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ABSTRACT 

Purpose: We determined the prevalence of and risk factors for latex sensitization in patients 
with spina bifida. 

Materials and Methods: A total of 59 consecutive subjects 2 to 40 years old with spina bifida 
answered a questionnaire, and underwent a latex skin prick test and determination of serum IgE 
specific for latex by RAST CAP radioimmunoassay.* We also noted the relationships of total 
serum IgE skin prick tests to common air and food allergens. In  addition, skin prick plus prick 
tests were also done with fresh foods, including kiwi, pear, orange, almond, pineapple, apple, 
tomato and banana. 

Results: Latex sensitization was present in 15 patients (25%) according to the presence of IgE 
specific to latex, as detected by a skin prick test in 9 and/or RAST CAP in 13. Five latex sensitized 
patients (33.3%) had clinical manifestations, such as urticaria, conjuctivitis, angioedema, rhinitis 
and bronchial asthma, while using a latex glove and inflating a latex balloon. Atopy was present 
in 21 patients (35.6%). In 14 patients (23%) 1 or more skin tests were positive for fresh foods 
using a prick plus prick technique. Tomato, kiwi, and pear were the most common skin test 
positive foods. Univariate analysis revealed that a history of 5 or more operations, atopy 
and positive prick plus prick tests results for pear and kiwi were significantly associated with 
latex sensitization. Multivariate analysis demonstrated that only atopy and a history of 5 or more 
operations were significantly and independently associated with latex sensitization. 

Conclusions: A fourth of the patients with spina bifida were sensitized to latex. Atopy and an  
elevated number of operations were significant and independent predictors of latex sensitization 
in these cases. 
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Many products derived from the latex of Hevea brasiliensis 
(rubber tree) contain allergenic latex proteins.' Direct con- 
tact with latex products as well as the inhalation of airborne 
latex particles may lead to latex sensitization.2 Health care3 
and rubber industry workers,4 and patients with spina bi- 
fida5 are commonly considered at high risk for latex sensiti- 
zation.6 However, epidemiological studies do not agree on the 
prevalence of latex sensitization in patients with spina bi- 
fida. IgE specific to and clinical manifestations due to latex 
have been reported in European and North American studies 
in 307 to 49%S and up to  72%9 of patients with spina bifida, 
respectively. A low prevalence of latex sensitization (2.97 to 
4.3%) and symptoms due to latex (0.99 to 3.2%) has been 
reported in South American studies.'''. 11 Different socioeco- 
nomic strata, disparate levels of latex exposure and diverse 
predispositions are likely responsible for this discrepancy. 

An association between sensitization to latex proteins and 
sensitization to various foods (apricot, avocado, banana, 
buckwheat, celery, chestnuts, fig, grape, kiwi, melon, orange, 
papaya, passion fruit, peach, peanuts, pineapple, potato and 
tomato) has been reported.12-17 Therefore, a specific food 
sensitization may also be associated with latex sensitization 
in patients with spina bifida. We evaluate the prevalence of 
latex sensitization in patients with spina bifida in our area 
and assess the risk factors associated with latex sensitization 
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in these patients, including the presence of IgE specific to 
food as a possible predictor of latex sensitization. 

MATERIALS AND METHODS 

We evaluated 59 consecutive patients, including 42 female 
subjects (71.2%) with spina bifida 2 to 40 years old (mean age 
plus or minus standard deviation 14.3 2 9.3). All patients 
with spina bifida or their parents gave informed consent to 
study participation. Study duration was 10 months, and pa- 
tients were seen by allergists in the Allergic and Immunology 
Unit, Department of Pediatrics, Florence, University of Flo- 
rence, Italy. Subjects and/or parents answered a question- 
naire supervised by an allergist that revealed any current or 
previous presence of IgE mediated disease, such as asthma, 
rhinitis, conjunctivitis, atopic dermatitis, urticaria, drug re- 
actions, food and fruit allergy, and rubber clinical manifes- 
tations, including urticaria, angioedema, rhinitis, conjuncti- 
vitis, asthma, anaphylactic shock or other latex symptoms. 
The number and dates of previous operations and the dura- 
tion of intermittent catheterization were also noted. 

The latex skin prick test was performed using a commer- 
cial extract, as previously reported.18.19 Skin prick tests for 
other allergens were also done using 20 commercial glycer- 
inated extracts of air and food allergens at 1:20 weight per 
volume, including Dermatophargoides pteronyssinus, D. fari- 
nae, horse, cat and dog dander, Alternaria tenuis, Cladospo- 
rium herbatum, grass pollen, Parietaria officinalis, Artemi- 
sia vulgaris, olive pollen, cypress pollen, plane tree pollen, 
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milk, egg white, tomato, peanut, codfish, wheat and soy bean. 
Skin tests with fresh food were done by the prick plus prick 
technique according to Dreborg and Foucard20 with kiwi, 
pear, orange, almond, pineapple, apple, tomato and banana. 
Commercial extract and fresh food skin prick tests were 
performed on the volar side of the forearm using a lancet with 
a 1 mm, tip. Skin test results were considered positive when 
the wheal was 3 mm. or greater without any reaction to a 
negative control solution.21 The PRIST test for total serum 
IgE* and RAST CAPt specific IgE test against latex were 
done according to manufacturer instructions. Results greater 
than 0.35 kilounits per 1. for RAST CAP and greater than 2 
standard deviations per patient age in IU/ml. for PRIST were 
considered positive. 

Latex sensitization was defined as the presence of latex 
specific IgE, as evidenced by a positive latex skin prick test or 
RAST CAP. A diagnosis of latex allergy was made when a 
history of a clinical reaction to latex products was confirmed 
by the attending physicians plus latex sensitization. Atopy 
was defined as PRIST greater than 2 standard deviations for 
age, and/or 1 or more positive skin prick tests to common air 
andor food allergens. 

The chi-square, Fisher exact and Student t tests were used 
for statistical analysis with p c0.05 considered significant. 
Multivariate analysis was performed using logistic regres- 
sion. Variables were included in the multivariate models 
when they were significant in univariate analysis. All data 
were elaborated using a commercially available statistical 
computer software package. 

RESULTS 

Of our patients 15 (25.4%), 13 (22.0%) and 9 (15.3%) had 
IgE specific to latex, elevated serum levels of latex specific 
IgE (mean 29.6 ? 52.1 kiliunits per l., range 0.4 to 185) and 
a skin prick test positive for latex, respectively. Table 1 
shows the relationships of the skin prick test with RAST 
CAP. RAST CAP was negative but the latex skin prick test 
was positive in 2 cases, while the skin prick test was negative 
but there was serum latex specific IgE in 6. No side effects of 
the latex skin prick test were noted. 

Clinical manifestations of latex sensitization were reported 
by 5 of the 59 subjects (8.5%) with spina bifida, including 
urticaria in 4, conjunctivitis in 4, angioedema in 2, rhinitis in 
2 and bronchial asthma in 2. No anaphylactic reactions to 
latex were reported. All patients had clinical manifestations 
while using a latex glove or inflating a latex balloon but only 
1 had clinical manifestations after contact with a latex elastic 
band. Patients with a latex allergy were RAST CAP and skin 
prick test positive for latex. Mean serum latex specific IgE 
was 69.3 5 68.9 kilounits per 1. (range 12 to 185). Table 2 
shows the gender and age of latex sensitized and nonsensi- 
tized patients. No significant difference was found between 
the 2 groups in regard to gender and mean age. 

Of the 59 patients 21 (35.6%) had atopy, while 16 (27.1%) 
had elevated serum IgE levels and 18 (30.5%) had 1 or more 
positive skin prick tests with commercial extracts of air 
and/or food allergens. Nine patients (15%) had clinical aller- 
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TABLE 1. Concordance of RAST CAP and skin prick test for latex 
in 59 patients with spina bifida 

Skin Prick Test CAP (I) Total No. Pts. 
Pos. Neg. 

No. Pts. With RAST 

Pos. 7 (78) 2 (22) 9 
44(88) - 

Totals 13 46 59 
50 Neg. 

gic manifestations, such as rhinitis, conjunctivitis and bron- 
chial asthma, for air allergens, while 1 had atopic dermatitis 
after eating soybean. Atopic patients were more likely to be 
latex sensitized than nonatopic patients (table 2). Elevated 
total serum IgE as well as 1 or more skin prick tests positive 
for air allergens were significantly more common with than 
without latex sensitization (p = 0.001 versus 0.04, table 2). 
One or more skin prick tests positive for food allergens (com- 
mercial extracts) were not statistically associated with latex 
sensitization (table 2). 

The number of operations in the 59 patients with spina 
bifida ranged from 1 to 14 (mean 5). All patients underwent 
surgery on day 1 of life, and 48 (81%) performed intermittent 
catheterization for 12 to 276 months (mean 91.4). Patients 
with latex sensitization had undergone more operations than 
those without any sensitization to latex (p = 0.005, table 2). 
Those who had undergone 5 or more operations were more 
likely to be latex sensitized than those who had undergone 
fewer than 5 (odds ratio 7.7,95% confidence interval [CI] 2.0 
to 29.4, p = 0.002). No significant association was noted 
between latex sensitization and the duration of intermittent 
catheterization (table 2). One or more prick plus prick tests 
were positive for fresh food in 14 patients (24%) but only 1 
had a clinical manifestation (the oral allergy syndrome) after 
eating kiwi and tomato. Only prick plus prick tests positive 
for kiwi and pear were significantly associated with latex 
sensitization (p = 0.01, table 3). 

A multivariate logistic model was constructed using only 
variables found to be significant on univariate analysis. After 
including in the multivariate model atopy 5 or more opera- 
tions and a prick plus prick test positive for pear and kiwi, 
only atopy and a history of 5 or more operations were signif- 
icant and independent predictors of latex sensitization (table 
4). No interaction was observed between 5 or more operations 
and atopy for predicting latex sensitization. 

DISCUSSION 

The prevalence of latex sensitization in patients with spina 
bifida was 25%. According to the presence of IgE specific to 
latex in serum and a skin prick test positive for latex the 
rates were 22 and 15%, respectively. In the literature in 
patients with spina bifida positive latex RAST CAP preva- 
lence rates range from 3422 to 64.5%,23 while latex skin prick 
test prevalence rates range from 2.97*O t o  32%.5 These dif- 
ferences between the skin prick test and RAST CAP are 
probably due to differences in the latex source and possibly 
different allergenic proteins in the in vivo and in vitro tests. 
However, in other groups the latex skin prick test was more 
sensitive than RAST CAP.5-24 

The discrepancy between patients with spina bifida and 
the remainder of the population may be explained by more 
frequent sensitization to certain latex proteins (molecular 
weight 14.6, 20, 24 and 27 kD.) in patients with spina bifida 
than in 0thers.~5,2~ These proteins are more easily detectable 
with in vitro (RAST CAP) than in vivo (skin prick test) 
assessments. Although the rate of a positive RAST CAP for 
latex was higher than a positive latex skin prick test in our 
study, 2 patients were latex skin prick test positive and 
RAST CAP negative. Thus, we decided to define latex sensi- 
tization as a positive latex RAST C A P  or skin prick test. 

Five of the 59 patients (8%) had an IgE mediated allergy to  
latex. The most common clinical manifestations were urti- 
caria and conjunctivitis, and symptoms were always reported 
while patients were using a latex glove or inflating a latex 
balloon. In the literature in patients with spina bifida the 
prevalence rates of symptoms to latex glove range from 0.9910 
to 72%.9 Greater exposure to latex products with a higher 
content of allergenic proteins and a different socioeconomic 
status as well as a different personal predisposition may 
explain such different prevalences. 
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TABLE 2. Characteristics of the 2 groups of patients with spina bifida 
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Nonsensitized Sensitkdto OddsRatio p value 
to Latex Latex (95% CI) (test) 

No. female pts. 31 11 1.15 (0.27-5.28) Not significant (Fisher's %tailed exact) 
No. male pts. 13 4 0.87 (0.19-3.77) Not significant (Fisher's 2-tailed exact) 
Mean age ? SD (yrs.) 
Mean intermittent bladder catheterizations ? SD 
Mean operations 2 SD 4.09 2 2.05 6.4 5 2.92 
No. pts. with atopy 11 10 6.0 (1.73-20.66) 0.004 (Fisher's %tailed exact) 
No. pts. with total serum IgE W t e r  than 2 SD for age 7 9 7.93 (1.8137.04) 0.001 (Fisher's %tailed exact) 
No. pts. with 1 or more p. skin prick tests (oommemial 

14.86 2 9.79 
66.15 2 49.14 

12.93 2 7.82 
98.40 2 89.10 

Not signi6cant (FisMs %tailed exact, Student's t) 
Not signi6cant (Student's t) 
0.005 (Student's t) 

extract): 

Food allergens 1 2 6.62 (0.&201.90) Not significant (Fisher's %tailed exact) 
Air allergens 10 8 3.89 (0.97-16.13) 0.04 (Fiher'~ 2-tailed exact) 

TABLE 3. Comparison of prick plus prick test reactions to fresh 
food in the 2 mourn of Datients with mina bifida 

~ ~~ ~ 

No. No. p Value 
Food Nonsensitized Sensitized (Fisher's 2-tailed exact test) 

Apple 
Tomato 
Kiwi 
Pear 
Banana 
Orange 
Pineap- 

Almond 
ple 

0 Not significant 
2 Not sigruficant 
4 0.0126 
4 0.0126 
1 Not significant 
2 Not significant 
0 Not significant 

1 Not simificant 

TABLE 4. Multivariate analysis of risk factors significantly 
associated with latex sensitization in Datients with mina bifida 

Odds Ratio (95% CI) ~ nvalue 

AbPY 5.6 11.2-26.7) 0.0295 
5 or More operations 6.6 (1.4-32.3) 0.0194 
Pos. prick + prick test for pear 12.3 (0.6-252.1) 0.1032 
Pos. prick + prick test for kiwi 6.8 (0.2-206.3) 0.2686 

Atopy was a significant and independent predictor of latex 
sensitization in patients with spina bifida. An association 
between atopic status and latex sensitization risk has been 
reported by others in those with7.8~27 and without spina 
bifida.5.19 A high number of previous operations have also 
been recognized as a risk factor for latex sensitization. Kelly 
et a1 found that 9 or more previous surgical procedures as 
well as a medical history of immediate rubber contact allergy 
and food allergy identified patients with spina bifida as being 
at higher risk for anaphylactic reactions during operations 
using general anesthesia.28 In patients with spina bifida 
Nieto et a1 demonstrated a statistically significant associa- 
tion between latex sensitization and the number of opera- 
tions (mean 8.34).27 On the other hand, Tosi et al reported no 
significant difference between the number of previous oper- 
ations in latex RAST CAP positive and negative cases.29 
However, we believe that latex-free products should be used 
in medical and surgical procedures in all patients with spina 
bifida because an increased number of operations and a mas- 
sive exposure to latex products may be contributing factors in 
latex sensitization and severe rubber clinical manifestations. 
Our study shows that 5 or more operations are a significant 
risk factor for latex sensitization. The type of surgical proce- 
dure (abdominal versus orthopedic) may be a further risk 
factor for latex sensitization. Unfortunately we did not obtain 
data on the different types of operations performed in our 
patients. 

In our study intermittent catheterization did not identify 
Patients as having a significant risk for latex sensitization. It 
is likely that during this procedure catheters with a small 
amount of latex or latex-free catheters were used, decreasing 
or eliminating latex exposure. However, Nieto et al noted a 
significant association between latex sensitization and pre- 
vious intermittent catheterization.27 

Latex sensitized patients often present with clinical symp- 
toms after eating fruit.14 Indeed, latex has some proteins in 
common with foods such as banana, avocado, pear, papaya, 
Ficus species, mango, melon, passionfruit, chestnut, kiwi, 
pineapple, peach and tomato.1s17 In our study there was a 
high prevalence of IgE specific to fresh food (24%) but only 1 
patient had symptoms after eating those foods. Tomato and 
kiwi caused the oral allergic syndrome in a patient with latex 
sensitization. A positive prick plus prick test for pear and/or 
kiwi was significantly associated with latex sensitization but 
only on univariate analysis. 

We found that the major risk factors for latex sensitization 
in patients with spina bifida were atopy and a high number 
of operations. Questions that remain unanswered include 
whether patients with spina bifida who are currently latex 
negative will eventually become sensitized to latex and 
whether they will require repeat testing in the future to 
detect that change. The cross-sectional design of our study 
does not allow us to draw any conclusions about this issue. 
Further prospective studies are needed for allergological 
long-term followup of patients with spina bifida. 

CONCLUSIONS 

Latex sensitization was present in 25% of our patients with 
spina bifida. Only atopy and a history of 5 or more operations 
were significantly and independently associated with latex 
sensitization. The significant association between latex sen- 
sitization and atopy suggests that in patients with spina 
bifida atopic status plus early and increased latex exposure 
(elevated number of operations) is responsible for latex sen- 
sitization. 
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EDITORIAL COMMENT 

This article addresses the issue of latex allergy in the spina bifida 
population. The authors noted a 25% incidence of latex allergy in 
their patients with spina bifida, which is similar to that previously 
reported and much lower than the 60% incidence that we previously 
noted.’ They identified no correlation between latex allergy and 
patient gender or age, or duration of clean intermittent catheteriza- 
tion, which is consistent with previous studies. In this review as in 
others, including ours, a correlation was noted between latex allergy 
and the number of surgical procedures. However, in this study the 
authors were unable to  evaluate whether there was a risk difference 
based on the type of surgical procedure. In our experience there 
appeared to be increased risk with intra-abdominal procedures, al- 
though it was not statistically significant. Atopy is reported to be a 
significant risk factor in this study, and the authors evaluated sev- 
eral fruits and common allergens, identifying kiwi and pear as sig- 
nificant. They did not postulate why this is so. As others have noted, 
including us, there is discordance between the RAST CAP and the 
skin prick test. Since the development of latex allergy is postulated 
to be the result of repetitive exposure to latex, one may conclude that 
latex allergy develops with time. This finding is extremely important 
in this patient population in whom multiple surgical procedures are 
common. Thus, all patients should be treated as potentially latex 
allergic and exposure to latex should be prevented. 

Pamela Ellsworth 
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Lebanon, New Hampshire 
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A. A.: Evaluation and risk factors of latex allergy in spina 
bifida patients: is it preventable? J. Urol., part 2, 691, 1993. 

REPLY BY AUTHORS 

It should be noted that the prevalence of latex sensitization (pres- 
ence of latex specific IgE) was 25% while the prevalence of latex 
allergy (latex sensitization plus clinical reactions to  latex products) 
was 8%, and the risk factors were evaluated for latex sensitization 
only. 
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