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Background: Allergic asthma is a common childhood disease. 
Although T-lymphocyte activation plays a critical role in aller- 
gic asthma, the environmental factors promoting lymphocyte 
activation in children are not well defined. 
Objective: In a cohort of children at risk for asthma (n = 114), 
we determined whether the levels of cockroach (Bla g I or 2), 
house dust mite (Der f 1), and cat allergen (Fel d 1) in the 
home during infancy was associated with subsequent allergen- 
specific lymphocyte proliferation in later life. 
Methods: Dust samples from multiple sites in the home were 
collected at 3 months of age and were measured for allergen 
levels. Serial questionnaires were applied. At a median age of 2 
years, PBMCs were isolated and lymphocyte proliferation to 
the home allergens and PHA was determined. 
Results: Increased lymphocyte proliferative responses to Bla g 
2 were associated with higher home levels o f  Bla g 1 or 2 (P for 
trend with kitchen Bin g levels = .011), in analyses adjusting 
for cold in the past week. Proliferative responses to Der f 1 
were higher in homes with family room levels of Der f I _>10 
~tg/g dust than in homes with Der f 1 <2 ~tg/g, but differences 
were not significant in analyses adjusting for cold (P = .15). 
Repeated wheeze in the first 2 years of life was associated with 
increased allergen-specific and PHA proliferative responses. 
Conclusion: Early-llfe cockroach allergen exposure at 3 
months of age predicts allergenlspecific lymphocyte prolifera- 
tive responses at a median of 2 years of age. 
(J Allergy Clin Immunol 2000;105:933-42.) 
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In the past 40 years asthma has become the most 
prevalent chronic disease of childhood in developed 
countries. 1,2 Recent studies suggest that most asthmatic 
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Cyt C: Pigeon cytochrome C 

LRI: Lower respiratory tract infection 
OVA: Chicken ovalbumin 

SI: Stimulation index 
URI: Upper respiratory tract infection 

patients are diagnosed by the age of 6 years, with symp- 
toms first occurring during infancy and early child- 
hood. 3,4 Allergy is known to play a significant role in 
childhood asthma in Western countries. Little is known 
about the cellular mechanisms promoting the develop- 
ment of the allergic phenotype. T lymphocytes are criti- 
cal for the initiation and maintenance of the allergic and 
asthmatic inflammatory response. 5 Induction of T-lym- 
phocyte activation leads to a cascade of responses, 
including cytokine and IgE production, and inflamma- 
tion. The T-lymphocyte activation that leads to the asth- 
matic phenotype likely occurs in early childhood under 
the influence of a myriad of factors. Understanding the 
mechanisms that promote childhood asthma may help to 
identify individuals at risk for development of asthma 
and lead to the development of novel strategies to prevent 
this disorder. 

Early expression of the asthmatic phenotype repre- 
sents contributions from a variety of genetic, develop- 
mental, immunologic, and environmental factors. 5 T- 
lymphocyte function itself is strongly influenced by 
genetic factors. 6 The asthmatic phenotype, as related to 
T-lymphocyte activation, is modulated by environmental 
factors, including viral infection, industrial air pollutants, 
maternal smoking, breast-feeding, and early allergen 
exposure), 7-9 Although asthma symptoms in allergic 
adults are worsened with exposure to inhaled aller- 
gens,l°, 11 the role of inhaled allergens in developing 
asthma is poorly understood. More than 80% of child- 
hood asthmatics exhibit allergies to one or more aller- 
gens. 3 Prospective studies of early allergen exposure and 
subsequent allergic responses of children have been pri- 
marily limited to the analysis of house dust mite aller- 
gens. 12-15 An examination of other allergens found a cor- 
relation between home levels of cockroach allergen and 
repeated wheeze in a population of 1-year-old children 
with a family history of asthma or atopy. I6 
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FIG 1. Lymphocyte proliferative response after stimulation with antigens Bla g 2, Der f 1, Fel d 1, OVA, Cyt 
C, and PHA. PBMCs were obtained from blood samples collected between the ages of 18 and 32 months (n 
= 114). Cells were obtained by FicolI-Hypaque separation and were cultured in the presence or absence of 
Bla g 2, Der f 1, Fel d 1, OVA, Cyt C, and PHA for 80 hours. Proliferation was measured by calculating the SI 
representing the ratio of the mean tritiated thymidine uptake of allergen-stimulated to unstimulated media 
alone cells. An SI >3 is a positive response. The median values are shown (Btag 2: 4.22; Der f 1: 3.15; Fel d 
1 : 2/40; OVA: 1.01 ; Cyt C: 1.12; PHA: 153). The response to PHA was indexed into a high and low group about 
the median SI = 153. 

Our study investigates potential cellular mechanisms 
linking environmental factors and T-lymphocyte activa- 
tion. We examine the impact of early aeroallergen expo- 
sure, namely, levels of cockroach (Bla g 1 or 2), house 
dust mite (Der f 1), and cat (Fel d 1) on lymphocyte pro- 
liferation in a cohort of children at risk for allergic asth- 
ma. We postulate that aeroallergen exposure effects the 
development of later immune responses. 

M E T H O D S  
Descript ion of cohort  

Participants in this longitudinal study were selected as previous- 
ly described. 17 In brief, families with a parental history of asthma or 
allergy were enrolled in a birth cohort study designed to examine the 
effects of allergen exposure in early life on the development of asth- 
ma. Mothers in the greater Boston metropolitan area delivered at a 
large Boston hospital were screened with the following questions: 
(1) Have you ever had asthma, hay fever, or allergies? and (2) Has 

the biologic father of your child ever had asthma, hay fever, or aller- 
gies? Mothers responding "yes" were asked to complete a screening 
questionnaire. One month after birth, the mothers were contacted by 
phone and asked to respond to a second questionnaire. Families were 
not approached if the index child was premature, had a major con- 
genital anomaly, or was in the neonatal intensive care unit or if the 
mother was less than 18 years old or could not speak English or 
Spanish. Those children who met the inclusion criteria and whose 
mothers expressed an interest were accepted into the study. Of the 
1405 mothers initially screened from September 1994 to June 1996, 
505 children were enrolled in the study. Reasons for exclusion were 
plans to move within the next year (39% of those screened), reluc- 
tance to participate (45%), lost to follow-up (15%), and other (2%). 

Every 2 months an additional telephone questionnaire was 
administered to the primary care provider. In this questionnaire, 
information was obtained regarding changes of the physical condi- 
tion of the child and various home characteristics. 

This study was approved by the Brigham and Women's Hospital 
Human Research Committee. Informed consent was obtained from 
the parents for blood collection and longitudinal follow-up. 
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TABLE I. Home allergen levels as univariate predictors of allergen-specific lymphocyte response 

Allergen-specific lymphocyte proliferation >3* 

No. % Relative risk 95% Confidence limits P for trend 

Home Bla g 1 or 2 levels (U/g) 
Kitchen* 

Low (<0.05) = 0 56 64 1.00 
Medium (0.05 to <2) 45 67 1.23~ "~ 
High (_>2) t 1 100 1.561 t .013z~ 

Family room 
Low (<0.05) = 0 77 70 1.00 
Medium (0.05 to <2) 25 84 1.20t "~ 
High (_>2) 4 100 1.43~ t .079 

Home maximum 
Low (<0.05) = 0 43 63 1.00 
Medium (0.05 to <2) 54 78 1.24 0.94-1.62 
High (_>2) 16 88 1.39~ 1.04-1.87 .036:~ 

Home Der f 1 levels (p.g/g) 
Family room 

Low (<2) = 0 63 49 1.00 
Medium (2 to <10) 26 62 1.25 0.84-1.85 
High (_>10) 22 68 1.39 0.95-2.03 .096 

Home maximum 
Low (<2) = 0 45 58 1.00 
Medium (2 to <10) 24 42 0.72 0.42-1.23 
High (_>10) 45 62 1.08 0.77-1.51 .671 

Home Fel d 1 levels (gg/g) 
Family room 

Low (<1) = 0 40 38 1.00 
Medium (1 to <8) 32 47 1.25 0.73-2.15 
High (_>8) 37 35 0.94 0.52-1.70 .849 

Home maximum 
Low (<1) = 0 37 41 1.00 
Medium (1 to <8) 38 42 1.04 0.61-1.78 
High (_>8) 40 35 0.86 0.49-1.53 .612 

Unless otherwise stated, variables are categorical, with category of comparison labeled as 0. 
*Lymphocyte proliferative response to stimulation with Bla g 2, Der f 1, or Fel d 1. 
?The category was found to be an ideal predictor and unable to produce statistical univariate values for P or 95% confidence intervals. Relative risks were cal- 
culated in comparison to the reference group according to the following formula: Relative risk = (Population percent of children with SI >3)indexe a eategory/(Pop- 
ulation percent of children with SI >3)reference group, 
:~P < .050. 

Home visit 
When the child was approximately 3 months old, a home visit 

was made, and dust samples were collected and examined for the 
presence of several allergens, as previously described. 18 In brief, 
dust samples were collected by vacuuming with a modified Eureka 
Mighty-Mite in a standardized fashion for each individual at 4 sites 
in the home: the floor around the baby's bed, the baby's bed, the 
family room, and the kitchen. If a rug was present in any area, half 
the time of collection was spent sampling the rug. 

After vacuuming, the dust was immediately placed into an air- 
tight bag, weighed, and sifted through a 425-1xm mesh sieve. A por- 
tion of the sample was extracted (1:10 [wt/vol] in 0.1 mol/L ammo- 
nium bicarbonate buffer) and assayed for allergens including house 
dust mite (Der f 1), cockroach (Bla g 1 or 2), and cat (Fel d 1). Pri- 
oritization of allergen quantification was based on the estimated 
prevalence of allergen in a given room location. For limited samples 
taken at the baby's floor, baby's bed, family room, and parents' bed, 
house Der f 1 was quantified first, followed by Fel d 1 and then Bla 
g 1 or 2. For limited samples obtained in the kitchen, Bla g 1 or 2 
were quantified first, followed by Fel d 1 and Der f 1. Quantifica- 
tion of allergen was performed by 2-site monoclonal and polyclon- 
al antibody immunoassays as previously described. 19-22 Allergen 

concentrations were reported as micrograms of allergen per gram of 
dust except for Bla g 1 or 2, which were reported as units per gram 
of dust. In addition to the levels measured at the 4 previously 
described locations, a home-maximum value of Bla g 1, Bla g 2, 
Der f 1, and Fel d 1 was determined for each child. This variable 
represents the highest allergen level obtained in the 4 locations. 

Lymphocyte proliferative responses 
On the basis of measured home allergen levels, values in the 

highest or lowest quartiles for any one of the 3 allergens, children 
were screened for a further questions and peripheral blood analysis. 
From the 505 children, 114 were selected on the basis of home 
allergen levels. At 2 years of age (range 18 to 32 months) during 
routine lead-level testing, additional blood was drawn for allergen- 
specific lymphocyte proliferation. At the time of the blood draw, a 
questionnaire was administered to determine the presence of an 
upper respiratory infection (URI) within the previous week.  

With use of Ficoll-Hypaque centrifugation, PBMCs were isolat- 
ed as previously described. 23 PBMCs were immediately processed 
and not cryopreserved. Cells were separated into 5 x 105 cell aliquots 
and incubated in quadruplicate in a 96-well microtiter plate with 100 
I.tL of media alone, media with PHA (10 gg/mL), or with the fol- 
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TABLE II, Univariate predictors of increased lymphocyte proli ferative responses at 2 years of age: sex, history of LRI, 
age, race, and wheeze history 

Allergen-specific proliferative response 

Bla g 2 Der f 1 

Relative Statistical Relative Statistical 
No. Sl >3 (%) risk significance No. SI >3 (%) risk significance 

Sex 

Male  = 0 70 71 1.000 

FemNe 43 77 1.074 P = .525 

Has your  chi ld had  an LRI  before?  

No  = 0 63 69 1.000 

Yes 45 80 1.157 P = .184 

A g e  ~ t ime of  first b lood  d raw 

<26 mo = 0 69 75 1.000 

~ 2 6 m o  44 70 0.935 P = .573 

Race  

W h i ~ =  0 83 71 1.000 

B lack  a n d H i s p a n i c  21 71 - -  - -  

As ian  and  other  9 100 t t 

Has  your  chi ld ever wheezed?  

No = 0 59 68 1.000 

Yes 54 80 1.175 P = .155 

Has  your  chi ld ever had  repeated wheeze?  

No = 0 80 70  1.000 

Yes 33 82 1.169 P = .156 

70 53 1.000 

44 61 1.161 P = .364 

69 52 1.000 

45 62 1.193 P = .282 

70 49 1.000 

44  68 1 .404" P = .035 

84 60 1.000 

21 43 0 .720 P = .220 

9 56 0.933 P = .825 

59 49 1.000 

55 64 1.295 P = .122 

81 51 1.000 

33 71 1 .377" P = .044 

Unless otherwise stated, variables are categorical, with category of comparison labeled as 0. 
*P < .050. 
#The category was found to be an ideal predictor and unable to produce statistical results. 
:~P < .075. 

TABLE III. Upper respiratory i l lness/symptoms in the week prior to blood draw as a predictor of lymphocyte 
proli ferative responses 

No. 

Allergen-specific proliferative response 

Bla g 2 Der f 1 

Relative Statistical Relative Statistical 
SI >3 (%) risk significance No. SI >3 (%) risk significance 

Did your  chi ld have a cold in the pas t  week?  

No = 0 84 80 1.000 

Yes 26 54 0.675* P = .038 

Did you r  chi ld have a c o u g h  i n t h e  pas t  week?  

No = 0 85 77 1.000 

Yes 27 63 0.823 P = .223 

Did your  child have a cough  or  c o l e i n t h e  

pas t  week?  

No = 0 78 80 1.000 

Yes 35 60 0 . 7 5 5 t  P = .060 

Did your  chi ld have a f e v e r i n t h e  pas t  week?  

No = 0 98 76 1.000 

Yes 14 57 0.757 P = .243 

Did  your  child have a r tmny nose  i n t h e  pas t  

week?  

No = 0 66 74 1.000 

Yes 47 72 0 .974 P = .823 

85 62 1.000 

26 39 1 .617t  P = .065 

86 63 1.000 

27 37 0.590* P = .046 

79 62 1.000 

35 43 0.691 P = .084 

99 57 1.000 

14 57 1.010 P = .967 

66 64 1.000 

48 46 0 .7209 P = .072 

Unless otherwise stated, variables are categorical, with category of comparison labeled as 0. 
*P < .050. 
t P  < .075. 
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Allergen-specific proliferative response 

Fel d 1 PHA proliferative response 

Relative Statistical Relative Statistical 
No, SI >3 (%) risk significance No. SI >3 (%) r i s k  significance 

71 41 1.000 71 53 1.000 

44 37 0 .890 P = .636 44 58 1.092 P = .645 

69 41 1.000 69 45 1.000 

46 37 0.911 P = .699 46 57 1.258 P = .216 

71 39 1.000 71 42 1.000 

44 39 0 .980 P = .932 44 61 1 .452" P = .042 

85 42 1.000 85 48 1.000 

21 23 0 .562 P = .161 21 43 0.941 P = .811 

9 44  1.049 P = .903 9 44 0 .879 P = .739 

59 36 1.000 59 41 1.000 

56 43 1.204 P = .426 56 59 1.449~ P = .055 

82 35 1.000 82 43 1.000 

33 48 1.371 P = .177 33 67 1.562" P = .012 

Allergen-specific proliferative response 

Fel d 1 PHA proliferative response 

Relative Statistical Relative Statistical 
No. Sl >3 (%) risk significance No. SI >3 (%) r i s k  significance 

86 44  1.000 86 53 1.000 

26 23 0 .522 P = .086 26 42 0.791 P = .34 

87 44 1.000 87 48 1.000 

27 26 0 .594 P = .0133 27 56 1.151 P = .49 

80 44 1.000 80 51 1.000 

35 29 0.653 P = .150 35 46 0 .892 P = .59 

100 40  1.000 100 51 1.000 

14 36 0 .893 P = .765 14 43 0 .840 P = .59 

67 42 1.000 67 55 1.000 

48 35 0 .847 P = .495 48 42 0.755 P = .16 
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lowing antigens: Der f 1 (30 gg/mL), Bla g 2 (30 gg/mL), Fel d 1 
(1000 U/mL), chicken ovalbumin (OVA) (30 gg/mL), and pigeon 
cytochrome C (Cyt C) (30 gg/mL). Optimal concentrations of the 
allergens had been determined in a dose-response analysis (data not 
shown). After 72 hours, 1 gCi tritiated thymidine was added to each 
well. After incubation for .an additional 8 hours, the cells were har- 
vested and tritiated thymidine uptake was determined by ~-counting. 
Proliferation was quantified by calculating the stimulation index (SI) 
for each antigen with the following formula: SI = (Mean value of tri- 
tiated thymidine uptake for stimulated samples)/(Mean value tritiat- 
ed thymidine uptake for unstimulated samples). 

Definition of predictor variables 
As in previous analyses, allergen levels were categorized as 

binary indices at which associations between exposure and sensiti- 
zation or development of allergy-related repeated wheeze have been 
determined. 12,13,1524,25 Levels in the various house locations and 
home maximum allergen values were assessed as predictors of 
allergen-specific proliferative response. Der f 1 levels were catego- 
rized into the following indices: nigh (>10 gg/g dust), medium (2 to 
<10 gg/g), low (<2 gg/g), no dust. Because of limited amounts of 
dust collected in the various locations and the priorities of allergen 
measurements as described above, the variable Bla g 1 or 2 was cre- 
ated to represent the maximum level of the species Bla g 1 or 2 mea- 
sured at each location. Bla g 1 or 2 levels were categorized into the 
following indices: high (>2 U/g), medium (0.05 to <2 U/g), low 
(<0.05 U/g), no dust. Fel d 1 levels were categorized into the fol- 
lowing indices: high (>8 gg/g), medium (1 to <8 gg/g), low (<1 
gg/g), no dust. Values that were found to be above the upper levels 
of detection for the assay were indexed as high. Values that were 
found to be below the levels of detection were indexed as low. 

For each child, the presence of a URI within the week before 
blood draw was determined according to a parental questionnaire. 
Lower respiratory illness (LRI) was defined as physician-diagnosed 
croup, bronchitis, bronchiolitis, or pneumonia. 26 Presence of wheeze 
was determined by parental reporting. Episodes of wheeze were 
monitored every 2 months during the administered phone question- 
naire as described above. Repeated wheeze was defined as 2 or more 
reports of wheeze up to the time of the blood draw. The race/ethnic- 
ity of the child was defined according to parental reporting. If both 
parents were white, the child was classified as being white. If either 
parent was black, the child was classified being as black. If no par- 
ent was black but at least one parent was Hispanic, the child was 
classified as being Hispanic. If no parent was black or Hispanic but 
at least one parent was Asian, the child was classified as being Asian. 
The age of the child was determined at the time of blood draw. 

Definition of outcome variable 
The lymphocyte proliferative response was measured by calcu- 

lating the SI as described above. Each sample was assayed in qua- 
druplicate and a mean value was calculated. The SI response was 
indexed into binary variables of high and low responses. Allergen- 
specific proliferative responses with an SI >3 were categorized as 
positive responses. 

Statistical methods 
Univariate and multivariate associations between predictor vari- 

ables and allergen-specific proliferative response were made with use 
of SAS statistical software (SAS Institute, Cary, NC). Univariate asso- 
ciations between indexed predictor variables and indexed proliferative 
responses were modeled with (N x 2) contingency tables then calcu- 
lated for relative risk with the logit method. Multivariate associations 
were modeled with use of the logit method. Log relative risk values 
were determined directly with the use of SAS PROC GENMOD (SAS 
Institute, 1997), with log link and binomial variance function. 

RESULTS 
Increased lymphocyte proliferation in the 
presence of Der f 1, Bla g 2, and Fel d 1 

To determine the immune response of lymphocytes to 
allergens assayed in the house, we determined the aller- 
gen-specific proliferative response of PBMCs stimulated 
with documented home allergens. The proliferative 
response of PBMCs isolated from each child was deter- 
mined after stimulation with the following antigens: Bla 
g 2, Der f 1, Fel d 1, OVA, Cyt C, and PHA. The distrib- 
utions of the SI responses were found to be single tailed 
in their distribution (Fig 1). Lymphocytes from all chil- 
dren proliferated to the nonspecific mitogen PHA (medi- 
an 153) but not to the antigens OVA or Cyt C (median 
1.01 and 1.12, respectively). OVA and Cyt C, as food and 
irrelevant antigens, respectively, would not be expected 
to be present in the home as aeroallergens. In contrast, 
the previously documented aeroallergens elicited a range 
of proliferative responses with SI median values as fol- 
lows: Bla g 2 = 4.22, Der f 1 = 3.15, and Fel d 1 = 2.40. 
The separation of the PHA-induced proliferative 
response was indexed into high and low proliferative 
response groups solely on the basis of the median value 
of the SI distribution. 

Univariate analysis 

Home allergen levels as predictors of allergen-specif- 
ic proliferative response. Increased Bla g 2-specific lym- 
phocyte proliferative responses were associated with 
higher levels of kitchen or home maximum Bla g 1 or 2 
(P for trend = .013 and .036, respectively) (Table I). A 
suggestive association between allergen levels and an 
increase in allergen-specific proliferation was observed 
with both Bla g 1 or 2 and Der f 1 in the family room (P 
for trend -- .079 and .096, respectively). Lymphocyte pro- 
liferative responses to Der f 1 were higher in homes with 
family room Der f 1 levels _>10 gg/g than in homes with 
family room Der f 1 levels <2 gg/g (relative risk 1.39, 
95% confidence limits 0.95-2.03). No association was 
seen with levels of Fel d 1 and the respective Fel d 1-spe- 
cific proliferative response. Thus early life levels of Bla 
g 1 or 2 and Der f 1 in the kitchen and family room, 
respectively, predicted allergen-specific lymphocyte 
responses at a later time point. 

Predictors potentially confounding the allergen-spe- 
cific lymphocyte response. The following variables were 
analyzed as being univariate predictors of altered aller- 
gen-specific proliferative responses: age at the time of 
blood draw, race, sex, history of LRI, and repeated 
wheeze in the first 2 years of life (Table II). Sex, LRI, and 
race did not predict allergen-specific lymphocyte prolif- 
erative responses. Compared with children aged <26 
months, children _>26 months old had an increased pro- 
liferative response to Der f 1 and to PHA but not to Bla 
g 2 or Fel d 1. Athough associations were not always sta- 
tistically significant, repeated wheeze tended to be asso- 
ciated with a PHA response of SI >153 and with aller- 
gen-specific responses of SI >3. 
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TABLE IV. Mul t ivar ia te models  of al lergen levels in several locat ions in the home as a predictor  of al lergen-specif ic 

l ymphocy te  prol i ferat ive responses adjusted for the presence of a cold in the pr ior  week  

Allergen-specific lymphocyte proliferation SI >3* 

Relative risk P value P for trend 

Home Bla g 1 or 2 levels 
Model 1: kitchen 

Low (<0.05 U/g) = 0 1.00 
Medium (0.05 to <2 U/g) 1.16 .239 
High (->2 U/g) 999? t .0115 
Cold in the past week? 

No = 0 1.00 
Yes 0.72 .099 

Model 2: family room 
Low (<0.05 U/g) = 0 1.00 
Medium (0.05 to <2 U/g) 1.07 .618 
High (>2 U/g) 999? t .156 
Cold in the past week? 

No = 0 1.00 
Yes 0.70 .083 

Model 3: home maximum 
Low (<0.05 U/g) = 0 1.00 
Medium (0.05 to <2 U/g) 1.16 .267 
High (>2 U/g) 1.31 .052§ .049~: 
Cold in the past week? 

No = 0 1.00 
Yes 0.71 .072§ 

Home Der f 1 levels 
Model 4: family room 

Low (<2 p~g/g) = 0 1.00 
Medium (2 to <10 gg/g) 1.21 .343 
High (>10 gg/g) 1.31 .149 .168 
Cold in the past week? 

No = 0 1.00 
Yes 0.59 .064§ 

Model 5: home maximum 
Low (<2 gg/g) = 0 1.00 
Medium (2 to <10 gg/g) 0.72 .202 
High (>10 lig/g) 0.97 .863 .966 
Cold in the past week? 

No = 0 1.00 
Yes 0.62 .064§ 

Unless otherwise stated, variables are categorical, with category of comparison labeled as 0. 
*Lymphocyte proliferative response to stimulation with Bla g 2, Der f 1, or Fel d 1. 
tThe category was found to be an ideal predictor unable to calculate P values and resulted in infinite relative risks. 
~P < .050. 
§P < .075. 

The presence of  a cold as a predictor of  allergen-spe- 
cific lymphocyte proliferative responses. With use of  the 
cold  ques t ionna i r e  adm i n i s t e r ed  at the  t ime  of  b lood  
draw, parenta l  repor ted responses  sugges t ing  the pres-  
ence of  a URI  were analyzed as a univariate predictor  of  
changes  in al lergen-specific lymphocyte  response  (Table 
III). The  presence  of  a cold in the week  before  b lood  
draw was assoc ia ted  wi th  a r educed  a l le rgen-spec i f ic  
lymphocyte  response  of  SI <3 to Bla  g 2, Der  f 1, and Fel 
d 1 (P  = .038, .065, and .086, respectively) .  A l though  
associat ions were not  as strong, cough in the week  before 
b lood draw also predicted SI <3 for the al lergen-specific 
proliferative responses  to Der  f 1, Bla  g 2, and Fel  d 1. 

M u l t i v a r i a t e  a n a l y s e s  

Allergen levels in the home as predictors of  allergen- 
specific proliferation in multivariate models adjusting for 
the presence of a cold. Multivariate models  adjusting for 
cold in the week  before blood collection were also used to 
test associations be tween allergen levels measured when  
children were 3 months  old and lymphocyte  proliferative 
responses  at a median  age of  2 years. Increased Bla  g 
2-specif ic  lymphocyte  proliferative responses were asso- 
ciated with h igher  levels of  ki tchen or home  m a x i m u m  
Bla  g 1 or 2 (P for trend = .011 and .049, respectively) 
(Table IV). Compared  wi th  chi ldren  f rom homes  wi th  
family room levels of  Der  f 1 <2 gg/g, more chi ldren with 
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Der f 1 family room levels ->10 gg/g had a Der f 1 lym- 
phocyte proliferative response of SI >3. However, 
responses did not differ significantly (relative risk 1.31, P 
= .15) in models adjusting for cold or in models adjusting 
for both cold and age (relative risk 1.19, P = .31). No 
association was observed between Fel d 1 levels and lym- 
phocyte proliferative responses to Fel d 1. 

These data suggest that a relationship exists between 
cockroach allergen exposure early in life and allergen- 
specific lymphocyte proliferative response later in life, 
independent of the influence of a cold in the week before 
blood collection. 

Repeated wheeze as a predictor of allergen-specific 
proliferation in multivariate models adjusting for the 
presence of a cold. After adjustment for cold in the past 
week, repeated wheeze was associated with a prolifera- 
tive response of SI >3 to stimulation with Bta g 2 (rela- 
tive risk 1.2t, P = .04), Der f 1 (relative risk 1.40, P = 
.02), and Fel d 1 (relative risk 1.39, P = .15). After adjust- 
ment for cold, repeated wheeze was also associated with 
a proliferative response of SI >153 to PHA (relative risk 
1.47, P = .03). 

DISCUSSION 

In this investigation, we examined whether environ- 
mental exposure to specific allergens in early life would 
affect later immune functions in a cohort of children with 
a family history of asthma or allergy. We found that home 
levels of the cockroach allergen Bla g 1 or 2 at 3 months 
of age predicted allergen-specific lymphocyte prolifera- 
tion at a median age of 2 years. T-lymphocyte activation is 
critical to the induction of an allergic response. Analyses 
of allergen-specific lymphocyte responses of children, par- 
ticularly for those less than 6 years old, has been limited 
either by sample size or allergen selection. 27-30 Here we 
examine allergen-specific lymphocyte proliferation to 
multiple aero and food allergens in parallel with measure- 
ment of the home aeroallergen levels. The responses to the 
aeroallergens Bla g 2, Der f 1, and Fel d 1 show a range of 
allergen-specific proliferation (Fig 1). For the food aller- 
gen OVA, there was no proliferative response, similar to 
other investigations with this age group (Fig 1). 27,29,31 The 
significantly increased lymphocyte responses to aeroaller- 
gens compared with food allergens are consistent with the 
notion that allergens presented via the airway mucosa may 
elicit different pathways of T-lymphocyte differentiation 
than allergens presented across the gastrointestinal epithe- 
littm. 32-35 In addition, the range of responses to the differ- 
ent aeroallergens shown also suggests a specificity of T- 
lymphocyte responses to the type of aeroallergen. During 
early childhood T-lymphocyte responses are subject to 
regulatory mechanisms that may be driven by exposure to 
different environmental allergens.22,32,36, 37 In this popula- 
tion, by the age of 2 years, children have effectively down- 
regulated T-lymphocyte reactivity to food while reactivity 
to aeroallergens persists. 

The most geographically common home aeroallergens 
of the Boston area were examined to test whether specif- 

ic aeroallergens predict immune responses. For each 
home, dust samples from multiple sites in the home were 
collected to optimize isolation of the individual areas 
where the aeroallergens are typically found. Our methods, 
which examine multiple predominant insect and animal 
allergens in concert, contrast other studies that have col- 
lected a single dust sample from each home comprised of 
multiple locations. 2°,32 With use of these site-specific 
allergen levels, we show that in a univariate model 
increasing levels of Bla g 2 in the kitchen and home max- 
imum predicted an increased lymphocyte proliferation (P 
= .013 and .036, respectively) (Table I). A similar trend 
could be seen with Bla g 1 or 2 and Der f 1 levels in the 
family room (P = .079 and .096, respectively). 

Highest cockroach allergen levels are typically found 
in the kitchen and are more representative of the general 
presence of cockroaches in the home. 20 In contrast, for 
Der f 1, many locations with upholstery or carpeting con- 
tribute to the presence of house dust mites. 38 The absence 
of dust in the baby's bed resulted in an absence or low 
level of allergens measured from which no associations 
with later lymphocyte proliferation were found. In this 
cohort, the Der f 1 level in the family room consisting of 
the chair and floor where the baby was nursed provided 
the strongest association with later Der f 1 proliferation. 
No associations were seen between Fel d 1 levels and 
later Fel d 1-specific proliferation. Intrinsic properties of 
a given aeroallergen contribute to its distribution in the 
home and may influence subsequent allergen-specific 
lymphocyte proliferation. Der f 1, Bla g 1, and Bla g 2 
are associated with large proteins and only become air- 
borne when disturbed such as when playing on a carpet 
or sitting on upholstery. 23,39 In contrast, Fel d 1 is asso- 
ciated to a significant extent with smaller particles of less 
than 5 gin. Consequently, cat allergen remains airborne 
easily and has been found when sampling undisturbed 
air. u Given the tendency to remain airborne, Fel d 1 is 
found in a wider range of areas throughout the home and 
community, even in locations where no cats are kept. 11,40 
The constant low-level exposure to cat allergens may 
result in different immune response to Fel d 1 compared 
with other aeroallergens. 41,42 

Several factors were investigated as possible contribu- 
tors to changes in lymphocyte response, including sex, his- 
tory of LRI, age, race, history of wheeze, and presence of 
URI (Tables II and III). Changes in allergen-specific pro- 
liferation were not associated with sex or race. Although 
allergen-specific proliferation was only weakly associated 
with history of LRI (physician-diagnosed bronchitis, bron- 
chiolitis, croup, or pneumonia), others have suggested a 
possible association between LRI and the development of 
allergic asthma. 2,7,8 Compared with children aged <26 
months, children >26 months old had an increased prolif- 
erative response to Der f 1 and PHA but not to Bla g 2 or 
Fel d 1. Previous work suggests that the response to Der f 
1 increases with age, perhaps because of increased cumu- 
lative exposure to the allergen. If that is the case, we may 
be overadjusting when we control for age in multivariate 
models predicting the proliferative response to stimulation 
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with  Der  f 1. The  re la t ionship b e t w e e n  age and  prol i fera-  

tive r e sponse  is l ikely to be  al lergen specific.  

T h e  r epo r t  o f  a co ld  in the  w e e k  b e f o r e  b l o o d  d raw 
p r e d i c t e d  a d e c r e a s e  in  a l l e r g e n - s p e c i f i c  p ro l i f e r a t ion ,  
w h e r e a s  a s s o c i a t i o n s  w i t h  i n d i v i d u a l  U R I  s y m p t o m s  
were  weaker° The  dec rease  in l y m p h o c y t e  pro l i fe ra t ion  

as re la ted  to the  p r e s e n c e  o f  a co ld  is cons i s t en t  w i th  the  

i m m u n o s n p r e s s i v e  p r o p e r t i e s  a s c r i b e d  to r e s p i r a t o r y  
v i ruses ,  i n c l u d i n g  a d e n o v i r u s .  43,44 In t e r e s t i ng ly ,  

a l t h o u g h  the  p r o l i f e r a t i v e  r e s p o n s e  to a l l e r g e n s  w a s  
d e c r e a s e d  by  a cold ,  there  was  no  s igni f icant  e f fec t  on  the  

r e s p o n s e  to the  m i t o g e n  P H A .  O n e  p o s s i b i l i t y  is  tha t  
viral  i n fec t ion  inhibi ts  an t igen  p roces s ing  and p resen ta -  
t ion. w h i c h  can  occu r  in mul t ip le  d i sc re te  s teps  p r eced -  
i ng  T - l y m p h o c y t e  r e c o g n i t i o n .  43 In  con t r a s t ,  w i t h  the  

m i t o g e n  P H A ,  the  i nh ib i t i on  o f  an t i gen  p r o c e s s i n g  or  
p resen ta t ion  w o u l d  no t  a f fec t  T - l y m p h o c y t e  r e sponses .  

Desp i t e  the  suppress ive  in f luence  o f  a co ld  on  aller- 

g e n - s p e c i f i c  p r o l i f e r a t i on ,  t he  c o l d - a d j u s t e d  m o d e l  
demons t r a t e s  that  i nc reas ing  levels  o f  Bla  g 1 or  2 in the  

k i t chen  and h o m e  m a x i m u m  pred ic t ed  an inc rease  in Bla  

g 2 - s p e c i f i c  l y m p h o c y t e  p ro l i fe ra t ion  (P  = .011, .049, 
r e s p e c t i v e l y ) .  Thus ,  e v e n  in  t he  c o n t e x t  o f  p o t e n t i a l  
i m m t m o l o g i c  supp re s s ion  f r o m  a viral  infec t ion ,  Bla g 2 

l y m p h o c y t e  p r o l i f e r a t i o n  r e m a i n e d  a m a r k e r  o f  the  
ch i ld ' s  e n c o u n t e r  w i th  aeroal lergen.  

P r e v i o u s  s tud ies  h a v e  s h o w n  a c o r r e l a t i o n  b e t w e e n  

inc reases  o f  h o m e  levels  o f  B la  g 2 and  the  phys io log ic  
o u t c o m e  o f  w h e e z e ,  t2 and  he re  w e  d e m o n s t r a t e  tha t  

h o m e  aeroa l le rgen  levels  in f luence  l y m p h o c y t e  pro l i fe r -  
a t ion.  W e  o b s e r v e d  a s s o c i a t i o n s  b e t w e e n  r e p e a t e d  

w h e e z e  in the  f i rs t  2 years  o f  l i fe  and  inc reased  a l lergen-  
speci f ic  and m i t o g e n  l y m p h o c y t e  p ro l i fe ra t ion  (Table II). 

I n  s u m m a r y ,  w e  h a v e  e x a m i n e d  ea r ly  c h i l d h o o d  

i m m u n e  r e s p o n s e s  tha t  m a y  e f f ec t  t he  d e v e l o p m e n t  o f  
i m m u n o l o g i c  r e s p o n s e s  r e l a t e d  to a s thma .  In  a c o h o r t  

o f  c h i l d r e n  at  r i sk  fo r  a s thma ,  w e  a n a l y z e d  h o m e  al ler -  
g e n  leve]ls as a m e a s u r e  o f  e x p o s u r e  as  w e l l  as l y m -  
p h o c y t e  r e s p o n s e s  to  the  s a m e  h o m e  a l l e rgens .  H i g h e r  
h o m e  l eve l s  o f  Bla  g 1 or  2, and to a l e s s e r  e x t e n t  D e r  
f 1. w e r e  a s s o c i a t e d  w i t h  an  i n c r e a s e d  l y m p h o c y t e  p ro -  
l i fe ra t ive  r e s p o n s e .  For  F e l  d 1, h i g h  leve l s  do  no t  cor -  
re la te  w i th  an i n c r e a s e d  p ro l i f e r a t i ve  r e s p o n s e .  E x p l a -  

na t i ons  fo r  a l ack  o f  a l l e r g e n - s p e c i f i c  p r o l i f e r a t i o n  in  
the  se t t ing  o f  h i g h  a l l e rgen  e x p o s u r e  i nc lude  in t r ins i c  

a l l e r g e n i c  d i f f e r e n c e s  o r  i m m u n o l o g i c a l l y  a c q u i r e d  
n o n r e s p o n s i v e n e s s  to a l l e rgen .  P r e v i o u s  ana lys i s  w i t h  

th is  c o h o r t  i n d i c a t e d  that  h i g h  h o m e  leve ls  o f  B la  g 1 
or  2 co r r e l a t e  w i t h  i n c r e a s e d  i n c i d e n c e  o f  a p h y s i o l o g -  

ic o u t c o m e  ( ie ,  r e p e a t e d  w h e e z e  in  t h e  f i r s t  y e a r  o f  
l i fe) .  12 In  c o n c o r d a n c e ,  w e  h a v e  f o u n d  an  i n c r e a s e d  
i n c i d e n c e  o f  r e p e a t e d  w h e e z e  in t he  f i r s t  2 yea r s  o f  l i fe  
to be  a s s o c i a t e d  w i t h  i n c r e a s e d  a l l e r g e n - s p e c i f i c  l y m -  
p h o c y t e  p r o l i f e r a t i v e  r e s p o n s e s .  Taken  t o g e t h e r ,  o u r  
da t a  i nd i c a t e  tha t  e a r l y - l i f e  a e r o a l l e r g e n  e x p o s u r e  to 
c o c k r o a c h  a l l e rgen  p r e d i c t s  la ter  l y m p h o c y t e  r e s p o n s -  
e s  H o w  the  d i f f e r e n c e s  in i m m u n e  r e s p o n s e s  i n f l u e n c e  
the  la te r  d e v e l o p m e n t  o f  a s t h m a t i c  p h e n o t y p e s  is u n d e r  
inves t iga t ion .  
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