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factors, or in both kinds of factors.

The fetus is considered capable of IgE production
from week 11 of gestation (26), and IgE is believed
not to pass the placental barrier (3. 4). The presence
of IgE in cord blood (CB) is therefore thought to be
a sign of fetal IgE synthesis. IgE is a marker of
atopy. and an increased CB-IgE level has been re-
ported to predict atopic disease during childhood (7.
9. 19. 24, 25). However, in recent years. several
studies have shown conflicting results concerning
the usefulness of CB IgE for predicting atopic allergy
(16, 21, 22, 28). One cause of the divergent results
may be that the risk of maternal contamination of
CB has not been given enough consideration (15,
20-23, 28). However, even after the exclusion of CB
samples with maternal contamination, a positive
correlation between maternal IgE levels and CB-IgE
levels has been observed (21, 23). Recently, we have
also shown increasing IgE levels from birth to 4-53
days of age in blood samples of infants with a family
history of atopic disease (23). Taken together, these
observations indicate that, besides the possibility of
maternal contamination of CB, other factors, genetic
or congenital, may influence fetal IgE synthesis.
The present study investigated the changes in IgA
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Serum IgA and IgE levels were studied in the postnatal period in 21
infants having a paternal heredity of atopic disease. Three different sampling
techniques were used, aspirated cord blood (CB). gravity-collected cord
blood. and capillary collected blood at 4--5 days of age. Significant differences
among the three sampling techniques were recorded for IgA (P<0.01).

but not for IgE. The IgA levels decreased from birth to 4-5 days of age in
90, (19:21) of the infants (P <0.01). The corresponding decrease in IgE
This postnatal difference in the frequency of decreasing
increasing IgA and IgE levels was significant (< 0.05). An analysis of

CB IgA 1o detect maternal contamination of CB was found to be of
questionable value, since only 50°, (2/4) of the cases with an clevated CB-IgA
level could be considered contaminated. The results of this study further
emphasize that aspiration of CB and capillary collection of blood at 4-35 dayvs
of age are the best sampling techniques to avoid contamination. The
genceral finding that paternal heredity had no significant influence on infant
- contrasts with the strong influence of maternal heredity. Further
studies will show whether the explanation lies in genetic or transplacental | Sweden
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and IgE levels at birth and in the postnatal period
in selected infants at risk of atopic disease because
of paternal heredity. In this way. we hoped to reduce
the previously observed strong influence of maternal
atopy on these parameters (3. 5. 6, 23-25). The effect
on the neonatal IgA and IgE levels of three blood-
sampling techniques — i.e.. aspiration of CB with a
needle in the cord vein, letting the CB flow freely
from the cord into a tube (gravity collection), and
capillary blood sampling at 4-5 days of age ~ was
assessed.

Material and methods

The participating families (7 = 20) were selected con-
secutively while they were in the maternity ward at
Nacka Hospital, Stockholm, Sweden. Only families
where the father had clinical symptoms of respira-
tory allergies (rhinoconjunctivitis and/or bronchial
asthma caused by pollens and/or animal danders)
were enrolled in the study. Paternity was verified
only from the case history, and not by any genetic
markers - e.g., human leukocyte antigen (HLA).
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Parents

The fathers had a mean age of 33 (range 23-47)
years. Sixteen had a history of respiratory allergy to
pollens (tree and or grass polien) and 14 to animal
danders (cat and or dog). Eighty-five percent (17
20) of the fathers suffered from allergic rhinocon-
junctivitis and 407, (820) from bronchial asthma.
The mothers had a mean age of 31 (range 21-40)
vears, and none of them reported clinical symptoms
of atopic discases.

Infants

Twenty-one infants, 15 boys and six girls. including
one pair of twins, were born at full term. The pair of
twins was heterozygous and therefore considered as
two subjects in all data evaluations. All the infants
were healthy during the postnatal period.

Serum samples

CB was collected first by aspirating blood from the
umbilical vein with a needle. The blood from a seg-
ment of the umbilical cord was thereafter allowed to
flow freely into a tube (gravity collection). At 4-3
days of age, a capillary blood sample was taken from
cach infant by heel puncture. Blood samples were
coliceted from the mothers at delivery and from the
fathers during the follow-up. The serum samples
from the mothers and fathers and three from cach
infant were stored at =20 C. pending analyses. All
three serum samples from cach infant were analyzed
simultancously with regard to IgA and IgE concen-
trations 0 MiniNize assay variatons.

led

The 1gA levels were analyzed in duplicate with a
sundwich ELISA (20). The upper normal level for
cord TgA was set at 14 mg L caleulated as the geo-
metric mean (GM) plus three standard deviations
(SD) in 20 newborn infants with maternal atopic
heredity who had CB Igk <0125 kU 1(20. 23). An
IgA level above this imit was taken to indicate ma-
ternal contamination (20, 23).

Igk

The parental IgE levels were analyzed in duplicate
by PRIST (Pharmacita Diagnostics. Uppsala. Swe-
den). A modified PRIST method. with an increased
sensitivity (Le.. 0.125 kU 1. was used for the CB and
4-35-day samples (20). The intra- and interassay
variations of the sensitive PRIST assay were 39
and 13°,. respectively (21). A neonatal IgE level
= 0.9 kU I 'was considered elevated (19). In the sta-
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tistical analyses, all values below the threshold of
sensitivity were given the value of 0.125 kU /. The
presence of IgE antibodies against pollens and or
animal danders in the maternal and paternal serum
samples was determined by Phadiatop (Pharmacia
Diagnostics, Uppsala, Sweden (11)). The result of
the test was either positive or negative.

Ethical aspects

The study was approved by the ethics committee at
Soder Hospital, Stockholm, Sweden. Informed con-
sent was given by all families before entering the
study.

Statistical analyses

Wilcoxon’s paired signed rank sum test (WILC). the
Mann-Whitney U-test (MW), the Kruskal-Wallis
one-way analysis by ranks (KW). Fisher's exact test
(FISHER), and the Spearman rank correlation test
(r,) were used to analyze the results. A P value (two-
tailed) <0.05 was considered significant.

Results
Parental 1g4

The individual values of paternal IgA (n=19: two
cases not available for analysis) and of maternal IgA
(n=21) are presented in Table I. The geometric
means (GM) were 3.4 ¢ [ (range 2.0-6.2) and 2.6 g |
(range 1.4=5.9) respectively. The paternal IgA levels
were significantly (P <0.01: MW) higher than the
maternal IgA levels.

Infant ¢4

The IgA levels in gravity-collected CB (CB-IgA,,,)
varied between 3.1 and 25.7mg 1 (n=21: GM =
7.2mg It Table I). The GMs in aspirated CB (CB-
¢A ) and in capillary blood samples collected at
4-5 days of age (IgA,_5) were 5.6 mg I and 4.1 mg 1.
respectively. There were significant (P <0.01: KW)
differences in IgA levels among the three blood-
sampling techniques.

IeA, < levels and CB-IgA , levels were highly
correlated (n=21: r,=0.81. P<0.001). but differed
significantly (n=21; P<0.01. WILC), since the
former levels were lower (GM =4.1 mg'1) than the
latter (GM = 5.6 mg/l). In fact. IgA levels decreased
in 90°, (19:21) of the cases after birth, the mean
decrease being 27°, of GM.

An increased IgA level. defined as = 14 mg/l, was
found in four (19°,) CB,,,. samples (nos. 11,17, 18,
and 21). In two of these cases (nos. 11 and 17), the
corresponding CB-IgA,  levels, as well as the IgA,_5
levels, were below 14 mg 1. indicating a possible ma-




Table 1. IgA and IgE levels in maternal (M} and paternal (P| serum samples and corresponding infant immunoglobulin (IgA/igE} levels in aspirated cord blood (CB

Paternal atopy. neonatal IgA and IgE

o). gravity-collected

cord blood (CBW), and capillary-collected blood on days 4-5
M igh Pigh  CBIgA,,  CBIgA,.  lgA,, M IgE PlgE [o:2 VgEM c8- lng IgE,

Fam. no. gll afl mg/l mg/l mg/! kU KU/ kUt kUl
1 25 38 4.1 36 28 52 265 0.16 0.16 0.20
2 2.6 29 46 4.4 30 28 75 <0125 <0.125 <0.125
3 43 33 48 55 34 " 24 <0.125 <0.125 <0.125
4 25 2.0 55 6.5 4.9 7.8 60 <0.125 <0.125 <0.125
5 14 34 54 7.7 4.8 5.1 63 <0.125 <0.125 <0125
[ 46 37 89 82 6.2 38 2000 <0.125 <0.126 <0.125
7 1.7 38 24 8.6 21 17 285 <0125 <0.125 <0.125
8 25 37 32 26 22 14 419 <0.125 <0.125 <0.125
9 1.4 34 3.1 4.4 18 49 128 <0.125 <0.125 <0.125
i0° 1.4 34 27 2 23 4.9 128 <0.125 <0.125 <0.125
il 5.9 na 79 15 28 62 na 0.14 0.14 0.15
12 2.6 27 5.1 76 78 9.8 6.6 <0.125 <0.125 <0.125
13 37 27 15 9.2 6.2 2 212 <0.125 0.18 0.13
14 16 53 5.5 5.3 32 883 75 2.4 23 30
15 30 3.0 8.1 86 5.0 08 51 0.40 0.33 0.39
16 21 37 85 n 6.1 17 195 <0.125 <0.125 <0.125
7 2.1 4.7 37 19 2.7 83 15 0.23 0.22 0.31
18 30 35 28 26 18 43 263 0.35 0.35 0.39
19 23 6.2 4.4 44 32 1" 502 029 0.31 0.35
20 21 na 37 2.2 2.1 i na <0.125 <0.125 <0.125
21 37 31 18 16 24 " 134 1.9 11 11
Median 26 3.4 5.1 76 32 14 128 <0.125 <0.125 0.13
Geom. mean 26 34 5.6 72 4.1 16 103 0.20 019 0.21
+15D 1.7-3.8 26-45 3.1-10.1 39-132 2.1-8.1 12.0-216 28.5-375 <0.125-0.47 <0.125-0.43 <0.125-0.48

n.a.=not avallable; §=paw of twins.

ternal contamination of the gravity-collected CB.
However. in the other two infants (nos. 18 and 21).
the IgA level was increased on all three testing oc-
casions, suggesting that the IgA was mainly of fetal
origin. When the two CB samples (nos. 11 and 17)
with suspected maternal contamination were omit-
ted, the CB-IgA,,,, (GM = 5.6 mg/l) and CB-1gA
(GM = 5.0 mg/ 1) levels did not differ smmhmml\
(WILC), and they were highly correlated (n=
r.=0.73, P<0.01).

There were no significant correlations between pa-
ternal IgA levels and any of the levels of CB-IgA |
(n=19). CB-IgA,, ., (n=19). or IgA,_s (n=19).
However, there were significant correlations between
maternal IgA levels and CB-IgA ,&,,( 1r.=0.66,
P<0.01), CB-IgA (n=21; P<0. 05).
and IgA,_ (n=2 =0.55, P<0 0\) lespecuvel)

Parental 1gF

Paternal IgE levels showed a wide range, 6.6—
2000 kU/L, witha GM of 103 kU/I (Table 1). In 89°,,
(17/19). Phadiatop was positive, confirming the
atopic state in most of the fathers. The two fathers
(nos. 4 and 12) with a negative Phadiatop reported
bronchial asthma when exposed to animal danders.
There was no significant correlation between pater-
nal IgE and IgA levels.

Maternal IgE levels had a GM of 16 kU /I (range

0.8-883) which was significantly (P <0.001. MW)
lower than the paternal IgE levels (Table 1). Phad-
iatop was positive in two women (nos. 11 and 18).
in spite of a negative history of atopic disease and
IgE levels within the normal range (i.e.. <125kU/l
(31). On the other hand. one woman (no. 14) with
an increased IgE level (883 kU 1) had a necgative
Phadiatop. No significant correlation was found be-
tween maternal IgA and IgE levels.

Infant IgE

The individual IgE levels in gravity-coilected CB
(CB-Igk,, . ). aspirated CB (CB-Igk, ). and cap-
illary-collected blood at days 4-3 (K&EA,,) are pre-
sented in Table 1. The corresponding GMs were
0.19, 0.20, and 0.21 kU1, respectively, without any
significant difference between the three groups (KW).
Two CB samples (nos. 14 and 21) showed clevated
(z0.9kU 1) levels of both CB-Igk,,,, and CB-
IgE .. and neither of these seemed to be due to
maternal contamination, since the CB-IgA and
CB-IgA,,;, levels were similar. Moreover, in infant
no. 14, the IgA levels were below 14 mg/l and in
infant no. 21 above 14mg!l on all three testing
occasions.

Maternal contamination was suspected in two in-
fants (nos. 11 and 17) on the basis of an increased
CB-lgA,,,, level. However, this did not affect their
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Table 2. Spearman rank corelations (1! between maternal IgE (M-IgE). paternal IgE
(P-g€] anc nfant Ig levels in aspirated cord blood (CB-IgE ., } and in capillary-coflected
blood on days 4-5 {igE, 1

s

MIgE P-igE CBgE,., [
WH1gE in=211 - 056 0.20 0.25
PigE 002 - -0.13 -0.20
CB g, 0.37 056 - 0.93
<0.001 -

G, . (=211 027 040

n=number of serum samples available.
Lower left values refer to P values and upper nght values to rank correlations (1)

CB-lgk,,... levels, probably because of the low levels
of maternal IgE. Nevertheless, after omission of
these two infants, the CB-Igk,, . and CB-Igk,, lev-
elswere highly correlated (n = 19, = 0.95, P <0.001)
and not significantly different. There were also sig-
nificant correlations beiween CB-Igk,, . and Igk,_<
(n=19r =093, P<0.001) and between CB-Igk,,,
and Igk, ( (n=21; 0.93, P<0.001) (Table 2).
There were no significant correlations between the
levels of IgA and Igk on any sampling occasion.

Among 10 infants with detectable CB-IgE
(= 0.125 kU ), cight (80°,) had Igk,_; levels that
were the same or higher. The increase in IgE levels
after birth contrasted with the decrease observed in
IgA levels during this period. The difference in fre-
quency of decreasing concentrations between the
two isotypes was significant (P<0.05, FISHER).

There were no significant correlations between the
levels of parental Igk and infant IgE (Table 2).

The influence of parental heredity on all the results
presented above have been based on the question-
naire data. However. in order to make a more re-
stricted group of infants with @ well-defined unipa-
ternal heredity, we also caleulated all the statistics.
taking into account parental Phadiatop and total
serum Igk. In this way, siv infants were excluded
from the original 21. Phadiatop was positive in two
mothers (nos. 11 and 18), and Phadiatop was nega-
tive in two fathers (nos. 4 and 12). Serum IgE was
increased in one mother (no. 14). and two paternal
sera were not available (nos. 11 and 20). Despite
these considerations. there were no major changes in
the significance of the correlations or in the group
comparisons.

Discussion

The results of the present study on infants with a
paternal heredity of atopic disease confirm many of
our previous findings in infants with maternal he-
redity (23). Thus, irrespective of parental heredity.
postnatal IgA and IgE levels were influenced by the
blood-sampling technique. A few cases of maternally
contaminated CB samples were observed. as judged
by an increased CB-lgA,,... but not by the corre-
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sponding CB-IgA,, level. Hence, both our studies
indicate that aspiration of CB or capillary collection
at days 4-5 is the best blood-sampling technique to
avoid contamination (14, 21, 23, 28). Moreover, the
IgA levels decreased significantly from birth to days
4-5 of age, but the IgE levels did not. Indeed, more
than 90°, of the infants had lower IgA,_; than CB-
IgA ., levels in both studies. In contrast, IgE de-
creased in just 20%, of the infants in the present
study and in 60°, in the previous one (23). This
difference between the two isotypes is significant
whatever the heredity. We have previously specu-
lated that the capillary sampling technique might be
of partial importance, but also that there is an active
synthesis of IgE in early postnatal life (23). Further-
more, CB-IgE,, and IgE,_s, as well as CB-IgA,,,
and IgA,_s, were highly correlated, irrespective of
the parental history of allergy.

In our previous study on infants with a maternal
history of atopy. we observed that CB-IgE and ma-
ternal IgE levels correlated strongly (23), in contrast
to the present findings on infants of nonatopic
mothers (i.e.. atopic fathers). Moreover, there was
no influence of paternal atopy on the infant IgE level
on any sampling occasion. Although the number of
infants in our study was small, a compilation of our
data (Fig. 1) from the present and the previous study
(23). using infant groups with a strict uni- and bipa-
rental heredity for atopy, supports the view that CB-
Igk is higher among infants with maternal and bi-
parental heredity (3. 5, 6, 24, 25) but conwradicts
results where no difference in maternal and paternal
influence was found (9). No such effect was noticed
for CB IgA. Clinical observations also indicate that
infants with & maternal history of atopic disease run
a greater risk of developing atopic disease than in-
fants with a paternal history (1, 29). The cause of
this pronounced maternal influence on both CB-IgE
levels and the risk of developing atopy may lie in
genetic factors (1. 2. 6, 8. 32), but the cause may also
be the close contact between the mother and child
during pregnancy and lactation. An atopic mother
may. via her placenta and later via breast milk,
transfer factors affecting the immune system of the
infant in various ways (17, 27, 30). An influence of
maternal anti-idiotypic antibodies on fetal newborn
antibody production has recently been reported
(12, 13). In the case of CB IgE, we have previously
argued for a transplacental effect in addition to fetal
IgE synthesis, since the influence of maternal atopy
on the infant IgE level seemed to decline at 4-5 days
of age (23). Moreover, there was no difference in
IgE, s levels between infants of atopic mothers and
those of atopic fathers. More research on the puta-
tive mechanisms governed by maternal influence
seems warranted.

An elevated CB-IgE level has been reported to be
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Fig. 1. Comparison of IgA (mg1) and IgE (kU 1) levels in aspi-
rated cord blood (CB,, ) and in capillary-collected blood at 4-3
days of age among infants with unipaternal atopy (P-group:
n=15). unimaternal atopy (M-group: n=10), and biparenta/
atopic heredity (D-group: n = 8). M- and D-groups are taken from
previous study (23). Horizontal bars represent geometric means
Only statistically significant difference among groups was found
for CB-IgE,. i.e.. M-group vs P-group (P<0.01: MW)

a good predictor of the development of atopy dur-
ing infancy (7. 9. 19, 24. 25). However, several recent
studies fail to confirm such findings (16, 21. 22, 28).
One reason for discrepancies may be that contami-
nation of CB by maternal blood obscures the results
by causing too many falsely elevated CB-IgL levels
(15,20-23.28). To overcome this problem. a screen-
ing for elevated IgA in all CB with elevated IgE levels
has been proposed (15, 20-23. 28) since IgA. like
IgE. is believed not to pass the placental barrier
(3. 10). Thus, serum samples with CB-IgA levels ex-
ceeding a certain cutoff point, 14 mg/1 (15, 20) or
32 mg/1(5, 18), should be considered maternally con-
taminated and therefore be excluded. However, our
data reveal that only two (50°,) of four infants with
an elevated CB-IgA,,,, (i.e, >14mgl) could be
considered contaminated. This casts doubt on the
value of CB-IgA level as a marker of contamination
(14, 21). One infant (no. 21) of the two who had a
markedly elevated CB-IgE level, as judged by our
CB-IgE,,, and IgE, s data, would thus erroneously
have been excluded as contaminated. Moreover, a

Paternal atopy, neonatal IgA and IgE

CB-IgA level below 14 mg'1 does not exclude minor
contamination from mothers with high Igk levels.
Our few cases of increased CB-IgA levels persisting
at 4-5 days of age may well indicate a stressed im-
mune system in some newborn infants. a finding that
would be consistent with the fetai IgA synthesis ob-
served in some studies (12, 13).

In summary, we have confirmed. on the basis of
several blood-sampling techniques, that the mater-
nal influence on CB-IgE level is much stronger than
the paternal one. Besides genetic factors, transpla-
cental factors may be important. An elevated CB-
IgA level seems of limited value for detecting ma-
ternally contaminated CB. since a low CB-IgA level
does not exclude contamination and an increased
level may lead to the erroneous exclusion of immu-
nologically hyperreactive infants. Our results also
indicate that either aspiration of CB or capillary col-
lection on days 4-5 is the right sampling technique
to avoid contamination.
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