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A B S T R A C T Total and filaria-specific immunoglob-
ulin E (IgE) levels were studied in cord blood from
infants born in Madras, India, where filariasis and in-
testinal helminth infections are highly endemic. In-
creased total IgE levels were observed in 82% of 57
cord sera tested (geometric mean 12.6 ng/ml; range
1-1,900 ng/ml). 33 of these sera also contained IgE
antibodies specific for flarial antigens as determined
by solid-phase radioimmunoassay. Comparison of ra-
tios of filaria-specific IgE to total IgE in paired ma-
ternal and cord sera suggested that cord blood IgE was
derived from the fetus in most cases and not from
transplacental antibody transfer. Our results suggest
that prenatal allergic sensitization to helminth para-
sites occurs in the tropics. Such sensitization may con-
tribute to the heterogeneity in host immune response
and disease expression noted in filariasis and other
helminth infections.

INTRODUCTION

The human fetus develops immunoglobulin E (IgE)-
producing B cells early in gestation (1) and is presum-
ably capable of producing IgE antibodies in response
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to appropriate antigenic stimuli in a manner analogous
to the well-recognized IgM responses that are observed
in various prenatal infections (2). Although several
cases of allergic sensitization in the newborn have been
reported (3, 4), the extremely low values for cord blood
IgE reported in series from the United States and Eu-
rope suggest that prenatal IgE responses are quite un-
usual in the developed world (4-8). In this study, we
have attempted to demonstrate prenatal allergic sen-
sitization by measuring IgE in cord blood of babies
born to mothers with parasitic helminth infection.
Helminth infections are known to stimulate IgE pro-
duction (9) and we reasoned that the offspring of par-
asite-infected mothers might be exposed to parasite
antigens in utero; circulating parasite antigens are fre-
quently demonstrable in the blood of patients with
tissue helminth infections (10), and in the case of fil-
ariasis, actual parasitemia is common. Our results in-
dicate that increased levels of cord blood IgE are fre-
quently observed in the setting of maternal helminth
infection. They further suggest that in most cases, in-
creased cord blood IgE resulted from fetal immune
responses to parasite antigens and not transplacental
transfer of IgE from mother to fetus.

METHODS
Serum samples. Paired cord and maternal blood samples

were collected at Government Maternity Hospital in Madras,
India. Patients at that hospital have a high prevalence of
infection with the filarial parasite Wuchereria bancrofti and
a very high prevalence of mixed intestinal helminth infec-
tion. Normal term vaginal deliveries occurring while two or
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more of the investigators were present in the delivery suite
were accepted into the study without further selection except
that the first 41 blood pairs were collected from deliveries
occurring between 9 p.m. and 2 a.m. to increase the chance
of detecting the nocturnally periodic microfilariae in cord
blood. For the last 16 pairs collected, cord blood was ob-
tained from daytime deliveries and maternal blood was col-
lected later that same day at 11 p.m. The different patterns
of collecting blood specimens did not affect the results ob-
tained. Cord and maternal blood samples were collected by
the investigators in different sized tubes to minimize the
chance of mislabeling the specimens. Cord blood was col-
lected before delivery of the placenta. Sera were stored in
liquid nitrogen or at -70'C until the time of assay. Micro-
filaremia was assessed by membrane (Nucleopore Corp.,
Pleasanton, CA) filtration of 1 ml of heparinized cord and
maternal blood (11).

Serologic methods. Total IgM and IgA levels in cord sera
were measured by radial immunodiffusion with a lower limit
of sensitivity of 0.1 mg/ml (low level IgM and IgA kits, Miles
Laboratories, Inc., Research Products Div., Elkhart, IN).

Total serum IgE was measured with a direct solid-phase
radioimmunoassay (RIA) (paper radioimmunosorbent test
[PRIST],' Pharmacia Fine Chemicals, Piscataway, NJ). Cord
sera were tested undiluted and all values >20 ng/ml were
repeated.

Filaria-specific IgG and IgM were measured by enzyme-
linked immunosorbent assay. Since W. bancrofti cannot be
maintained in laboratory animals, the closely related human
filarial parasite Brugia malayi was used as the source of
filarial antigens (12).

Filaria-specific IgE was measured by direct solid-phase
RIA using adult B. malayi antigens as previously described
(13, 14). Briefly, sera were preabsorbed with 1% Sepharose
4B (Pharmacia Fine Chemicals) overnight, then incubated
in plastic tubes with B. malayi antigens covalently bound
to CNBr-activated Sepharose 4B in radioallergosorbent test
(RAST) buffer (phosphate-buffered saline, pH. 7.4, with
0.4% Tween 20, 0.2% bovine serum albumin, and 0.1% so-
dium azide) for 15 h at room temperature with rotation.
After three washes with RAST buffer, '"I-labeled, affinity-
purified goat anti-human IgE was added to the tubes and
incubated as above. The beads were washed four times with
RAST buffer and bound radioactivity was measured with a
gamma counter. The amount of filaria-specific IgE was de-
rived from a standard curve run with each assay using a
reference filariasis serum pool containing a known amount
of filaria-specific IgE, determined by depletion analysis as
previously described (13). We have previously found that
the B. malayi sorbent does not bind irrelevant IgE nonspe-
cifically (unpublished observations) and that parasite-spe-
cific IgG does not significantly interfere with the assay (14).
The sensitivity of the assay varied from 0.2 to 0.4 ng/ml.
Cord sera were tested at a 1:2 dilution and all positive tests
were repeated. To test for nonspecific reactivity of cord sera,
six cord sera from term infants born in Bethesda, MD, were
tested for total IgE by PRIST and for filaria-specific IgE by
solid-phase RIA. All of these sera contained <1.2 ng/ml of
total IgE and no detectable filaria-specific IgE.

Antigen-induced histamine release was performed with
cord blood leukocytes and B. malayi adult antigens (15).
Cord blood leukocytes were obtained by gravity sedimen-
tation of cord blood mixed 1:2 with a solution of 6% dextran

'Abbreviations used in this paper: PRIST, paper radioim-
munosorbent test; RAST, radioallergosorbent test.

and 0.1% EDTA in normal saline. After three washes in
Tyrode's solution lacking Ca"+ and Mg", the cells were
aliquoted into tubes to which varying concentrations of an-
tigen were added along with Ca"+ (1.8 X 106M/liter CaCI2)
and Mg"+ (1.0 X 10-6M/liter MgCl2) ions. The total reaction
volume was 0.5 ml. After incubation for 30 min at 370C,
supernatants were collected, frozen, and later assayed for
histamine by a radioenzymatic technique (16). The hista-
mine released during basophil degranulation was compared
with the total histamine content of the cells, determined by
freeze-thawing other aliquots. Spontaneous histamine re-
lease in the absence of antigen was 11.5±3.9% (SE) (n = 4).
Results were expressed as the percentage of histamine re-
lease: % histamine release = 100 (experimental - sponta-
neous/total - spontaneous).

RESULTS

13 of the 57 mothers had circulating W. bancrofti
microfilariae, but none had elephantiasis. Microfilariae
were absent from all cord blood samples.

Total serum IgE values are presented in Fig. 1.
Maternal IgE values were very high, as expected in
a population with a high prevalence of helminth in-
fection. IgE levels in cord sera were also high in com-
parison with values reported for offspring of nonatopic
mothers (upper limit of normal, 3 ng/ml) (4). In fact,
only 2 of 301 cord IgE values (PRIST) previously re-
ported exceeded the geometric mean IgE value ob-
served in this series (4-8).

All maternal sera had high levels of filaria-specific
IgE (Fig. 2). 33 of 57 cord sera had detectable filaria-
specific IgE. Data from 22 cord sera with >3 ng/ml
filaria-specific IgE were subjected to further analysis
in an attempt to establish the origin of the IgE in these
sera (Fig. 3). If one assumes that cord blood IgE was
not derived from the fetus but from transplacental
passage of blood during labor, ratios of filaria-specific
IgE to total IgE in paired cord and maternal sera
should be equal; this result was observed in 8 of 22
cases. However, in 14 of 22 serum pairs, the amount
of filaria-specific IgE in cord blood was greater (four-
fold or more) than that predicted by the transplacental
leakage hypothesis. Such results, suggesting prenatal
allergic sensitization to filarial antigens, were observed
in 5 of 13 cord sera from microfilaremic mothers and
9 of 44 cord sera from amicrofilaremic mothers (dif-
ference not significant by chi-square analysis).

In vitro leukocyte histamine release studies were
performed with cord leukocytes from four infants to
assess the presence of cell-bound filaria-specific IgE.
The results obtained were consistent with the serum
filaria-specific IgE values determined by RIA (Fig. 4).

Total IgM and IgA determinations were performed
for cord sera to further assess the possibility that cord
samples were contaminated by maternal blood as these
isotypes, like IgE, have been reported not to cross the
placenta (2). Elevated (>0.2 mg/ml) IgM levels were
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FIGURE 2 Filaria-specific IgE antibody in cord and maternal
sera. Geometric mean of cord sera was 2.5 ng/ml and of
maternal sera, 120 ng/ml.
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FIGURE 1 Total serum IgE in cord and maternal sera. Geo-
metric mean for cord sera was 12.6 ng/ml and for maternal
sera, 4,074 ng/ml.

detected in 5 of 57 cord sera. Three of these were

borderline elevations (0.21, 0.23, and 0.25 mg/ml) and
two were very high (1.80 and 1.10 mg/ml). Three cord
sera had IgA levels detectable by radial immunodif-
fusion (>0.1 mg/ml). Two of these (with >0.80 and
0.53 mg/ml) were the same sera that contained very

high levels of total IgM. The other (with 0.21 mg/ml
IgA) was from a serum that contained 0.19 mg/ml
total IgM. The three cord sera with elevated IgA and/
or very high levels of IgM suggesting maternal ad-
mixture had the highest cord levels of total IgE (>600
ng/ml) observed and ratios of filaria-specific IgE to
total IgE that were the same as those in paired ma-

ternal sera. One of the 14 cord sera with high specific

IgE/total IgE ratios had a slightly elevated total IgM
level (0.21 mg/ml). However, the mean IgM for this
group of sera (0.127 mg/ml, SE 0.0045) was no greater
than the mean IgM for all cord sera (0.125 mg/ml, SE
0.0045) after excluding the two sera with very high
IgM levels. None of the cord sera with high filaria-
specific IgE/total IgE ratios had detectable levels
of IgA.

Filaria-specific IgG titers of paired maternal and
cord sera were similar, always within one twofold di-
lution (r = 0.86). The only cord sera with detectable
filaria-specific IgM were the two sera with very high
total IgM and IgA values that suggested maternal blood
admixture.

DISCUSSION
Our results suggest that the human fetus is capable of
mounting IgE antibody responses and that such re-
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FIGURE 3 Ratios of filaria-specific IgE to total IgE in ma-
ternal-cord serum pairs. Ratios in cord sera were greater
than four times the ratios in maternal sera in 14 of 22 serum
pairs (solid lines). Cord and maternal ratios were similar in
8 of 22 serum pairs (broken lines).

sponses may occur frequently in the setting of mater-
nal helminth infection. Helminth infections remain a
fact of life for most of the world's population (17), but
are relatively uncommon in the developed countries
where cord blood IgE levels have previously been
measured and related to atopic disease. For example,
Kjellman et al. (5, 6) reported mean cord blood IgE
levels of 0.5 ng/ml in offspring of nonatopic mothers
and 2.6 ng/ml in offspring of atopic mothers. They
also noted a statistically significant association between
elevated cord blood IgE and the subsequent devel-
opment of atopic disease in infancy, and similar results
were reported by Michel et al. (4). However, the high-
est cord blood IgE level reported in these three studies
was 12 ng/ml, close to the geometric mean of the In-
dian cord blood results. We have not excluded the
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FIGURE 4 Histamine release of cord blood leukocytes ex-
posed to filarial antigens in vitro. Cord blood filaria-specific
IgE values in nanograms per milliliter are shown in paren-
theses.

possibility that the population studied may have ele-
vated cord blood IgE levels on a genetic basis, but that
hypothesis would not explain the parasite-specific IgE
antibody present in many cord sera.
The most important question regarding interpreta-

tion of the Indian data concerns the origin of the IgE
in the cord samples. Studies using radiolabeled eryth-
rocytes have demonstrated that small amounts of blood
pass from mother to fetus during labor in 26-70% of
normal deliveries (18-20). The amounts of blood trans-
ferred would not necessarily influence cord blood IgM
or IgA levels, or IgE levels when mothers have IgE
levels within the range normally observed in devel-
oped countries. However, mothers in this study had
very high total IgE levels and transplacental transfer
of as little as 1 ml of blood during labor could signif-
icantly alter cord blood IgE measurements. Indeed, we
have indirect evidence that this occurred in eight cases
where ratios of filaria-specific IgE to total IgE in ma-
ternal and cord sera were essentially identical, a find-
ing consistent with leakage. Three of these sera also
contained high levels of IgM and/or IgA, further sug-
gesting maternal blood admixture. However, in 14
other cases, the IgA, IgM, and IgE ratio data are not
consistent with transplacental antibody transfer and
suggest that prenatal IgE antibody responses to par-
asite antigens have occurred. Parasite-specific IgE an-
tibodies would be expected to comprise a greater pro-
portion of total IgE in the sensitized fetus than in the
mother because of the relatively limited antigen ex-
posure of the fetus.
One limitation of quantitative RAST assays as used

in this study is that they assume similar antibody af-
finities in the test sera and the standard serum pool.
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This point was discussed and data were presented es-
tablishing the validity of the filaria-specific RAST in
a previous publication from this laboratory (13). How-
ever, for the purposes of the present study, it is worth
pointing out that the affinity issue has no bearing on
our IgE ratio results that depend on comparisons (rel-
ative levels) of specific IgE antibodies within maternal-
cord serum pairs.
Cord blood IgE antibodies to specific antigens have

been reported previously. Kaufman (3) reported a case
with skin-sensitizing antibody to mixed grass antigens
present at birth and Michel et al. (4) reported three
infants with positive RAST tests at birth to milk an-
tigens. Our results are noteworthy because of the fre-
quency of positivity in the population and the fact that
these are the first reported prenatal IgE responses to
parasite antigens. Mendoza et al. (21) have recently
reported that cord blood basophils release histamine
when exposed to activated fifth component of com-
plement (C5a), calcium ionophore A23187, and anti-
IgE antibody (the latter usually required prior passive
sensitization of cells with IgE). Our results indicate
that sensitized cord blood basophils can also undergo
antigen-specific histamine release in vitro.

Elevations of total IgE and filaria-specific IgE in
cord blood were not confined to offspring of micro-
filaremic mothers. However, the prevalence of filarial
infection in this population almost certainly was higher
than the 23% detected by filtration of a single 1-ml
sample of blood. All mothers had detectable filaria-
specific IgE antibodies and, conceivably, all may have
been infected. In addition, the assay we used to mea-
sure filaria-specific IgE is not entirely parasite species-
specific. Studies from our laboratory have shown that
B. malayi antigen cross-reacts significantly with an-
tigens of other filarial species (Onchocerca volvulus,
Dipetalonema viteae, and W. bancrofti) and lesser
degrees of cross-reactivity also exist between B. malayi
and more distantly related nematodes such as Ascaris
lumbricoides (22). Thus, fetal allergic sensitization
could occur by transplacental passage of soluble par-
asite antigens or intact microfilariae (frequently ob-
served in filarial infections of animals and humans
(23), or by actual prenatal infection with migrating
third-stage larvae of W. bancrofti or antigenically re-
lated nematodes. Transplacental nematode infections
occur commonly in animals (24) and have been re-
ported sporadically in man (25). Whether or not true
infection occurs, prenatal exposure to parasite antigen
may influence subsequent immune responses of the
host to filarial infection and thereby contribute to the
extreme variability in disease expression observed in
filariasis (26). Support for this view is provided by an-
imal studies that have shown that prenatal immuni-
zation can alter postnatal immune responses to infec-

tion with the parasitic helminths Schistosoma mansoni
and Echinococcus multilocularis (27, 28).
Our finding that parasite-specific IgG levels were

similar in maternal and cord sera was not surprising
in view of the well-recognized equilibration of IgG
across the placenta in the third trimester of pregnancy
(2). The negative results with respect to total and fi-
laria-specific IgM in cord sera are harder to explain,
especially since Dissanayake et al. (29) reported filaria-
specific IgM in a small proportion of cord sera from
Sri Lanka. However, the issue of transplacental leak-
age was not addressed in that study and the study was
not conducted in a filaria-endemic region. Regarding
our negative IgM results, it is possible that the nature
of the helminth antigens involved and the mode of
antigen presentation to the fetus resulted in isolated
IgE antibody responses or that the IgE responses fol-
lowed IgM responses that occurred earlier in gestation
but which were no longer detectable at birth.
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