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Early recognition of infantile asthma in wheezing infants is a major 
problem for physicians. We investigated whether detection of early 
sensitization to inhalant allergens would be useful to identify those wheezing 
infants who are likely to develop asthma. A total of 67 infants (aged 1-25 
months) hospitalized for a wheezing episode were initially tested for reactivity 
to inhalant allergens by both skin prick test and in vitro measurement of 
specific IgE antibodies (Phadiatop®). Thirty-seven of the infants were already 
considered to have infantile asthma, and 30 presented only their first or 
second wheezing episode when included in the study. All infants were 
followed for a mean period of 18 months. Seventeen (25%) infants, including 
seven infants initially not asthmatic, had positive prick test to 
Dermatophagoides pteronyssinus or to cat fur. All of these children were 
diagnosed as suffering from infantile asthma at the end of the follow-up. 
Thus, skin test positivity to inhalant allergens was significantly associated 
with the diagnosis of infantile asthma (P < 0.05) and could be considered to 
be predictive of the development of infantile asthma (P<0.03). In 
contrast, Phadiatop was less sensitive than skin prick tests, and only five 
children had positive in vitro test results, suggesting that specific IgE may 
primarily bind to tissue mast cells before being detectable in serum. We 
concluded that sensitization to inhalant allergens may distinguish wheezing 
infants who develop asthma from those who do not, and that skin testing 
may assist the early diagnosis of asthma in wheezing infants. 
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Wheezing illnesses in infants account for numerous 
hospitalizations and physician office visits. One of  
the major  problems in managing these wheezing in- 
fants is to distinguish children who will develop 
as thma from those who will not. It is very important  
to recognize as thma as early as possible, not only to 
start adequate treatment and thus limit the morbid- 
ity, but, above all, to prevent mortality and the long- 
term pulmonary  sequelae in adulthood (16). The 
delay in recognizing infantile as thma reflects the dif- 
ficulty of  diagnosis. The major role of  viral infections 
as triggering factors for most of. the wheezing epi- 
sodes in infants increases this confusion (8, 11). The 
possibility of  early diagnosis of  infantile as thma by 
measuring the IgE response to common  inhalant 
allergens has been poorly investigated. Moreover,  
previous work  has not found any causal association 
between inhalant allergens and infantile as thma (19). 

By courtesy of the authors and publishers. 

However,  most  as thma in childhood is associated 
with immediate hypersensitivity, especially to house- 
dust mite (14, 15), and the age at which the first 
episode occurs correlates well with the level of  ex- 
posure to house-dust  mite allergens (17). Therefore, 
we under took this prospect ive study to determine 
whether the detection of early sensitization to inhal- 
ant allergens would be useful in distinguishing 
wheezing infants who develop infantile as thma from 
those who do not. 

Material and methods 
Patients 

Between October  1990 and November  1991, 67 in- 
fants hospitalized in our pediatric depar tment  for 
bronchiolitis were initially tested for reactivity to 
pneumallergens by both skin prick test and in vitro 
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measurement of IgE antibodies. They were then fol- 
lowed prospectively for at least 1 year (mean + SD: 
18.6 + 4.3 months) to assess the recurrence of wheez- 
ing episodes. All children were more than 2 years old 
by the end of the follow-up. The children were con- 
sidered to have infantile asthma if they presented 
three or more separate wheezing episodes before 2 
years of age, regardless of age of onset, evidence of 
atopy, and apparent precipitating cause of the wheeze 
(18). Alternative underlying causes of recurrent 
wheezing were excluded by an appropriate diagnos- 
tic investigation (2). For the purpose of this study, 
infants were classified into three groups according to 
their asthmatic status at the end of follow-up. 

Group A 0l = 13). This group comprised infants who 
presented only their first (n = 11) or second (n = 2) 
wheezing episode at the time of the tests, and who 
did not become asthmatic. None of these infants had 
another wheezing episode during the follow-up 
period. 

Group B (n = 17). This group comprised infants who 
presented only their first (n = 7) or second (n = 10) 
wheezing episode at the time of the tests, and who 
subsequently had recurrent wheezing episodes and 
became asthmatic. 

Group C (n = 37). This group comprised infants al- 
ready considered to be asthmatic at the time of the 
tests. 

Mean age, mean duration of follow-up, and history 
of familial atopy are reported in Table 1. 

Our study design permitted us to answer two 
questions. First, by dividing infants into asthmatic 
(groups B and C) and nonasthmatic (group A), we 
determined whether positivity of skin tests to inhal- 
ant allergens in wheezing infants, whatever their 

number of previous wheezing episodes, was associ- 
ated with the diagnosis of infantile asthma. Second, 
by comparing group A to group B in an entirely 
prospective manner, we determined whether posi- 
tivity of skin prick tests to inhalant allergens in 
wheezing infants who presented only their first or 
second wheezing episode was predictive of the de- 
velGpment of infantile asthma. 

Methods 

Skin prick tests with disposable polymethacrylate 
needles (Stallerpoint ®) were done in the morning 
according to a standard method (3), always by the 
same investigator (D.B.), in the absence of antihis- 
taminic treatment. Standardized cat and Dermato- 
phagoides pteronyssinus extracts (100 index of reac- 
tivity (biologic unit) per ml (10)) were purchased 
from Laboratoire des StallergGnes (Fresnes, France). 
Histamine hydrochloride (1.0 mg/ml) and codeine 
phosphate (9~o) (Laboratoire des Stallergbnes) were 
used as positive controls, and a glycerol solution 
(50%) (Laboratoire des Stallergbnes) as negative 
control. A positive immediate reaction was recorded 
if the mean wheal diameter was > 2 mm larger than 
that of the negative control. 

Total IgE and Phadiatop ® (Pharmacia Diagnos- 
tics, Uppsala, Sweden) were measured by the CAP 
system (Pharmacia Diagnostics). This system has 
been previously described in detail (16). Briefly, the 
immunoassay takes place within the Immunocap. It 
consists of a small capsule filled with a solid phase 
consisting of a cellulose derivative on which either 
antibodies against IgE (for total IgE measurements) 
or a balanced mixture of the most relevant allergens 
(for Phadiatop) are covalently bound. The binding 
capacity is increased by the three-dimensional struc- 
ture of this solid phase. The sensitivity and specifi- 
city of this system are very high (4). Total serum IgE 

Table 1. Specific IgE response to tnhalant allergens in wheezing infants (infants classified into three groups according to number of wheezing episodes before inclusion and final asthmatic 
status) 

No. of wheezing eprsodes Famdlal history Initial age Follow-up 
on inclusion n of atopy (months) (months) Skin tests Phad~atop 

Subsequently no Yes: 4 (31%) 13 Neg (100%) 13 Neg. (100%) 
- -  recurrent wheezing 13 6.0__.6.1 19.6_+4.5 [ (Group A) No: 9 (69%) 0 Pos. (0%) 0 Pos, (0%) 

<3 and 

L Recurrent Yes: 5 (29%) 10 Neg. (59%) 14 Neg (82%) 
wheezing t7 9.6+6.3 20.5+3.7 3 Pos. (18%) 
(Group B) No: 12 (71%) - - 7 Pos, (41%) 

>3 Yes: 14 (38%) 14,3+6.4 17,4+4,3 27 Neg. (73%) 35 Neg (95%) 
(Group C) 37 No: 23 (62%) - - 10 Pos, (27%) 2 Pos. (5%) 

Yes: 23 (34%) 50 Neg (75%) 62 Neg. (93%) 
Total 67 11,5_+7.1 18.6_+4.3 No: 44 (66%) 17 Pos. (25%) 5 Pos, (7%) 
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is expressed in kilounits per liter (kUI/1). Values 
were considered to be elevated if they were 
> 15 kUI/1 under 6 months old, > 20 kUI/1 under 12 
months, or > 30 kUI/l under 24 months. 

Statistical analysis 

Contingency tables were analyzed by the chi-square 
test with the continuity correction method. A value 
of P <  0.05 was considered to be significant. 

Results 
Diagnosis of i~fantile asthma 

By the end of the follow-up, 54/67 infants had pre- 
sented three or more separate episodes of wheezing 
before 2 years of age and were considered to have 
infantile asthma, other causes of recurrent wheezing 
in infancy having been excluded. Fourteen of these 
54 children were followed up to 3 years of age or 
more (mean age: 41.2 + 2.7 months); all continued to 
have recurrent episodes of wheezing, with frequent 
nocturnal attacks and good response to broncho- 
dilators, and could therefore be considered to have 
childhood asthma (2). 

Skin test reactiviO, 

No false positive reactions were observed with nega- 
tive controls. The mean wheal diameter to histamine 
was 1.8 + 1.0 ram. Sixteen of the 67 infants (23.9%) 
had a weak reactivity to histamine (wheal diameter 
less than 2 mm). Thirteen of these 16 patients were 
under 12 months old. The mean wheal diameter to 
codeine was 2.3+ 1.3 ram. Only 10/67 children 
(14.9%) had a wheal diameter to codeine less than 
2 mm. Eight of these 10 patients were under 12 
months old. Seven children were hyporeactive to 
both histamine and codeine. 

Allergenic skin prick tests 

Seventeen of the 67 infants (25.4~o) had positive 
allergenic tests; none of these children belonged to 
group A (Table 1). Thus, skin test positivity to in- 
halant allergens was significantly associated with the 
diagnosis of infantile asthma (P<  0.05). Among the 
30 infants initially not asthmatic (groups A and B), 
seven had positive skin tests and became asthmatic. 
Positivity of allergenic test results was therefore sig- 
nificantly associated with development of infantile 
asthma (P<0.03). Among group B infants, there 
was no difference in skin test positivity between those 
who presented their first wheezing episode and those 
who presented their second one at the time of study 
entry: positive allergenic skin tests were found in 3/7 
infants (43}'0) with first episode and in 4/10 infants 

(40~/o) with second episode. Skin prick tests were 
positive to D. pteronyssinus in 14/17 infants with 
positive tests and to cat fur in five. The mean wheal 
diameter of positive tests was 3.1 + 2.0 mm (range 
2-10). 

h~uence, of age on skin test positivity 

The fact that the mean age for group C was signifi- 
cantly higher than for groups A or B could have 
influenced the prevalence of allergic sensitization 
when the three groups were divided into asthmatic 
and nonasthmatic. However, this influence could be 
ruled out by showing that positivity of allergenic skin 
tests was not related to the age of infants. Ten of the 
17 asthmatic infants with positive skin tests were 
under 12 months old, as compared with 34/50 in- 
fants with negative tests (P = 0.49). The mean age of 
these 17 asthmatic infants was 13.1 + 7.7 months, 
not significantly differing from the mean age of those 
with negative skin tests, 12.7 + 6.2 months (Fig. 1). 
Furthermore, the wheal size of positive tests was not 
significantly related to the age of infants (Fig. 2). 

Total serum IgE antibodies 

The percentage of infants with elevated total serum 
IgE was not significantly different among the three 
groups: total serum IgE was elevated in 3/13 group 
A children (23.1~o), in 7/17 group B children 
(41.2%), and in 15/37 group C children (40.5~o). 
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Fig I. Individual and mean ages in asthmatic infants with post- 
tive or negative skin tests to inhalant allergens. 
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Fig. 2. Relationship between age and size of wheal to inhalant 
allergens in wheezing Infants with positive skin prick test (n = 17). 

Phadiatop 

Five (three in group B and two in group C) of the 
67 children had a positive in vitro test result (Table 1). 
Two of these five children had negative allergenic 
skin tests. 

Discussion 

Skin tests are a valuable tool in the diagnosis of 
immediate-type hypersensitivity. Prick tests can be 
easily done in infants, although the relative hypo- 
reactivity of infant skin must be taken into account 
(10). Nevertheless, there are wide variations in mea- 
surement and interpretation of skin test results. In 
particular, some investigators prefer to record the 
allergen-induced wheal size.in infants as a ratio to 
that induced by positive control solutions (10). How- 
ever, this method of recording depends on the choice 
of the positive control solution, and our results show 
that reactivity to histamine was lower than that to 
codeine phosphate. Moreover, a simple calculation 
shows that our conclusions do not depend on the 
scoring system: considering as positive an allergen- 
induced wheal size >759/0 of that elicited by the 
codeine phosphate solution would have recognized 
13 positive skin tests in our population (four in group 
B and nine in group C); on the other hand, a posi- 
tive cutoff determined as a wheal size > 75~o of that 
elicited by the histamine solution would have recog- 
nized 18 positive skin tests (seven in group B and 11 
in group C), including the 17 recognized as positive 
by our scoring system. Thus, none of the group A 
children had positive skin test results under either 
method of recording. 

Despite recent evidence from a prospective study 
suggesting that high-level exposure to house-dust 
mite allergens within the first 2 years of life may be 

an important determinant of both sensitization to 
and risk of asthma (17), there are still few data avail- 
able for infants on the association between inhalant 
skin test positivity and development of infantile 
asthma. Furthermore, previous work has suggested 
no relationship between sensitization to inhalant 
allergens and development of asthma within the first 
20 'months of life (19). However, the same authors 
reported in another study that 26~  of asthmatic 
infants less than 2 years of age had positive skin test 
results to D. pteronyssinus (20). In our study, the rate 
of positive skin tests in asthmatic infants (groups B 
and C) was 26~  to D. pteronyssinus and 9 ~  to cat 
fur, and our results increase the evidence that sen- 
sitization to inhalant allergens is significantly asso- 
ciated with asthma in infants. Moreover, the sensi- 
tization preceded the diagnosis of asthma in seven 
wheezing infants and could therefore be considered 
to be a significant predictive factor of development 
of infantile asthma in these wheezing infants. If we 
take together the results of both allergenic skin tests 
and Phadiatop, the sensitization to inhalant aller- 
gens could be detected in 19 of the asthmatic infants 
(35.2 ~o). Therefore, our data suggest that immediate 
hypersensitivity may be a factor causing lung inflam- 
mation and recurrent wheezing in infants, even if 
most wheezing episodes under the age of 2 years are 
probably due to viral infections (8). 

There are a large number of mechanisms and risk 
factors underlying the likelihood of recurrent wheeze 
in infancy (7). In particular, the level of responsive- 
ness to histamine in normal infants was found to be 
related to the.presence or absence of a family history 
of asthma, suggesting that the initial level of airway 
responsiveness may be genetically determined (21). 
The level of airway responsiveness in early infancy 
may be further enhanced by parental smoking (21). 
However, the relation of this initial level of airway 
responsiveness to respiratory problems is still under 
debate, and a recent study has shown that bronchial 
responsiveness to histamine is independent of lower 
respiratory tract symptoms including wheezing (5). 
The role of inhaled allergens in the pathogenesis of 
wheezing in infants is also controversial. Although 
allergy is known to play a major role in the patho- 
genesis of childhood asthma (13), its role in infan- 
tile wheezing is often considered to be unimportant 
(12, 13), and skin testing is not considered to be a 
routine diagnostic procedure in wheezing infants 
(12). However, in contrast to previous conclusions 
(22), our findings imply that skin test reactivity to 
inhaled allergens is clinically relevant and that ac- 
quisition of inhalant sensitivity during infancy may 
predate the development of asthma not only later in 
childhood, but also as early as in the first 2 years of 
life. 

Once the specificity and clinical correlation of 
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,mmediate skin testing to inhalant allergens in in- 
fancy have been established, several major clinical 
applications arise. First, skin testing may be rou- 
tinely used for wheezing infants. Positive allergenic 
skin tests may constitute a strong argument in con- 
sideration of diagnosis of asthma. Second, the thera- 
peutic significance of early identification of asthma 
in wheezing infants relates to both avoidance of the 
relevant allergens and the use of anti-inflammatory 
drugs. Third, taken with the evidence that wheezing 
episodes are favored by atopy (1, 9), our results 
showing that sensitization to inhalant allergens is 
as sociated with the development of asthma in wheez- 
ing infants suggest that the reduction of mite expo- 
sure and other predisposing environmental factors 
(1) should be proposed before the first wheezing 
episode in at-risk infants for prevention of the de- 
velopment of asthma. 

Finally, skin testing appears to be much more 
sensitive than Phadiatop in infants. Indeed, only five 
infants had positive Phadiatop results. A previous 
study performed with older children and adults 
found an excellent correlation between CAP and 
skin tests (4). However, very few data are available 
on the correlation between skin tests and RAST 
for sensitization to inhalant allergens in infants. 
Foucard found a weak correlation between these 
two tests for infants under 36 months: skin tests to 
various inhalant allergens were positive in 37~o of 
wheezing infants, while only 18~o of RAST tests 
were positive (6). This higher sensitivity of skin tests 
for infants suggests that specific IgE may primarily 
bind to tissue mast cells before being identifiable in 
serum. 

In conclusion, our study shows that sensitization 
to inhalant allergens not only is associated with the 
diagnosis of asthma in infants, but also is predictive 
of development of asthma in wheezing infants. Skin 
test positivity may be present from the first wheez- 
ing episode, suggesting a pathogenic role of imme- 
diate hypersensitivity in the development of infantile 
asthma. 

References  

1. ARSHAD SH, HIDE DW. Effect of environmental factors on 
the development of allergic disorders m infancy. J Allergy 
Clin Immunol 1992: 90:235-41 

2. ASTHMA; A FOLLOW-UP STATEMENT FROM AN INTERNA- 
TIONAL PAEDIATRIC ASTHMA CONSENSUS GROUP. Arch Dis 
Child 1992: 67:240-8  

3. BERNSTEIN IL. Proceedings of the task force on guidelines 
for standardizing old and new technologies used for the diag- 

Inhalant allergens and infantile asthma 

nosis and treatment of allergic diseases. J Allergy Clin Im- 
munol 1988: 82" 487-526. 

4 BOUSQUET J, CHANEZ P, CHANAL I, MICHEL FB. Com- 
parison between RAST and Pharmacia CAP system: a new 
automated specific IgE assay. J Allergy Clin Immunol 1990: 
85: 1039-43. 

5. CLARKE JR, REESE A, SILVERMAN M. Bronchial respon- 
siveness and lung function in infants with lower respiratory 
tract illness over the first six months of life. Arch Dis Child 
1992:'67 1454-8. 

6. FOUCARD T. A follow-up study of children with asthmatoid 
bronchitis. Acta Paediatr Scand 1973: 62" 633-44. 

7. HELMS PJ. Wheezmg infants. Clin Exp Allergy 1994 24: 
97-9. 

8. HENDERSON FW, C'LYDE w m ,  COLLIER AM, et al. The 
etiologic and epidemiologlc spectrum of bronchiolitis in pe- 
diatric practice. J Pedmtr 1979: 95: 183-90. 

9. LAING I, RIEDEL F, YAP PL, SIMPSON H. Atopy predls- 
posmg to acute bronchiolitis during an epidemic of respira- 
tory syncytial virus. BMJ 198.2: 284: 1070-2. 

10. MENARDO JL, BOUSQUET J, RODI~RE M, ASTRUC J, 
MICHEL FB. Skin test reactivity in infancy. J Allergy Clin 
Immunol 1985: 75. 646-51. 

11. MENARDO JL, TRIGUI F, PAILLARGUELO C. BASCOUL G. 
The prevention of asthma. In: GODDARD P, BOUSQUET J, 
MICHEL FB, eds Advances in allergology and clinical im- 
munology. Park Ridge, NJ: Parthenon, 1992: 633-47. 

12. MOK J, LEVlSON H. The wheezing infant. In: TINKELMAN 
DG,  FALLIERS C J, NASPITZ CK, eds. Chddhood asthma 
Pathophyslology and treatment. New York. Marcel Dekker, 
1987" 159-81. 

13. MORGAN WJ, MARTINEZ FD. Risk factors for developing 
wheezing and asthma in childhood. Pedlatr Chn North Am 
1992: 39: 1185-1203. 

14. PLATTS-MIELS TAE, DE WECK AL. Dust  mite allergens and 
asthma - a worldwide problem. J Allergy Chn Immunol 1989: 
83. 416-27. 

15 PLATTS-MILLS TAE, THOMAS WR,  AALBERSE RC, 
VERVLOET D, CHAPMAN MD. Dust  mite allergens and 
asthma report of a second international workshop. J Allergy 
Chn Immunol 1992. 89 1046-60. 

16. SKONER D, CALIGUIRI t .  The wheezing infant. Pedlatr Chn 
North Am 1988: 35: 1011-30. 

17 SPOR1K R, HOLGATE ST, PLATTS-MILLS TAE, COGSWELL 
JJ. Exposure to house-dust mlte allergen (Der p I) and the 
development of asthma in chddhood. A prospective study. N 
Engl J Med 1990" 323: 502-7. 

18. TABACHNIK E, LEVISON n .  Infantile bronchial asthma. J 
Allergy Chn Immunol 1981 67: 339-47. 

19. VAN ASPEREN PP, KEMP AS, MELLIS CM. Skin test reac- 
tivity and chmcal allergen sensitivity in infancy. J Allergy Clin 
Immunol 1984 73: 381-6. 

20. VAN ASPEREN PP, MELLIS CM, SOUTH RT,  SIMPSON SJ. 
Allergen skin prick testing m asthmatic children. Med J Aust 
1980 2. 266-8. 

21. YOUNG S, LE SOUEF PN, GEELHOED GC, STICK SM, 
TURNER K J, LANDAU LI. The influence of a family history 
of asthma and parental smoking on airway responsiveness in 
early Infancy. N Engl J Med 1991: 324: 1168-73. 

22 ZEIGER RS. Atopy in infancy and early childhood: natural 
history and role of skin testing. J Allergy Chn Immunol 1985: 
75: 633-9. 

Rev fr. Allergol.. 1995, 35, 4. 

847 

385 



ALLERGY 
Subscription 
Allergy is published in I volume of 12 issues appearing monthly. Sub- 
scription price 1995: DKK 2240.00 including postage. U SA, Canada, and 
Japan: USD 368.00, including airspeed delivery. 
Important - for subscriptions delivered to addresses within the European 
Union. If you have a VAT registration number, you must provide this. 
Otherwise, please add your local VAT on journals to the above price in 
DKK: Austria 10~o, Belgium 6 ~ ,  Denmark 25~,  France 2.1~o, Ger- 
many 7~o, Greece 4~o, Ireland 21~o, Italy 4}'0, Luxembourg 3~o, The 
Netherlands 6~o, Portugal 5~ ,  Spain 3~/o, Sweden 25~o, UK 0~o. Prices 
are payable in advance and subject to exchange-rate fluctuations. 
Subscription orders may be placed with: 
Head office: or 
MUNKSGAARD 
International Publishers Ltd. 
35 Norre Sogade 
P.O. Box 2148 
DK-1016 Copenhagen K 
Denmark 
Tel: +45 33 127030 
Fax: + 45 33 129387 

Regional office in USA: 
MUNKSGAARD 
International Publishers Ltd. 
238 Main Street 
Cambridge, MA 02142-9740 
USA 
Tel: + 1 (617) 547 7665 
Fax: + 1 (617) 547 7489 
or with any subscription agent. 

mmm 

386 Rev. fr. Allergol., 1995, 35, 4. 


