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Abstract

Background—Maternal and perinatal environmental exposures, as well as inherited factors, may
influence neonatal immune responses.

Objective—To determine relations of maternal and perinatal exposures to antigen-specific cord
blood lymphoproliferative responses.

Methods—In 427 newborns from a Boston pregnancy/birth cohort, lymphoproliferative responses
in cord blood mononuclear cells to stimulation with cockroach (Bla g 2), house dust mite (Der f 1),
ovalbumin, and mitogen phytohemagglutinin were measured as stimulation index (SI). We used the
Wilcoxon rank sum and y?2 tests to evaluate predictors of ovalbumin Sl as a continuous ranked or
dichotomous outcome. We used t test and Spearman correlation for univariate testing and linear
regression to evaluate predictors of natural log-transformed Bla g 2, Der f 1, and phytohemagglutinin
SI. Logistic multivariate regression was applied to evaluate predictors of Bla g 2, Der f 1, and
phytohemagglutinin Sl dichotomized at 2 or at the median for phytohemagglutinin.

Results—Maternal smoking during pregnancy, inadequate or excessive maternal weight gain
during pregnancy, neonate black race/ethnicity (compared with white), and Apgar score less than 8
were each independently associated with increased cord blood mononuclear cell proliferative
responses to stimulation with Bla g 2 and/or Der f 1. Maternal history of asthma was associated only
with increased lymphoproliferative response to ovalbumin stimulation.

Conclusions—Distinct fetal and perinatal exposures and black race/ethnicity may be associated
with increased cord blood lymphoproliferative responses. The implications of these findings for
future development of allergy or asthma are, as yet, unknown.

INTRODUCTION

Asthma is the most prevalent chronic disease of childhood in industrialized countries. 1,2
Genetic, developmental, immunologic, and environmental factors all appear to play roles. A

Requests for reprints should be addressed to: Patricia W. Finn, MD, Pulmonary and Critical Care Division, Brigham and Women’s
Hospital, 75 Francis St, Boston, MA 02115, E-mail: pwfinn@rics.bwh.harvard.edu.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Willwerth et al.

METHODS

Page 2

maternaé history of asthma is likely linked to all of these factors and is a predictor of childhood
asthma.

The fetal period may be a critical time for influence of a child’s immune system. One factor
that likely affects the fetal immune system is maternal and fetal antigen exposure. Recognition
and response of neonatal T lymphocytes to antigens have been previously demonstrated.4—6
Fetal antigen exposure may be affected by maternal allergy status’ and maternal exposure to
high concentrations of allergen. Mothers with high cat allergen exposure also have high levels
of 1gG to cat and pass this specific antibody to the fetus. The implications of the in utero transfer
of 1gG to inhalant allergens for asthma development is a subject of active investigation.8

Also, additional factors such as exposure to cigarette smoke, maternal Weightgain during
pregnancy, and race/ethnicity may be influential in immune development. -1 Improved
understanding of cord blood immune responses and an association with maternal in utero
influences, such as maternal history of asthma or smoking, may help elucidate the
understanding of immune development. This information may help direct future prevention
strategies for subsequent development of childhood allergy and asthma.

Previous literature regarding the influence of maternal asthma and allergy on cord blood
mononuclear cell (CBMC) proliferative response to antigens and mitogens is heterogeneous.
15,16 while previous investigations have determined that antigen-specific T-cell priming can
occur, the influence of maternal asthma and allergy on the presence and degree of CBMC
proliferative response to antigens, including house dust mite, cockroach (Bla g 2), birch pollen,
grass, p-lactoglobulin, and ovalbumin, has varied.46:17-19 |n 3 study of 223 neonates from
Scotland, the magnitude of CBMC proliferative responses to timothy grass pollen and/or house
dust mite increased in association with family history of atopic disease and/or maternal
smoking.20

We investigated the association of maternal and perinatal exposures such as maternal smoking,
maternal history of asthma, eczema, hay fever, maternal weight gain during pregnancy,
neonatal race/ethnicity, and Apgar scores with CBMC proliferative responses to the antigens
Bla g 2, Der f 1, ovalbumin, and mitogen phytohemagglutinin.

Study Participants

Study participants were a subgroup of participants from Project Viva, a pregnancy/birth cohort
study under way in the Boston, MA, metropolitan area.21 Enrollment for this study occurred
from April 1999 through July 2002. Expectant mothers were enrolled at their initial clinical
prenatal visit. Participants were interviewed and completed questionnaires in the first and
second trimesters of pregnancy, as well as at the time of delivery. Venous umbilical cord blood
was obtained at the time of nonemergent deliveries. This study was approved by the
Institutional Review Boards of Brigham and Women’s Hospital and Harvard Pilgrim Health
Care. Informed consent was obtained from mothers, including cord blood collection and
longitudinal follow-up of their offspring.

Cord Blood Samples, Cell Preparation, and Lymphocyte Proliferation

Cord blood samples were collected from the umbilical vein at delivery (n =427). Samples were
placed in heparinized tubes and processed within 24 hours. The CBMCs were isolated by
density-gradient centrifugation with Ficoll-Hypaque Plus (Pharmacia, Uppsala, Sweden) after
dilution in phosphate-buffered saline. Cells were washed in RPMI 1640 and diluted in 10%
human serum (Biowhittaker, Walkersville, MD) to a concentration of 5 x 10° cells/mL. For
the lymphocyte proliferation assay, 0.5 x 10° cells per well were cultured in quadruplicates in
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96-well round-bottom tissue-culture plates (Corning, New York, NY) for 3 days at 37°C in a
5% carbon dioxide incubation chamber. At the start of the culture, cells were stimulated with
30 ug/mL of Bla g 2, 30 pg/mL of Der f 1 (Indoor Biotechnologies, Charlottesville, VA), 100
pg/mL of ovalbumin, or 5 pg/mL of phytohemagglutinin (Sigma Aldrich, St Louis, MO). The
indicated doses and time points were chosen after optimization experiments with dose-and
time-response curves. We tested all reagents for endotoxin contamination by limulus assay.
Endotoxin content was low (<0.01 EU/mL), and functional ability to stimulate CBMCs was
not relevant at these concentrations. Cells were pulsed with 1-uCi [3H]-thymidine for an
additional 8 hours. Cells were harvested with a Tomcat Mach Il harvester (Wallac, Turku,
Finland) onto filter plates, which were read in a B-counter. Samples were run in quadruplicate,
and mean counts per minute of stimulated and unstimulated samples were calculated.

Definition of Predictor Variables

We determined maternal and paternal history of asthma, eczema, and hay fever during the first
trimester interview. We asked expectant mothers and fathers, “Has a health professional such
asadoctor, physician assistant, or nurse practitioner ever told you that you had asthma, eczema,
or hay fever?” Additional potential covariates, including maternal body mass index (BMl),
smoking history, neonate sex, and race/ethnicity, were determined through written
questionnaires, interviews, and review of medical records. Maternal prepregnancy weight and
height were obtained at the time of enrollment, and we calculated BMI as the ratio of weight
in kilograms divided by the square of height in meters. Maternal smoking status was determined
during the first and second trimester of pregnancy and at delivery, when the mother was asked
if she had ever smoked, in the last 3 months and currently. Maternal weight gain during
pregnancy was calculated subtracting the prepregnancy weight from the weight before
delivery. Adequate, inadequate, and excessive weight gain were defined using the 1990
Institute of Medicine criteria guidelines,22 which are based on prepregnancy BMI and weight
gain: for a prepregnancy BMI of less than 19.8, recommended weight gain is 12.5 to 18 kg;
prepregnancy BMI of 19.8 to 26.0, recommended weight gain is 11.5 to 16 kg; prepregnancy
BMI of more than 26.0, recommended weight gain is 7 to 11.5 kg; and prepregnancy BMI of
more than 29.0, recommended weight gain is 6 to 11.5 kg.

Neonate birth weight was recorded at the time of delivery. The 5-minute Apgar score (assigning
a score of 0 to 2 to heart rate, respiratory effort, muscle tone, reflex irritability, and color) was
abstracted from birth record and dichotomized between a total score of 8 or higher vs less than
8, since a score less than 8 is considered abnormal and reason for resuscitation. Neonate race
was determined based on parental report of race, which was collected at the first trimester
interview. If both parents were white, the child was classified as being white. If either parent
was black, the child was classified as being black. If no parent 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.

Definition of Outcome Variables and Data Analysis

The Sl was calculated as the ratio of mean counts per minute of stimulated lymphocytes divided
by mean counts per minute of unstimulated lymphocytes. The data from each sample were
reviewed, and if significant differences from usual laboratory conditions were found or if
phytohemagglutinin SI was more than 3 SDs below the geometric mean (phytohemagglutinin
Sl <5) (n = 8), which could represent an absence of phytohemagglutinin stimulation or an
occult immunologic dysfunction, data were excluded from analyses. Proliferative responses to
Blag 2, Der f 1, and phytohemagglutinin were natural log transformed to normalize distribution
of the data. Proliferative response to ovalbumin did not normalize with natural log
transformation; we used the Wilcoxon rank sum test and 2 test to evaluate predictors of
ovalbumin Sl as a continuous ranked or a dichotomous outcome. We used linear and logistic
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multivariate regression to evaluate predictors of Blag 2 Sl, Der f 1 Sl, and phytohemagglutinin
Sl, evaluating them also as continuous or dichotomous outcomes. All multivariate models
included maternal history of asthma, as well as maternal smoking, race/ethnicity, and BMI
(covariates with a possible association [P < .20] in the multivariate analysis with antigen-
specific Sl). In dichotomous analyses, data were divided at an SI of 2 or greater vs less than 2,
taking into account the range and median value for the outcomes and previous literature
suggesting an Sl greater than 2 or 3 as a positive response.5’17’19’23‘25 SAS statistical
software, version 8.2 (SAS Institute Inc, Cary, NC) was used for all analyses.

Table 1 demonstrates the baseline characteristics for the 427 children who had measurements
for ovalbumin- and phytohemagglutinin-induced lymphocyte proliferation. Of these 427
children, 375 also had measurements for Bla g 2— and Der f 1-induced lymphocyte
proliferation. Proliferative responses ranged from 498 (fifth percentile) to 9,671 cpm (95th
percentile) (median, 2,725 cpm) for unstimulated samples, from 963 to 17,839 cpm (median,
3,759 cpm) for Bla g 2 stimulation, from 1,261 to 23,562 cpm (median, 4,682 cpm) for Der f
1 stimulation, from 821 to 11,854 cpm (median, 3,218 cpm) for ovalbumin stimulation, and
from 14,185 to 258,173 cpm (median, 114,916 cpm) for phytohemagglutinin stimulation. A
positive proliferative response was defined as an Sl of 2 or greater. The distribution of Sl is
reported in Table 2.

Maternal history of asthma was associated with increased cord blood lymphocyte proliferation
to ovalbumin (median Sl, 1.21 vs 1.08; P =.007; Table 3). In analyses expressing ovalbumin
Sl as dichotomy, offspring of asthmatic mothers were more likely to have an ovalbumin SI of
more than 2 than offspring of nonasthmatic mothers (21% vs 11%; P = .02; data not shown).
No additional measured factors were found to be confounders of the association of maternal
asthma with response to ovalbumin. Although weak univariate associations were found for
maternal asthma and proliferative response to other allergens (Table 3), these associations did
not hold after adjustment for other cofactors (Table 4 and Table 5).

Univariate analysis suggested that Bla g 2— and Der f 1-stimulated lymphoproliferative
responses were increased in association with maternal smoking during pregnancy (Table 3).
Inadequate or excessive maternal weight gain also appeared weakly associated with increased
allergen (Bla g 2, ovalbumin) or phytohemagglutinin responses. In addition, black (compared
with white) race/ethnicity and 5-minute Apgar score of less than 8 (suggesting fetal stress)
predicted increased allergen lymphoproliferative responses. Increased responses to
phytohemagglutinin stimulation were also associated with black race/ethnicity and with
inadequate maternal weight gain during pregnancy. Neither maternal nor paternal history of
eczema, hay fever, and asthma were associated with Bla g 2, Der f 1, or phytohemagglutinin-
stimulated lymphocyte proliferation (data not shown). In addition, we found no associations
of maternal age, maternal prepregnancy BMI, neonate birthweight, gestational age, or neonatal
intensive care unit stay with either antigen or phytohemagglutinin-induced responses (Table 3
and data not shown).

We also found that maternal smoking during pregnancy, neonate black race, and decreased 5-
minute Apgar score below 8 were associated with increased Bla g 2 and Der f 1 Sl in linear
multivariate regression models that controlled for maternal asthma, maternal BMI, and
maternal weight gain during pregnancy (Table 4). In addition to having higher allergen-
stimulated responses, compared with children with white race/ethnicity, those with black race/
ethnicity had significantly higher phytohemagglutinin-stimulated proliferative responses. In
these multivariate regression analyses, antigen-and phytohemagglutinin-stimulated
lymphoproliferative responses also tended to be higher for those with either inadequate or
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excessive weight gain, although the significance of the associations varied. Results were similar
in logistic regression analyses, with Bla g 2 and Der f 1 dichotomized at 2 and
phytohemagglutinin dichotomized at the median (40), but they also suggested a small but
significant increase in the odds of a phytohemagglutinin SI of more than 40 with increasing
maternal BMI (Table 5).

DISCUSSION

In this study, we examined the impact of maternal influences on neonatal immune responses
to antigens and the mitogen phytohemagglutinin. Maternal smoking during pregnancy,
inadequate or excessive maternal weight gain during pregnancy, neonate black race/ethnicity
(compared with white race/ethnicity), and Apgar score less than 8 were each associated with
increased CBMC proliferative responses to stimulation with Bla g 2 and/or Der f 1. Maternal
history of asthma was associated with increased lymphoproliferative response to ovalbumin
stimulation.

For children of black ethnicity and (more weakly) for inadequate weight gain during pregnancy,
we found a more generalized increased T-cell responsiveness that included responsiveness to
the mitogen phytohemagglutinin and to the allergens. Our data raise the possibility (whether
genetic or environmental in etiology) that differential neonatal immune responses may
underlie, in part, the higher incidence of asthma in black Americans. 11,12 Although
lymphocyte proliferation in a healthy cohort of newborns of various racial groups has not been
extensively examined, one study detected increased expression of the costimulatory molecules
CDB80/86 in African American adults following mitogen and antigen stimulation. 6 cD80/86
are crucial molecules in T-cell activation and whether differences in costimulatory molecules
occur in different race/ethnicity groups is under investigation.

Although there is extensive literature on the effects of cigarette smoking on neonatal lung
function and development,27’28 previous studies evaluating the effects of maternal cigarette
smoking on cord blood immune responses are limited. A prior study suggested that a trend for
increased cord blood proliferative responses to concanavalin A, purified protein derivative,
timothy grass, and house dust mite extract has been found in mothers who were smoking during
pregnancy.20 Maternal smoking can harm the human placental development by changing the
balance between cytotrophoblast proliferation and differentiation,29 and several studies report
that cigarette smoke extracts in vitro can stimulate cell proliferation30 not only of
Iymphocytes?’l’32 but also of lung epithelial cells.33 The cigarette component tobacco-related
glycoprotein has been previously shown to induce peripheral T-cell proliferation.?’ll34
Whether preferential placental transfer of tobacco-related glycoprotein over the
immunosuppressants nicotine and polycyclic aromatic hydrocarbons could explain increased
lymphoproliferation in CBMCs from smoking mothers remains to be determined.35:36
Importantly, neonates of maternal smokers have higher expression of the T2 cytokine
interleukin 13 to both house dust mite and ovalbumin stimulationl4 and a higher risk of
developing asthma or atopy in childhood.37 Follow-up investigations in this cohort will offer
the possibility to determine whether heightened lymphoproliferative responses in neonates are
also associated with increased incidence of atopic diseases.

Inadequate or excessive maternal weight gain during pregnancy and an Apgar score of less
than 8 likely represent a heterogeneous group of exposures that may represent sources of stress
or proinflammatory conditions that may also heighten lymphoproliferative responses.10 For
example, weight development in pregnancy may be associated in part with leptin-dependent
mechanisms, which have been suggested to be acute stress—related hormones.38 Also, leptin
is known to activate different signaling pathway and can induce cell proliferation.?’9 Maternal
weight gain may also represent differences in diet that influence the lymphoproliferative
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responses.20’40 Decreased Apgar scores may represent a marker for induction of
proinflammatory cascades, eg, triggered by activation of NF-kB, which is responsible for the
induction of several inflammatory genes and shown to be differentially regulated in cord blood.
41,42 However, the exact mechanism by which weight gain in pregnancy or other perinatal
factors such as Apgar score can influence fetal immune responses have to be further examined.

Prior studies investigating antigen-specific lymphocyte proliferation of neonates at high vs low
risk of atopy have been diverse in their findings. Increased proliferative responses to house
dust mite Der p, Der extract, 117,20 timothy grass, purified protein derivative, p-
lactoglobulin, 5,16 and ovalbumin6 are in accordance with our findings. Heightened
proliferative responses to the mitogen concanavalin A20 have been reported in neonates at
higher risk of atopy, but lower proliferative responses have also been shown.23 Also, Miller
et al19 found no association between maternal history of atopy and antigen-induced
proliferation in CBMCs. Those heterogenous findings may be influenced by different exposure
to antigens,zo!24 race/ethnicity, or potential other covariates such as cigarette smoking as
reported in our study.

This study has the following limitations. The generalizability of the results on maternal asthma
and cord blood lymphoproliferative response to ovaloumin may be limited, in part because of
relatively small numbers of mothers with asthma and an ovalbumin Sl of more than 2. The
lack of consistency in the data (in that maternal responsiveness did not predict significantly
heightened responsiveness to other stimulants) also tempers our interpretation of the
association of maternal asthma with ovalbumin response. The lack of records on maternal use
of steroids may have limited our ability to investigate associations of maternal asthma with
lymphoproliferative responses, taking into account the use of anti-inflammatory medications.
This may have biased results to the null. We did not have documentation of administration of
steroids to the fetus, but our sample was biased toward healthy normal deliveries in that we
generally could not get cord blood during emergent, difficult, or premature deliveries. Two
children in our cohort were sick after delivery—one was treated for presumed sepsis and
necrotizing enterocolitis and one for hyaline membrane disease. Elimination of these children
from analyses (sensitivity analyses) showed no decrease in the magnitude of the effects of the
predictors of interest but showed a slight decrease in the precision of the estimate for an Apgar
score of less then 8. We do not know the extent to which the heightened responsiveness of
children of black race/ethnicity to allergen and mitogen stimulation represents an inherited
characteristic vs responses to unmeasured exposures (perhaps related to poverty or
discrimination) encountered more commonly by blacks compared with whites in our cohort.

In summary, maternal smoking during pregnancy, inadequate or excessive maternal weight
gain during pregnancy, neonate black race/ethnicity (compared with white race/ethnicity), and
an Apgar score less than 8 were associated with enhanced neonatal responses. Continuing
efforts to understand the influence of maternal and genetic factors on newborn lymphocyte
response to antigens may help elucidate critical pathways leading to atopic disease.
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Characteristics

No. (%) of population (N = 427)*

Maternal age, y
Minimum
25th percentile
50th percentile
75th percentile
Maximum

Maternal prepregnancy BMI
Minimum
25th percentile
50th percentile
75th percentile
Maximum

Maternal weight gain during pregnancy
Inadequate
Adequate
Excessive

Maternal smoking during pregnancy
Yes
No (never or former)
Missing

Maternal history of asthma
Yes
No

Neonate sex
Female
Male

Gestational age, wk
Minimum
25th percentile
50th percentile
75th percentile
Maximum

Neonate birthweight, g
Minimum
25th percentile
50th percentile
75th percentile
Maximum

Neonate race/ethnicity
White
Black
Hispanic
Asian

5-Minute Apgar score
>8

+

<8

16
29
32
35
44

15
21
23
27
48

70 (17)
140 (33)
214 (50)

10 (2)
365 (85)
52 (12)

56 (13)
371(86)

197 (46)
230 (54)

31
39
40
41
43

1,786
3,220
3,515
3,855
5,329

282 (68)
78 (19)
30 (7)
27 (6)

415 (97)
11 (3)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters).

*
Data are number (percentage) of population unless otherwise indicated. Total sample size may not add up to 427 and total percentage may not add up to

100% because of missing values or rounding.

7°Defined according to Institute of Medicine guidelines,22 using prepregnancy BMI and total weight gain during pregnancy.

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2006 September 8.



Page 10

Willwerth et al.

'sa)AooydwA| parejnwinsun Jo ainuiw Jad s)unod ueaw Ag papiAlp se1kooydwA| parenwins 4o ainuiw Jad S)unod uesw JO o1jel ‘IS :UoNeIARIqaY

144 o> 1S
€1¢ or< 1S
98'85y L Zr'6€ ¥2'02 ST'T yX44 uiunn|Bbewayoifyd
SLE 1S
[4°] Z<IS
1244} or'tT 60'T 160 050 yX44 ulngreno
8¢ 1S
14" Z<IS
Sy'6T 66'C 69'T eT'T ¥€0 v.€ T1l8@
€8¢ 1S
16 Z<1IS
6TCT S6'T 1€7T 86°0 ¥€0 v.€ ¢beg
wnuwixen a|nusdtad Yyig, a|nusdtad Yy1og a|nusdtad Yyigz wnwiuin syuedionaed Jo 'oN (1S) asuodsaa uoireasyijoad a1Lo0ydwA]

NIH-PA Author Manuscript

IS Se UMOYS uoneiaijold 81kooydwAT piod parejnwns-usbo|A pue usbnuy
¢39l|qelL

NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2006 September 8.



Page 11

Willwerth et al.

'Sa1IyM yum pasedwiod dnoif somm_ﬂ

"(3x@1 99s) Aoueubald Burinp ured ybBiam e10) pue NG Aoueubaidaid Buisn Nm_mm:__%_:m 3UIDIPaA 40 aInisu| 03 Buiplodoe cmccmnr

"uolye|ali09 ueweads ayj Joj SI anjen d ‘(abe [euonrelsab ‘6a) ajqerien

SNONUIUOJ B SB painseaw 103o1pald € JO [9A8] UUM [SUJ JO UOIIeId0Sse Bulrenjens usypn “sa110Bared 81819SIp g Ul ualpjiyd 10} IS Burredwod usym 1sal Sij[eAA-[BXSNID 8U3 J0J SI 8NnjeA d ‘IS ulwngeno
3W091N0 3y} J04 *(0U BLIYISE [euIaleW SA SaA eulyiSe [eulalew ‘Ba) sa1i06a1ed 818.0SIP Z Ul UsIP]IYd 40} [SUl Burredwod uaym 1sal 3 8y} 1oy S1 anjeA d 8y} ‘|S UlwngeAo eyl Jayio sawoalno |S |[e 104

*

"sa1AooydwiA| parejnwiisun Jo sinuiw Jad sjunod
ueaw Aq papiAlp sa1AooydwA| parejnwins Jo alnuiw Jad sjunod ueaw Jo oned ‘1S f(s4a1aw Ui ybiay Jo arenbs ayy Aq papiAlp swelbojiy ul ybiam se palendjed) xapul ssew Apoq ‘NG :UOIRIABIGAY

1L 6'0v 100°> S0¢C 80 ¥8'C €0’ €'¢ 8>
9'9¢ 60'T 18T vrT (quasagal) 8<
81095 Jefdy aInuIN-G
8¢ 08¢ 14 90T L9 187 €6 6E'T H:m_w<
€e 8'8¢ L8 60T 6 76T L€ ¢St ﬁo_cm%_I
T00™> .S €e’ €TT T00™> or'e 200’ 8.7 Hv_om_m_
vve 60T 0LT 8e'T (quasagal) anym
Aotuys/aoel ajeuosN
8'GE 7T 8.7 wT dJews
€9’ WA 69’ 0T'T w 68'T LE 6v'T SleN
X3S 91eU03N
74 (457 - 80’ 8T'T - S6° €8T 66'< Sr'T Buissiy
79 80'T 18'T T (yusiggal) ON
e €09 9L 10T 00 6€€ [0l 0ce SOA
Aoueubaid Burinp Buryows jeulsiein
eV 2'9¢ S0’ AN €9’ 78'T 45 0S'T SAISS30X3
€€ 10T LT Ge'T (3uaiagal) ayenbapy
40 0Ly 8¢ 4 I3 96'T 13 96T aenbapeu|
+>ocmcmeg Burinp ureb ybram jeussre|n
orT 800 69’ 20°0- 62 900 A G500 1N g AoueuBaidald [eusereiN
I 90'0— 86 T00°0 178 00— o¢’ S0'0— abe feusere
69¢€ 80T 98'T 8Y'T ON
i 128 6T ST'T 8¢ 69T T 12T SBA
BUIYISE J0 AIOISIY [eulared
T9€ 80T 87T V't ON
9t Tty L00° 1T 0c L0C 60 197 SOA

euiyise Jo AI0isiy eulareiy

IS uesw IS ueaw ueaw
anjend &meSo S| anjend *cm_cm_\,_ | anjend oﬂumEOmO | anjend o_wumEomo | sonsiIgloeIRyYD
utunn|Gbewayolfyd ulngreaQ T448Q zbelg

IS Ag painsea|A se uonelajijoid akooydwAT parejnwing-usbon A pue -usbnuy YA SONSLIBIoeIRYD PlIyD PUe [eludied JO SUOIBII0SSY SleLieAIuN
€ 9lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2006 September 8.



Page 12

Willwerth et al.

19 (z29v'82) 02y aAISSEIXT
(7'85-0'92) 0'6€ (qusuayai) ayenbapy
£ (8'18-L€8) 628 ajenbapeu]
H\Gcmcmma Burinp ureb ybBram Jeussren
LL (9°09-292) z'O¥ BuISSIIA
(8'€5v'Le) ¥'8E (1uasayel) ON
vz (e'TT1-6'22) L'SS SOA
AoueuBaid Burinp Buiows Jeuaren
(0v9-6'62) 8V ON
T6° (2'69-9'82) S SOA
BUWYISE JO AI0ISIY [eulaleln
1{20v = ) 1S ulunn|BBewayoIAyd
€0’ (z9'9-8¢72) L6°€ 8>
(8L'z-06'T) 0E'C (yuaiayel) 8<
8109s Jefdy anuIN-G
8¢’ (62'7-66'T) 26'C uelsy
g€’ (¥z'v-1077) 16'C oluedsiH
100> (82'5-¥L'2) 08'€ Yoelg
(9v'e-T6'T) LGC (1uaJaya1) aMYM
ANo1uy1a/adel ajeuosN
6c (9T'-62'2) 90°€ aAISSEOXT
(z8€-102) 18°C (1usiayai) arenbapy
24 (Lvv-6T72) 0Z°€ alenbapeu]
H\Gcmcmma Burinp ureb ybram Jeussren
ST (00€-15'T) 11T BUISSIIA
(9ee-16'T) 15T (1uasayel) ON
200’ (00'8-50°€) ¥6'7 SOA
AoueuBaid Burinp Buiyows eularen
(¥o'v-vee) 10€ OoN
96’ (¥Z'v-91°2) €0'€ SOA
BUWYISE JO AIOISIY [eulale|n
ose =) 1S T4 480
10° (89'v-68'T) 86'C 8>
(0z-9rT)2LT (qussayel) <
8109s Jefdy anuIN-G
14 (oT'e-28T) 02'C uelsy
9 (60'€-65'T) cZ'C o1uedsiH
100> (09'e-20'2) 69'C %oe|g
(652-€5'T) 66'T (1uauaya1) SMYM
JSTRITNETERT NI EIN
€0’ (TT°e-18'1T) L€7C aAISSEOXT
(L977-65'T) €0'C (1usuaya) ayenbapy
L0 (vze-6LT)TrC ajenbapeu]
H\Gcmcmma Burinp ureb ybram Jeussren
ve (ov'z-seT1) €0'C BUISSIIA
(85°2-09T) 08T (Juasalal) ON
20 (¥8'7-90'2) 9T'€ SOA
AoueuBaid Burinp Buiyows euaren
(60°€-0LT) €2°C oN
9L (68'2-2L'T) 0EC SOA
BUWYISE JO AIOISIY [eulaleln
Jose=u)1szbeg
anfend (1D %56) 1S Ueaw d1118wWoab parsnlpy sa|qelteA

uoneajjoid a14voydwA o119eds-ushiuy Y sanisusioeseyd pliyd PUe [ejualed JO SUOIRIJ0SSY IO |S UBSIA d118W09s) paisnipy

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2006 September 8.



Page 13

Willwerth et al.

*(3x@1 93s) Aoueubaid Burinp ureb ybram [e10) pue xapul ssew Apoq Aoueubaidaid Buisn NN,wm:__mc_:m BUIDIP3IA JO a1nsu| 01 Buiplodoe uw:_hmoﬂ

‘pauulojsuel] mmo_gN

"Xapul ssew Apog [euarew 1oy paisnipe os|e s|apoin

"sa1ko0ydwA| parenwinsun Jo ainuiw Jad sUNod ueaw Ag papIAIp saikooydwA| parejnwins 40 anuiw Jad S)UN0d Uesl JO Ol ‘IS {[eAISIUI 82UBPIIUOD ‘| :SUOIBIABIGQY

Gl (0°28-972) €'9¥ 8>
(z'ss-T128) 0z (quesayes) 8

8109s Jefidy aInuIN-G
8y’ (0e9-120) €28 UeISY
ve (8'95-8'02) '€ s1uedsiH
100> (970T-2'SP) 8'89 oelg
(e'e9-€62) T'EY (quaIaya1) AMYM

Ao1uy19/30R. 91RU0SN

anfend (1D %56) 1S ueaw d1118wWoab parsnipy sa|qelten

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2006 September 8.



Page 14

Willwerth et al.

(89°2-2L0) ¥'T

(0T'T-T0T) SO'T
(05'2-v9'0) 92'T
00T
(L2 9-L¥v0) TLT

00T
(26'T-95°0) ¥0'T

(€'€T-19°0) §8'C
00T

(52°€-09°0) 6Y'T

(ee'7-08'0) 98°'T

(TT'5-97'1) €4
00T

(LeZ-¥8°0) VT
00T
(82°2-65°0) 9T'T

(90'1-26'0) TO'T
(2T 1-2°0) 250
00T
(62°€€-6€'T) 629

00T
(€£'1-27°0) 98°0

(60°0€—€2'T) 609
00T

(00°2-080) L£2

(69'7-59°0) ST

(26'5-67'T) 16°C
00T

(00'S—¥€T) 65°C
00T
(ST'5-00T) L2C

(90'1-96°0) TO'T
(89°'T-0€°0) TL'0
00T
(zr'v6-€5°€) 92°'8T

00T
(e¥7'2-05°0) 60°'T

ajenbapeu|
AoueuBaid Burinp ureb ybiam feussre\
1ING [eulsleiN
Buissin
(quaiayal) oN
SOA
(Aoueubaid Buiinp) Buows eussre|n
ON
SOA
BWYISE JO AI0ISIY [euIale
4(Swedionsed g0z Ul T'0y< IS *L0 = U) IS utunn|BBewayofyd
8>
(wualeya1) 8<
8100s Jefdy aInuIN-G
uelsy
oluedsiH
Joe|g
(1uaiaga1) SUYM
A91UY3a/30€1 BTRUOAN
AAISS90XT
(1uaiaya1) arenbapy
alenbapeu|
,Qacmcmma Burinp ureb yBram Jeusaren
1INg [eulsreiN
Buissin
(uataja1) ON
SOA
(Aoueubaid Burinp) Buiows euaren
ON
SOA
BUWIYISE JO AI0ISIY [euIaleN
(swedionsed 6ET Ul z< 1S '95€ = U) IS T4 4o
8>
(wualaya1) g<
81095 Jebdy aInuIN-G
uelsy
oluedsiH
Joelg
(quasagar) anym
A101uy18/908R1 B1RUOBN
9AISSAIXT]
(yuaiaya1) arenbapy
alenbapeu|
Aoueubaid Buinp ureb ybiam [eussren
1IN g [eulsrelN
Buissin
(yuaiayal) oN
SOA
AoueuBaid Burinp Buryjows feulsyelN
(yuaiayal) oN
SOA
BUWYISE JO AIOISIY [eulaleln
(edionsed gg ul z< 1S ‘95e = U) IS Z B e1g

it

I

(10 %S6) 4O

sa|qeLI_A

uoneJajijoid akooydwAT o13198dS-usbnuy YIIAA SansLISIoRIRYD PIIYD PUE [elussed JO SUOITRID0SSY 10} SOeY SPPO

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2006 September 8.



Page 15

Willwerth et al.

“uBIpaW 1B umN_Eos_t_n_a.w

*(1xa1 99s) Aoueubaid Burinp ureb 1ybram [eio1 pue [INgG Aoueubaidaid Buisn Nm,mm:__%_:m 3UIDIP3IA J0 a1mIsu| 0] Buiploade ?E_hmn_aN

‘¢ ¥e paziwoloydla
*

'sa1A00ydwA| parejnwiisun Jo anuiw Jad slunod ueaw Aq papIAIp saikooydwA| pareinwins
10 3InuUIW Jad SJUNOD UeaW JO O1rel ‘IS 01kl SPPOo ‘YO ‘[eAIsIUl 8dUBpIyU0d ‘1D ‘(sia1aw ul yBiay Jo atenbs ay) Aq papIAlp swielBojiy ul JyBiam se parejnajes) xapul ssew Apoq ‘[Ng :UOIRIASIGOY

(e9z—22'0) 920 8>
00T (wualeya1) g<
8100s Jefdy aInuIN-G
(9e'e-v9°0) Lt'T UeIsY
(9€'1-22°0) T9°0 sjuedsiH
(0z'€-T0'T) 08'T yoelg
00T (1uaiaga1) BUYM
Ad1Uy1a/39R1 31RUOBN
(16'T-65°0) ¥6°0 aAISSEIXT
00T (1uaiaya1) arenbapy
(12 %56) 4O so|gelIeA

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2006 September 8.



