable in 4 neonates (8%) out of 52 who did noforrelated to age throughout childhood.
show allergic manifestations. IgE does not cross th ~ The mode of delivery in our series did not
placenta, but fetuses are capable of synthesizing iinfluence the cord serum IF{l-results or the
The human fetus has B cells that are primed tosubsequent development of allergy. Brown and
undergo IgE class switching from the earliest stage coworkeré® demonstrated a higher level of IFN-
of ontogeny and can produce endogenous IgE by 2@nd IL-12 production from stimulated CBMC of
weeks’ gestation. However, IgE producing cells vaginally delivered infants as compared to infants
were found rare until 9 months after birth. Thisyma born by unlabored cesarean section. The fact that
explain the low detectability of IgE in cord bloati we measured spontaneously produced free serum
birth®. IFN-y rather than its production from CBMC may
Cord blood IgE was claimed to be a significant count for the difference. In the current study,
predictor for urticaria due to food allergy at 12 measuring IFN¢ in the cord serum was more
months but not for other allergic disordérsand  simple and less tedious than tracing its releasma fr
that the positive correlation between cord blodd |Ig CBMC but it was obviously less expressed.
expression and serum total IgE levels in the first When we compared the allergic to non-allergic
years of lifé" is of lower significance during infants in terms of all variables studied (Tables 1
childhood®. However, there seems to be a generald), the only significant difference observed was th
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higher frequency of first year allergy among
formula fed infants in comparison to those on

mixed feeding (Table 4). This might imply some 7.

protective effect for breast feeding although itgan

on pure breast feeding did not show lower affection

rates in our series. The findings are indeed lighite

by the sample size and the short duration of foIIow8

up.
In conclusion, cord serum IFN-at birth was
found significantly low in infants who subsequently

developed skin and/or respiratory allergies during

the first year of life. Cord serum IFiNeetectability

at birth seemed higher than that of total IgE. Fami 9.

history of atopy is still the most important predic

of allergy and can determine neonates at high risk.

Indeed, combining more than one factor would

improve the predictability such as the presenca of 10.

positive family history with the reduced IFN-

and/or elevated IgE in cord serum. Wider scale
studies are needed to be able to accurately define
the predictive value of each marker in terms of

sensitivity, specificity and overall performance.
Experimental trials on the effect of recombinant
IFN-y or IFN+y inducing cytokines (IL-12, IL-15
and IL-18) on the expression of allergic
manifestations could be worthwhile.

REFERENCES

1. PREscOTT 5L, KING B, STRONG TL, HOLT PG. The

value of perinatal immune responses in predicting
allergic diseases at 6 years of age. Allergy 2003;

58(11):1187-94.

2. KM JH, KIM BS, LEE SY, SEO JH, SHIM JY, HONG
Td, et aL. Different IL-5 and IFN-gamma
production from peripheral blood T-cell subsets in

atopic and non atopic asthmatic children. J Asthma

2004; 41(8):869-76.
3. CONTRERAS JP, LY NP, GoLD DR, HE H, WAND M,
weiss ST, et AL Allergen-induced cytokine

production, atopic disease, IgE, and wheeze in

children. J
112(6):1072-7.
4. Nooc LP, GoLb DR, TzlIaANABOS AO, WEISS ST,
ceLeboN JB. Cytokines, allergy and asthma. Curr
Opin Allergy Clin Immunol 2005; 5(2):161-6.
5. VARGA EM, WACHHOLZ P, NOURI-ARIA KT, VERHOEF
A, CORRIGAN CdJ, TiLL SdJ, ET AL. T cells from

Allergy Clin  Immunol 2003;

human allergen-induced late asthmatic responseds8.

express IL-12 receptor beta 2 subunit m-RNA and
respond to IL-12 in vitro. J Immunol 2000;
165(5):2877-85.

6. NEAVILLE WA, TISLER G, BHATTACHARYA A,
ANKLAM K, GILBERTSON-WHITE S, HAMILTON R, ET
aL. Developmental cytokine response profiles and
the clinical and immunologic expression of atopy

17

. NEEDLMAN

during the first year of life. J Allergy Clin Immoh
2003; 112(4): 740-6.

ROWE J, HEATON T, KUSEL M, SURIYAARACHCHI D,
SERRALHA M, HoLT BdJ, ET AL. High IFN-gamma
production by CD8+ T cells and early sensitization
among infants at high risk of atopy. J Allergy Clin
Immunol 2004; 113(4):710-6.

TEN HACKEN NH, OOSTERHOFF Y, KAUFFMAN HF,
GUEVARRA L, SATOH T, TOLLERUD DJ, ET AL.
Elevated serum interferon-gamma in atopic asthma
correlates with increased airways responsiveneds an
circadian peak expiratory flow variation. Eur Rekp
1998; 11(2): 312-6.

LozAa MJ, PETERS SP, PENN RB. Atopy, asthma
and experimental approaches based on the linear
model of T cell maturation. Clin Exp Allergy 2005;
35(1):8-7.

RINAS U, HORNEFF G, WaHN V. Interferon-gamma
production by cord blood mononuclear cells is
reduced in newborns with a family history of atopic
disease and is independent from cord blood IgE
levels. Pediatr Allergy Immunol 1993; 4(2):60-4.

. TARIQ SM, ARSHAD SH, MATTHEwsS SM, HAKIM

EA. Elevated cord serum IgE increases the risk of
aeroallergen  sensitization  without increasing
respiratory allergic symptoms in early childhood.
Clin Exp Allergy 1999; 29(8):1042-8

. JOHNSON CC, OWNBY DR, PETERSON EL. Parental

history of atopic disease and concentration of cord
blood IgE. Clin Exp Allergy 1996; 26(6):624-9.

. GOLDEN SM, PeTers DY. Delivery room care-

Apgar score. In: Menenstein GB, Gardner SL,
editors. Handbook of neonatal intensive care. St.
Louis: Mosby Co; 1993. p. 59-64.

DR. Growth and development. In:
Behrman RE, Kliegman RM, Jenson HB, editors.
Nelson textbook of pediatrics #7d. Philadelphia:
WB Saunders; 2004. p. 23-66.

. JACOBSEN HP, HERSKIND AM, NIELSEN BW,

Husey S. IgE in unselected like-sexed monozygotic
and dizygotic twins at birth and at 6 to 9 years of
age: high but dissimilar genetic influence on IgE
levels. J Allergy Clin Immunol 2001; 107(4):659-63.

. HIDE DW, ARSHAD SH, TWISELTON R, STEVENS M.

Cord serum IgE: an insensitive method for
prediction of atopy. Clin Exp Allergy 1991;
21(6):739-43.

. BEYER K, WAHN U. |s atopic dermatitis predictable?

Pediatr Allergy Immunol 1999; 10(12 Suppl):7-10.

PREsScCOTT SL, HOLT PG, JENMALM M, BJORKSTEN

B. Effects of maternal allergen-specific IgG in cord
blood on early postnatal development of allergen-
specific T-cell immunity. Allergy 2000; 55(5):470-
5.

. PRESCOTT SL, TAYLOR A, ROPER J, WAHDAN A,

NDAKES P, THORNTON B, ET AL. Maternal reactivity
to fetal alloantigens is related to newborn immune



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

responses and subsequent allergic disease. Clin Exp0.

Allergy 2005; 35(4):417-25.

BROWN M, GUSTAFSON M, SALDANA S,
BARADARAN A, MILLER H, HALONEN M. Correlation

of human decidual and cord blood mononuclear cell
cytokine  production. Hum  Immunol
65(11):1336-43.

LIAO SY, Liao TN, CHIANG BL, HUANG MS, CHEN
Cc, CHou GG, eT aL. Decreased production of IFN-
gamma and increased production of IL-6 by cord

blood mononuclear cells of newborns with a high 32.

risk of allergy. Clin Exp Allergy 1996; 26(4):397-
405.

KoNbpo N, KOBAYASHI Y, SHINODA S, TAKENAKA R,

TErRaMOTO T, KANEKO H, EeT AL. Reduced
interferon-gamma production by antigen-stimulated

cord blood mononuclear cells is a risk factor of 33.

allergic disorders: 6 year-follow-up study. Clingex
Allergy 1998; 28(11):1340-4.

TERAaMOTO T, FUKAD T, TASHITA H, INOUE R,
KANEKO H, TAKEMURA M, ET AL. Serum IgE level is
negatively correlated with the ability of periphlera
mononuclear cells to produce interferon-gamma
(IFN-gamma): evidence of reduced expression of
IFN-gamma mRNA in atopic patients. Clin Exp
Allergy 1998; 28(1):74-82.

HAGENDORENS MM, VAN BEVER HP, SCHUERWEGH

AdJd, DECLEROK LS, BRIDTS CT, STEVENS WJ.
Determination of T-cell subpopulations and
intracellular cytokine production (interleukin-2,
interleukin-4, and interferon-gamma) by cord blood
T-lymphocytes of neonates from atopic and non-
atopic parents. Pediatr Allergy Immunol 2000;
11(1):12-9.

LAAN MP, BAERT MR, BiJL AM, VREDENDAAL AE,

DE WAARD-VAN DER SPEK FB, ORANJE AP, ET AL.
Markers for early sensitization and inflammation in
relation to clinical manifestations of atopic disea
up to 2 years of age in 133 high-risk children.nCli
Exp Allergy 2000; 30(7):944-53.

ScoTT ME, KuBiN M, KoHt S. High level IL-12
production, but diminished interferon-gamma
production, by cord blood mononuclear cells.
Pediatr Res 1997; 41(4 Pt 1):547-53.

HobGeE S, HobGeE G, FLower R, Han P. Cord
blood leucocyte expression of functionally
significant molecules involved in the regulation of
cellular immunity. Scand J Immunol 2001; 53(1):72-
8.

KANAKOUDI-TSAKALIDOU F, DROSSOU-AGAKIDOU V,
NouTsiA C, TzimouLl V, TAPARKOU A, MAVRIDIS P,

et aL. Intracellular and plasma cytokine profile in
neonates born to non-atopic parents: the impact of
breast feeding. Eur J Pediatr 2004; 163(7):395-401.

CHO SH, STANCIU LA, HOLGATE ST, JOHNSTON
sL. Increased interleukin-4, interleukin-5, and
interferon-gamma in airway CD4+ and CD8+ T
cells in atopic asthma. Am J Respir Crit Care Med
2005; 171(3):224-30.

2004; 31.

34.

35.

37.

38.

39.

40.

Cord serum IFN- .

LIMA J0O, ZHANG L, ATKINSON TP, PHILIPS J,
DASANAYAKE AP, SCHROEDER HW JR. EarIy
expression of iepsilon, CD23 (Fcepsilon RII), IL-
4Ralpha, and IgE in the human fetus. J Allergy Clin
Immunol 2000; 106(5):911-7.

KAAN A, DIMICH-WARD H, MANFREDA J, BECKER A,
WATSON W, FERGUSON A, ET AL. Cord blood IgE:
its determinants and prediction of development of
asthma and other allergic disorders at 12 months.
Ann Allergy Asthma Immunol 2000; 84(1):37-42.

WETzIG H, ScHuLz R, DIEz U, HERBARTH 0O,
VIEHWEG B, BORTE M. Associations between
duration of breast-feeding, sensitization to hens’
eggs and eczema infantum in one and two year old
children at high risk of atopy. Int J Hyg Environ
Health 2000; 203(1):17-21.

EDENHARTER G, BERGMANN RL, BERGMANN KE,
WAHN V, FORSTER J, ZEPP F, ET AL. Cord blood
IgE as risk factor and predictor for atopic dissase
Clin Exp Allergy 1998; 28(6):671-8.

OcHI H, DE JeEsus NH, HsIEH F, AusTEN KF,
Bovce JA. |l-4 and -5 prime human mast cells for
different profiles of IgE-dependent cytokine
production. Proc Natl Acad Sci USA 2000;
97(19):10509-13.

PENG Z, FISHER R, ADKINSON NF JRr. Total serum
IgD is increased in atopic subjects. Allergy 1991,
46(6):436-44.

36. EL-GAMAL Y, AWAD Z, ZAGHLOUL M, FoOUAD A.

Total serum IgD in atopic infants and children.
Egypt J Pediatr 1995; 12(1-2):65-7.

HARALDSSON A, WEEMAES CM, JONASDOTTIR S,
OLAFSSON O, VAN DE WIEL G, GOERTZ J, ET AL.
Serum immunoglobulin D in infants and children.
Scand J Immunol 2000; 51(4):415-8.

BuckLey RH. The T-, B-, and NK- cell systems-B-
cell development and differentiation. In: Behrman
RE, Kliegman RM, Jenson HB, editors. Nelson
textbook of pediatrics, 17 ed. Philadelphia: WB
Saunders; 2004. p. 686-7.

LITZMAN J, WARD AM, WILD G, ZNOJIL V, MORGAN

G. Serum IgD levels in children under investigation
for and with defined immunodeficiency. Int Arch
Allergy Immunol 1997; 114(1):54-8.

BROWN MA, RAD PY, HaLoNeN MdJ. Method of
birth alters interferon-gamma and interleukin-12
production by cord blood mononuclear cells. Pediatr
Allergy Immunol 2003; 14(2):106-11.

18



