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Allergy to latex represents a serious health problem 
in several distinct populations. Individuals with 
spi­na bifida are at particular risk of immunoglobu-

lin E (IgE)–mediated latex sensitization and hypersensitiv-
ity reactions.11 The prevalence among these patients ranges 
from 25%–65% in different studies, compared with only 
0.7% in healthy children.1 A family history of atopy and re-
peated exposure to latex allergens through multiple surgi-
cal procedures have been identified as major risk factors.2 
Moreover, it is well established that the earlier the first ex-
posure to these allergens, the more likely a latex sensitiza-
tion occurs.4 The presence of a ventriculoperitoneal shunt, 
however, has not proved to be an independent risk factor.9

The fetus is able to produce IgE starting in the 11th 
week of gestation and as IgE may not cross the placental 

barrier, levels measured in umbilical cord blood reflect 
fetal production.6 Several reports have demonstrated the 
association of total IgE levels, allergen-specific IgE, and 
allergen-specific T-cell memory in cord blood and the de-
velopment of atopic disease in childhood.5,13 Intrauterine 
allergen exposure has been documented in cord blood 
and amniotic fluid, indicating the possibility of intrauter-
ine sensitization.13 It has been reported that contact of la-
tex allergens with cerebrospinal fluid or the meningeal 
layer induces localized allergic reactions.12 Therefore, 
one might presume that exposure of meningeal layers to 
allergens in the amniotic fluid leads to prenatal latex sen-
sitization in children with spina bifida.

The aim of this pilot study was to answer this ques-
tion by comparing spina bifida patients with matched sub-
jects who, other than the presence of the neurodysraphia, 
are at comparable risk for latex sensitization.
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Object. Patients with spina bifida are particularly vulnerable to developing immunoglobulin E (IgE)–mediated 
latex sensitization. Even though many risk factors leading to latex allergy in these patients have been described, it 
is still unclear whether the increased prevalence of latex sensitization is disease associated or due to the procedures 
used to treat spina bifida. The aim of this study was to assess prenatal latex sensitization in patients with spina bifida 
by examining IgE levels in umbilical cord blood.

Methods. Patients with spina bifida and matched healthy infants were recruited from the University Medical 
Center Hamburg-Eppendorf and Children’s Hospital Altona. Latex-specific and total IgE were assessed in umbilical 
cord blood using ImmunoCAP testing to evaluate the degree of prenatal latex sensitization.

Results. Twenty-two subjects, 10 with spina bifida and 12 healthy individuals, were included. Subjects were 
selected after matching for sex, gestational age, weight, parental allergy profile, number of prenatal examinations, 
and utilization of latex tools during pregnancy (propensity score estimates, p = 0.36). In patients with spina bifida, 
latex-specific and total IgE levels were significantly higher than those in healthy individuals (p = 0.001). After nor-
malization to total IgE, latex-specific IgE levels were higher, yet not significantly increased (p = 0.085).

Conclusions. Perinatally, there is a significant augmentation of total and latex-specific IgE in patients with spina 
bifida. After correcting for total IgE, latex-specific IgE was increased, yet not significantly higher than in matched, 
healthy controls. This pilot study gives novel insights in the immunological reactions related to spina bifida. The 
increased latex-specific IgE levels could possibly be associated with the occurrence of a latex allergy in the future.
(http://thejns.org/doi/abs/10.3171/2013.12.PEDS13402)
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Methods
Patient Samples

The ethics review committee at the medical council 
Hamburg approved the study (PV3896). The participants 
were recruited from the University Medical Center Ham-
burg-Eppendorf and Children’s Hospital Altona. From 
April 2011 until June 2013, patients with spina bifida and 
a similar number of matched controls were included. The 
control group consisted of healthy individuals who were 
selected to match the spina bifida patients regarding their 
sex, gestational age, birth weight, allergy profile of the 
parents and their close relatives, and number of prenatal 
examinations and utilization of latex tools (such as pre-
servatives) during pregnancy. All subjects were delivered 
via cesarean section.

Measurements
Umbilical cord blood that had been obtained immedi-

ately after delivery by the nursing staff from each partici-
pant whose parents had given written informed consent 
was used. Measurements of total and latex-specific IgE 
in umbilical cord blood were performed using Immuno-
CAP (Phadia/Thermo Fisher Scientific) according to the 
instructions of the manufacturer. The WHO International 
Reference Preparation for human IgE 75/502 was used for 
total IgE and specific IgE; values are expressed in kUA/L.

Questionnaire
To reduce confounding factors, a family history of al-

lergic disorders (asthma, atopic dermatitis, allergic rhini-
tis/conjunctivitis, and urticaria) and other environmental 
factors that might influence the immune response and the 
onset of atopy was obtained.

Statistical Analysis
Statistical analysis was performed using SAS (ver-

sion 9.3, SAS Institute, Inc.) and SPSS (version 21.0, 
IBM). Data are presented as means ± SD. The subjects 
in the control group had features similar to the neonates 
with spina bifida with regard to sex, gestational age, birth 
weight, allergy profile of the parents, and number of pre-
natal examinations and exposure to latex tools during 
pregnancy. The selection was controlled using nearest 
neighbor propensity score matching. Differences between 
groups and predictive values were calculated using the 
Mann-Whitney U-test and chi-square analysis. The level 
of significance was set at p ≤ 0.05.

Results
Umbilical cord blood (2–3 ml) from 22 matched sub-

jects who were either healthy (n = 12) or presented with 
spina bifida (n = 10) was used for ImmunoCAP testing to 
measure total and latex-specific IgE (Table 1). Fifty-five 
percent of all subjects were female with an average ges-
tational age of 35.6 weeks and a body weight of 2775 g. 
On average the subjects underwent 3.6 prenatal examina-
tions. Nine percent of the mothers reported that they had 

regular contact with latex products during gestation. All 
subjects’ parents completed the questionnaire, and 3 of 22 
mothers (1 with bronchial asthma and 3 with hay fever) 
and 2 of the 22 fathers (1 with bronchial asthma and 1 
with hay fever) reported that they had known allergies. 
The patients with spina bifida and controls had similar 
sex distribution (p = 0.71), gestational age (p = 0.95), birth 
weight (p = 1), and allergy profile of the parents (mater-
nal p = 0.66 and paternal p = 0.90) as well as number 
of prenatal examinations (p = 0.55) and utilization of la-
tex tools (such as preservatives) during pregnancy (p = 
0.90). Propensity score estimates (considering the factors 
mentioned above) were similar in both groups (p = 0.36). 
Subjects with spina bifida had significantly higher levels 
of total IgE than healthy fetuses (3.534 ± 0.910 vs 2.179 ± 
0.425 kUA/L, p = 0.001) and latex-specific IgE (0.123 ± 
0.031 vs 0.058 ± 0.026 kUA/L, p = 0.001). However, after 
correcting for total IgE, fetuses with spina bifida (0.033 
± 0.010) had a higher, yet not significantly higher, ratio 
of specific and total IgE than the control group (0.026 ± 
0.001, p = 0.085). The latex-specific levels were slightly 
lower and total IgE levels were slightly higher in females 
than in males (Table 2).

Discussion
A latex allergy in patients with spina bifida has seri-

ous health-related and socioeconomic implications. Thus, 
exploration of effective measures to prevent latex sensi-
tization is of great interest. Many protocols, such as hos-
pital-wide latex-free policies and procedures, have been 
established and have resulted in a reduction of primary 
sensitization in newborns with spina bifida from 26.7% 
to 4.5%.10 Latex-free gestational care to reduce prenatal 
latex sensitization in high-risk patients could be another 
option. However, these measures are costly, and the estab-
lishment of a relatively simple immunological test based 
on possible spina bifida–related changes in total and la-
tex-specific IgE levels in umbilical cord blood to reduce 
the risk of developing a latex allergy would be a serious 
improvement.

Analyzing the data in this current study, we found 
significantly higher latex-specific and total IgE levels in 
patients with spina bifida than in controls. In line with pre-
vious reports, slightly higher total IgE levels were found 
in females.16 After correcting for total IgE levels, patients 
with spina bifida had higher latex-specific IgE levels than 
the matched, healthy controls. The difference was not sig-
nificant because of the small sample size. However, it is 
still possible that the augmentation of latex-specific IgE is 
due to a nonspecific reaction rather than allergen-specific 
priming.

Nevertheless, there is increasing evidence suggesting 
that prenatal exposure to allergens plays an important role 
in the development of allergy. For instance, the presence 
of allergen-specific T cells at the time of birth signify that 
specific immune responses can develop in utero.13 It has 
been reported that contact of latex allergens with cerebro-
spinal fluid or the meningeal layer induces localized aller-
gic reactions.12 One might hypothesize that the strong as-
sociation of relative latex-specific IgE with spina bifida, as 
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found in this current study, is due to the prenatal exposure 
to atypical allergens, as can happen when the CNS tissue 
alters the immune response and leads to latex sensitization.

Unfortunately, data about prenatal latex sensitization 
are scarce. However, several studies have concentrated 
on sensitization to food and environmental antigens. For 
instance, the neonatal T-cell response to environmental 
allergens is not associated with prenatal antigen expo-
sure, indicating that T-cell memory to specific allergens 
develops postnatally rather than in utero.14,17 Moreover, 
Sybilski et al. assessed correlations of total IgE as well 
as food and environmental antigen-specific cord blood 
IgE with allergic symptoms in the 1st year of life.16 They 
found no association between high total IgE and specific 
IgE levels in umbilical cord blood with a family history 
of atopy and the outcome of atopic diseases. It seems that 
total and specific IgE levels combined with atopic family 
history could not be used as an indicator to single out 
high-risk infants. Lopez et al. examined the relationship 
between asthma and serum IgE levels in early life.8 They 

found that neither isolated total IgE concentration nor its 
combination with a positive maternal allergy history are 
suitable to sufficiently predict the future development of 
atopic diseases within the first 12 months of life.

There are several factors that may influence IgE lev-
els in the fetus. Among others, it has been proposed that 
atopy in parents and close relatives presages a significant 
increase in the IgE levels, which could be followed by an 
increased incidence of atopic diseases during infancy.15 
Most authors point to the presence of atopic diseases, 
particularly in the mother, as a key factor contributing 
to elevated levels of IgE in umbilical cord blood. How-
ever, the influence of maternal allergen exposure result-
ing in pre- or postnatal allergen transfer and the impact 
on developing immune responses of the fetus remains 
controversial.3,7 The fact that allergic symptoms usually 
appear early in life implies that the neonate is subjected 
to these factors, perhaps even at the fetal stage. Fusaro 
et al. showed in a rat model that maternal mucosal al-
lergen exposure during the pre- or postnatal period led to 

TABLE 1: Features of patients with spina bifida and matched controls*

Group
Parameter Spina Bifida (n = 10) Control (n = 12) p Value

female 6 6 0.71
gestational age (wks) 35.7 ± 2.5 35.5 ± 1.7 0.95
gestational weight (kg) 2.8 ± 0.7 2.8 ± 0.6 1
no. of prenatal examinations 3.6 ± 0.5 3.5 ± 0.7 0.55
regular latex contact 1 1 0.90
history of maternal allergies 1 2 0.66
history of paternal allergies 1 1 0.90
propensity score estimation 0.470 ± 0.053 0.442 ± 1.069 0.36
latex-specific IgE (kUA/L) 0.123 ± 0.031 0.058 ± 0.026 0.001
total IgE (kUA/L) 3.534 ± 0.910 2.179 ± 0.425 0.001
latex-specific IgE/total IgE 0.033 ± 0.010 0.026 ± 0.001 0.085

*  Groups were comparable (propensity score estimation, p = 0.36), but subjects with spina bifida had significantly higher total and 
specific IgE. Even after correction for total IgE, there was a strong, yet not significant, trend. Significant values are in boldface.

TABLE 2: Differences between males and females regarding total and relative latex-specific IgE*

Group
Sex† Spina Bifida Control p Value

female
  latex-specific IgE (kUA/L) 0.100 ± 0.023 0.057 ± 0.018 0.012
  total IgE (kUA/L) 3.495 ± 1.178 2.208 ± 0.510 0.013
  latex-specific IgE/total IgE 0.031 ± 0.009 0.025 ± 0.008 0.30
male
  latex-specific IgE (kUA/L) 0.115 ± 0.013 0.060 ± 0.030 0.041
  total IgE (kUA/L) 3.308 ± 0.925 2.150 ± 0.367 0.041
  latex-specific IgE/total IgE 0.037 ± 0.012 0.027 ± 0.008 0.14

*  Females had slightly higher total IgE and lower latex-specific IgE values. However, the differences between spina bifida patients 
and controls remain similar. Significant values are in boldface.
†  There were 6 females in the spina bifida group and 6 in the control group. There were 4 males in the spina bifida group and 6 
in the control group. 
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the occurrence of allergen-specific IgE depending on the 
timing and amount of allergen administration.7 It seems 
that although gestation is a time for developing immuno-
logical tolerance in the fetus, high antigen exposure to the 
mother’s mucosa might result in induction of fetal IgE 
antibody production. Thus, regular mucosal exposure to 
latex during pregnancy could result in latex sensitization 
and should be avoided in high-risk patients.

The main limitation for reliable findings of this pi-
lot study is the small number of available samples. Even 
though statistical significance was reached for most as-
pects, this could result in over- or underestimation of the 
effects described. To confirm the results of the current 
study, further research with a larger cohort is therefore ur-
gently needed. Furthermore, the strong maternal influence 
is not well accounted for due to the current study design. 
Thus the acquisition of maternal IgE levels to reduce this 
factor as a confounder in subsequent studies is advisable.

Conclusions
The present study shows a significant increase in 

latex-specific IgE and total IgE in patients with spina bi-
fida, which may indicate that latex sensitization occurs 
prenatally. In turn, this could mean that latex products 
ought to be avoided during pregnancy, especially in high-
risk fetuses. Unfortunately, because of the small sample 
size, the study failed to reach significance for relative 
latex-specific IgE. The increase in latex-specific IgE and 
total IgE in spina bifida patients could also be from a 
nonspecific reaction rather than allergen-specific prim-
ing. Nevertheless, this pilot study revealed novel insights 
in the immunological reactions related to spina bifida and 
a strong tendency for increased latex-specific IgE levels 
that could be associated with the occurrence of a latex 
allergy in the future, possibly due to the early exposure of 
the CNS to allergens in the amniotic fluid. The examina-
tion of cord blood from spina bifida patients will be con-
tinued with several improvements, particularly to better 
account for maternal influences.
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