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Summary

Background Sensitization to latex has become a major problem in children with spina

bi®da. Life-threatening reactions may occur in these patients, therefore the search of latex

sensitization must be an active task in all of these children.

Objective To design an approach for the diagnosis of latex sensitization in children with

spina bi®da.

Methods We studied 100 consecutive unselected patients. Skin prick tests with a

commercial latex extract were performed, latex-speci®c serum immunoglobulin (Ig) E

was determined by CAP test, and risk factors were studied. Originally, patients with an area

of latex skin test > 50% of the area of histamine and/or CAP class $ 3 were considered

sensitized to latex. Diagnostic tests were also performed in a control group of 51 atopic and

nonatopic children.

Results After performing a receiver-operating characteristics curve for both tests we

recommend skin tests > 25% of the area of histamine (sensitivity ÿ SEN� 79%, speci®city

ÿ SPE� 100%, positive predictive value ÿ PPV� 100%, negative predictive value ÿ

NPV� 90%), or CAP class $ 2 (SEN� 88%, SPE� 100%, PPV� 100%, NPV� 94%) as

diagnostic cut-off points. The anamnesis had a SEN of 44% for diagnosis, and a SPE of

100%. Latex sensitization was associated with more than 5 operations (OR� 8, 95%

CI� 3±21.3), a personal history of atopy (OR� 11.5, 95% CI� 2.3±57.1), and serum total

IgE $ 2 z-units (OR� 4, 95% CI� 1.6±10).

Conclusion For the routine evaluation of children with spina bi®da, we propose a

diagnostic algorithm with skin prick tests as a ®rst step and CAP second.
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Introduction

Since 1979, when urticaria to latex was described by Nutter

[1], immunoglobulin (Ig) E-mediated allergy to latex is

increasingly being reported. First mild cases of urticaria

have been followed by severe anaphylactic reactions during

surgical and diagnostic procedures [2±4], in which there is a

direct contact of latex with mucosas and blood vessels.

Some of the allergic reactions formerly attributed to anaes-

thetic agents and contrast media have been proved to be

caused by latex [4].

Populations with professional contact with latex are at

risk of developing latex allergy [5], and, what concerns the

paediatric ®eld, multi-operated patients, such as children

with spina bi®da and other malformations [2,6±8], consti-

tute a distinct high risk group, whose pattern of sensitization

differs from that of adult patients [9,10]. Thus, results of

diagnostic tests in adults are not readily applicable to children.

Those involved in the care of children with spina bi®da

must be aware of the high frequency of latex allergy, and

know how to manage and advise these patients. Simple

procedures, such as dental care or rectal examination with

latex gloves, may elicit potentially harmful reactions in

sensitized patients.
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Sensitization to latex must be present before the onset of

symptoms, so the search for latex hypersensitivity should be

warranted in all children with spina bi®da. The aim of this

work was to measure, in a large group of unselected children

with spina bi®da, the value of commercial tests used for the

diagnosis of latex allergy, and to study the associated risk

factors, in order to design a diagnostic approach in these

patients.

Patients and methods

We studied 100 consecutive unselected patients with spina

bi®da, who had been followed from birth in the Paediatric

Urology Section of a tertiary reference centre. Data were

recorded about sex, age, familial and personal history of

atopy, history of intermittent bladder catheterization,

number of operations and cystourethrograms, serum total

IgE both in U/mL and in z units, and patients were questioned

about undue reactions to latex. These included urticaria,

oedema of face and lips, tongue itching, rhinitis, cough, and

anaphylactic shock in one patient. A positive familial or

personal history of atopy was that of asthma, atopic dermatitis,

rhinitis, conjunctivitis or urticaria not related to latex.

A control group of non-spina bi®da children, comprising

35 atopic patients, with demonstrated sensitization to

common foods and aeroallergens, and 16 children without

allergic diseases, was used to study speci®city of latex skin

prick tests and serum-speci®c IgE. None of these children

had reactions to latex.

In vivo tests

After informed consent was obtained from parents, skin

prick tests with commercial latex antigen (ALK-Abello

Laboratories, Madrid, Spain) were done in all the patients.

This antigen is obtained from an ammoniated preparation of

latex, but ammonium is eliminated during the process of

extraction. The ®nal product is a glycerinated solution with

a 2-mg/mL concentration of proteins, which include a 14

kDa antigen, corresponding with the rubber elongation

factor (information provided by the manufacturer). Skin

tests were graded 0±4� compared with saline solution and

1% glycerinated histamine, according to a method similar to

that of Turjanmaa [11]. No weal was graded as 0�, weals

with an area up to 25% of the weal elicited by histamine

were graded as 1�, 2� when the area was between 25 and

50%, 3� when the area was between 50 and 75%, and 4�

when it exceeded 75%. The skin tests did not cause adverse

reactions in any of the patients.

In vitro tests

Serum total and latex-speci®c IgE (Pharmacia CAP

System, Uppsala, Sweden), according to the manufacturer's

instructions, were measured in all cases. Total serum IgE

was evaluated in absolute units/mL, and to account for age,

it was also converted into standard deviations from the mean

for age (z units), following the values published by Kjell-

man et al. [12]. Values lower than 2 units/mL (sensitivity of

the technique) were treated as 2 U/mL for analysis. Latex-

speci®c IgE was graded, as suggested by the manufacturer,

as class 0 for values lower than 0.35 U/mL, class 1 for

values between 0.35 and 0.7, class 2 between 0.7 and 3.5,

class 3 between 3.5 and 17.5, class 4 between 17.5 and 50,

class 5 between 50 and 100, and class 6 for values above

100 U/mL.

Classi®cation of patients

Spina bi®da patients were classi®ed according to responses

to both in vivo and in vitro tests. Patients with strong

responses (skin test 3�, CAP class 3) in any of the tests

were considered sensitized to latex. One patient with a skin

test of 2� and latex-speci®c IgE of class 2, concordant with

each other, was also classi®ed as sensitized. Patients with

both tests negative, or with only one of them with a very

weak response (skin test 1�, CAP class 1) were classi®ed as

non-sensitized. The rest (patients with responses 0 and 2, 1

and 1, 1 and 2 in the tests) were considered inconclusive.

Statistical study

A stepwise logistic regression analysis was performed using

sensitization as the dependent variable, and the factors listed

above as independent variables. The independent variables

thus selected were crossed with the variable sensitization to

calculate their odds ratio. The statistical analysis was

performed with the commercial package SPSS-PC (SPSS

Inc., Chicago, IL, USA).

Once the patients were classi®ed using the above des-

cribed criteria, a receiver-operating characteristics (ROC)

curve was performed for each separate diagnostic test, skin

prick tests and CAP. Through the use of these curves, we

selected the best cut-off points to choose the ®nal diagnostic

criteria, and according to these, we recalculated sensitivity,

speci®city and positive and negative predictive values of the

tests. These values were also calculated for the combined

use of the selected risk factors.

Results

The control group of atopic and nonatopic children com-

prised 51 children (33 male), with a mean 6 SD age of

8.2 6 3.9 years (range 3 months±14.7 years). Skin tests were

graded as 0� in 49 of them, and 1� in the other two. CAP

test was done in 39 patients. Values < 0.35 U/mL (class 0)

were found in 36 cases, values in class 1 (0.36 and 0.41
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U/mL) in two cases, and a value of 17.8 U/mL (class 4) in

one patient, who was a highly atopic girl, with serum total

IgE over 2000 U/mL. Two other patients with serum total

IgE over 1000 U/mL (1330 and 1415) had undetectable

levels of speci®c IgE. The results yielded a speci®city of

100% for skin tests, and 97.5% for CAP.

The study group of spina bi®da children comprised 100

children (51 male) with a mean 6 SD age of 7.5 6 4.9 years

(range 2 months±17.5 years).

According to the original aforementioned criteria, we

classi®ed 29 patients as sensitized, 63 as non-sensitized,

and eight as inconclusive. The cut-off points originally

selected for diagnosis of sensitization to latex was 3� in

skin tests, and class 3 in CAP. Once the patients were

classi®ed, we performed a ROC curve for each test, CAP

and skin prick tests, which had an area under the curve of

0.95 and 0.96, respectively. According to these curves, we

identi®ed 2� for skin tests, and CAP class 2 as the best cut-

off points. These values were used as new diagnostic

criteria; patients with results of at least 2� in skin tests

and/or CAP class $ 2 were considered to be sensitized to

latex. Thus, 34 patients were classi®ed as sensitized, and the

other 66 as currently non-sensitized. With this classi®cation,

we performed new ROC curves for both tests, and areas

under the curve were 0.91 for skin tests and 0.97 for CAP.

The same best cut-off points, 2� for skin tests, and class 2

for CAP were identi®ed in the new curves, so we calculated

their sensitivity, speci®city and predictive values, which are

shown in Tables 1 and 2.

Among the 34 patients newly classi®ed as sensitized, 15

(44%) presented adverse reactions in relation to latex, which

ranged from mild urticaria when in¯ating balloons to

anaphylactic shock while undergoing a cystourethrogram.

All 15 patients with clinical reactions to latex in ana-

mnesis had skin tests with values of 3�, and all of them had

a CAP class $ 2. In these 15 patients, the anamnesis was

supported by the tests. Thus, sensitivity of the anamnesis for

diagnosis of sensitization to latex was 44%, speci®city was

100%, positive predictive value was 100% and negative

predictive value was 78%.

Three of the potential risk factors (number of operations,

personal history of atopy and serum total IgE) were selected

by a multivariate logistic regression analysis as synergistic-

independent variables to predict sensitization to latex. More

detailed information has been published elsewhere [13].

These three factors were chosen for the evaluation algorithm

shown in Fig. 1, and their separate odds ratios and diag-

nostic values for the diagnosis of sensitization to latex are

displayed in Table 3.

The combination of more than ®ve operations and/or a

positive personal history of atopy and/or 2 z units of serum

total IgE may be used in some instances as a diagnostic test

to predict sensitization to latex, with a sensitivity of 88%,

speci®city of 70%, and positive and negative predictive

values of 60% and 92%. If we only use the combination of

the ®rst two risk factors (more than ®ve operations and/or a

positive personal history of atopy), their values would be 67,

85, 70 and 84%, respectively.

Discussion

The natural rubber or latex, used in widespread products,

may contain up to 240 polypeptides [9]. After extraction by

industrial manufacturing some of them remain [14] and act

as very potent antigens [15]. The list of identi®ed allergens

implied in latex allergy keeps growing [16,17], making

dif®cult the standardization of reagents for diagnostic tests.

Our work was aimed at the clinical diagnosis of sensi-

tization to latex, not only to the diagnosis of allergy or

symptomatic sensitization to latex. The risk of anaphylactic

reactions to latex is highest in patients who have experi-

enced previous severe reactions; nevertheless there are

descriptions in adult patients on the gradual progress from

minor symptoms (itching, urticaria) to anaphylactic reac-

tions [3,18], and there are reports of patients in whom

the onset of clinical symptoms was a life-threatening

event [2±4]. In some of these, previous minor reactions to

latex were identi®ed retrospectively [2,4], but these data are

not available in others [4]. Identi®cation of asymptomatic

patients who are sensitized to latex, as demonstrated by a
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Table 1 Sensitivity, speci®city and predictive values for the

selected cut-off point of 2� (> 25% of area of histamine) for

latex skin prick tests in children with spina bi®da

Skin prick test Sensitized patients Non-sensitized patients

$ 2� 27 0

< 2� 7 66

Sensitivity: 79%. Positive predictive value: 100%. Speci®city:

100%. Negative predictive value: 90%.

Table 2 Sensitivity, speci®city and predictive values for the

selected cut-off point of latex CAP class $ 2 in children with

spina bi®da

CAP Sensitized patients Non-sensitized patients

Class $ 2 30 0

Class < 2 4 66

Sensitivity: 88%. Positive predictive value: 100%. Speci®city:

100%. Negative predictive value: 94%.



positive RAST or skin prick test, is essential as they remain

at risk for clinically signi®cant latex reactions. Formerly,

the routine search for latex allergy was not recommended in

children with spina bi®da, and diagnostic approaches in risk

groups other than spina bi®da did not recommend diagnostic

tests in asymptomatic patients [19]. However, with present

evidence the tests are particularly indicated in asymptomatic

children with spina bi®da, to identify those ones who are

already sensitized.

The prevalence of sensitization to latex in children with

spina bi®da ranges from 18 to 72% [20±26]. Reasons for

this wide range include the different diagnostic techniques,

the different diagnostic criteria, and whether diagnosis

includes asymptomatic or just symptomatic sensitization.

Among the methods used for diagnosis, there have been

surveys [20,27], skin tests [4,22], RAST tests [21,25] or a

combination of these [2,3,6,7,22,24,28±30]. In our case, for

diagnosis and to avoid false positive responses, we origin-

ally chose a strong positive response in any of the tests we

used, skin prick tests or CAP.

We used the combination of these tests as the gold

standard diagnostic criterion to calculate their separate

sensitivity and speci®city. This may seem misleading, but

to date they are the best available methods to detect latex-

speci®c IgE antibodies. In some studies the diagnostic value

of tests has been calculated for latex-symptomatic sensitiza-

tion, using a history of clinical reactions as the gold standard

[27,29±32], and patients with positive tests but with a

negative history are considered false positive. This

carries the risk to label some patients as nonallergic, when

they are in fact sensitized, and might present adverse

reactions to latex in subsequent exposures. To study the

value of diagnostic tests comparing them to a gold standard

makes sense when they are easier, faster, cheaper, or safer.

The clinical use of tests for the diagnosis of latex allergy

seems to be super¯uous if this can be accomplished by the

simple questioning of patients or the inspection of medical

records.

In published studies, including ours, skin tests yield

positive results in nearly all the patients who have previous

symptoms, using antigens of different origins [3,7,22,24±

27,29±33]. RAST tests, from different laboratories, con®rm

the results of the skin tests in most patients who have

symptoms and are considered very speci®c [3,7,21,24±

26,29,32±34]. The presence of clinical reactions to latex

in anamnesis is, by itself, enough to diagnose sensitization

to latex. The indication to perform tests in these sympto-

matic patients would be for investigation or legal purposes.

Moreover, adverse reactions with skin tests have only

appeared in patients with a positive history [23,35,36], while

they have not been described in asymptomatic patients.

We have developed the diagnostic algorithm shown in

Fig. 1. No tests are needed for the clinical diagnosis of latex

sensitization in children with previous reactions to latex, but

tests must be done in spina bi®da children without latex

symptoms. The sensitivity was better for CAP (88%) than

for skin tests (79%), but in the routine study, as the ®rst step,

we recommend skin tests. They are fast, cheap and we have

found them to be safe. We, like other authors [3,27±29],

have not had adverse reactions in children, and those

which have been published happened in patients usually

with some previous symptoms [23,31,35,36], and some-

times with a highly concentrated antigen [35]. Next step

would be the in vitro quanti®cation of speci®c IgE, which is

slower and more expensive, although more sensitive than

the commercial reagent we used in skin tests. Sensitivity of
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Fig. 1. Algorithm for the routine evaluation of sensitization to latex

in children with spina bi®da. When tests are not available, risk

factors may be used for a tentative diagnosis

Table 3 Risk factors for sensitization to latex. Diagnostic values

for the diagnosis of sensitization to latex, and odds ratio with 95%

con®dence interval for each separate factor are shown

Sensitized SEN/SPE Odds ratio

Yes/No PPV/NPV (%) (95% CI)

No. of operations

> 5 19/9 56/86 8

# 5 15/57 68/79 (3±21.3)

Personal history of atopy

Yes 9/2 26/97 11.5

No 25/64 82/72 (2.3±57.1)

Serum total IgE (z units)

$ 2 16/12 47/82 4

< 2 18/54 57/75 (1.6±10)

SEN: sensitivity. PPV: Positive predictive value. SPE: speci®city.

NPV: negative predictive value.



this reagent rated third of four commercial extracts, and

lower than a natural latex extract in a study on adult patients

[32]. By de®nition, speci®city was considered to be 100% in

both tests for our children with spina bi®da, and this ®gure

was supported by testing a control group of atopic and

nonatopic children. Nevertheless, CAP would not be so

reliable when serum total IgE is very high (> 2000 U/mL), as

found in a very atopic patient of the control group. The

differences of sensitivity and speci®city of tests between

other studies and our own are explained by the fact that we

diagnosed sensitization to latex. When applied for the

diagnosis of latex allergy, speci®city has been graded

between 69 and 100% [26,27,29,30,32].

When tests are not available, the presence of risk factors

such as a personal history of atopy, more than ®ve opera-

tions and serum total IgE $ 2 z units is very often associated

with sensitization to latex, so these patients should be

managed as if they were sensitized. The `use test' has

recently been studied in children with spina bi®da, and 54

of 55 positive results appeared in patients in whom sensi-

tization could be demonstrated by skin or CAP tests [29], so

its role remains to be determined.

For sustaining the diagnosis of sensitization to latex we

originally chose strong responses in the tests, 3� in skin

tests and CAP class $ 3. We performed a ROC curve for

these tests and, in view of the gains obtained in sensitivity

with smaller losses in speci®city, we now recommend to

lower the cut-off point for diagnosis to 2� in skin tests and

CAP class $ 2. Furthermore, all the cases thus included in

the sensitized group belonged to the original `inconclusive

group'. Patients in this group were considered to probably

be in the earlier stages of sensitization [13], and we have

recently veri®ed that four out of six patients studied evolved

to the clearly sensitized group (submitted).

The Task Force on allergic reactions to latex [37] recom-

mends a latex-free environment for procedures on all

patients with spina bi®da. This way adverse reactions will

not appear, and it will prevent the development of sensitiza-

tion to latex. Avoidance of latex, the best policy, is encour-

aged, and all efforts should be made to achieve this goal. But

we acknowledge that it is often dif®cult to arrange, and

while the generalized extent of these measures is not

possible, the diagnostic evaluation of these children is

needed. Thus, we recommend diagnostic tests for all chil-

dren with spina bi®da. The use of risk factors for a tentative

diagnosis of sensitization to latex would be restricted to

instances where there is no time for a scheduled study.

Whenever the medical record of a patient is not available, as

in emergency visits, and a latex-free environment is not

arranged, the knowledge of two risk factors (personal

history of atopy and number of operations) would be helpful

for a better evaluation of the risk/bene®t ratio of medical

procedures in these children.
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