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To the Editor,

There has been ongoing interest in the temporal association between the change from whole cell 

pertussis (wP)-containing to acellular pertussis (aP)-containing vaccines in the routine infant 

immunization schedule in Australia and increases in childhood food allergies.  This is because of 

the tendency of aP, but not wP, vaccines to promote TH2 immune responses, which are known to 

predispose children to allergy and allergic disease 1.
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A recent analysis of ICD coded data for anaphylaxis-related hospitalisations in Australia found 

that observed increases between the years 1998-1999 and 2004-2005 continued between the years 

2005-2006 and 2011-20012, especially in older children 2.

As the change from wP to aP-containing vaccines between 1997 and 1999 in Australia and 

coincided with recruitment of a birth cohort into a randomized controlled trial of interventions for 

the prevention of asthma - the Childhood Asthma Prevention Study (CAPS), we used trial data to 

conduct a post hoc analysis of the hypothesis that vaccination with wP, rather than aP-containing 

vaccines, is associated with a decreased prevalence of the atopic markers evaluated in the trial 

(including skin prick test positivity to peanut and egg) and parent reported diagnosed asthma, 

rhinitis and eczema 3. 

The Childhood Asthma Prevention Study was a randomized controlled trial to test the 

effectiveness of house dust mite (HDM) avoidance and dietary fatty acid modification during the 

first 5 years of life as strategies for the primary prevention of asthma and allergy in high-risk 

children.  High risk was defined as a parent or sibling having current asthma or frequent wheeze..  

Briefly, between October 1997 and January 2000, 616 high-risk infants were randomized, using a 

factorial design, to receive an HDM avoidance intervention, a dietary fatty acid modification 

intervention, both interventions or neither.  Clinical assessments were conducted at 18 months, 3, 

5, 8, 11.5 and 14 years 4-6.  During early life, study nurses collected information about the babies’ 

development, vaccinations, symptoms and home environment.  At clinical assessments between 18 

months and 14 years, we collected data on respiratory and allergic symptoms and diagnoses and 

from 5 years of age we measured lung function by spirometry. Skin prick tests were performed 

with a standardized protocol and classified as positive if the mean wheal size was at least 3mm 6.

Although we prospectively collected self-reported data on vaccination, we did not ascertain 

whether the pertussis vaccine given was wP or aP.  To capture this information, we used the 

Australian Childhood Immunisation Register (ACIR), a national register established in 1996 7, In 

2017, we identified cohort members in the ACIR using their name and the address recorded during 

the first six months of life for each child. Information on the type of pertussis vaccine 

administered was extracted. This study was approved the Sydney Local Health District RPAH 

Zone, Human Research Ethics Committee (HREC/08/RPAH/472).A
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In this analysis, we ascertained pertussis vaccine type for all children who participated in at least 

the first clinical outcome assessment at 18 months (n=552) and were successful for 524 (94.9%) 

participants. The analysis was restricted to the 497 children who had their first dose of pertussis 

vaccine between the ages of six and 18 weeks 8. Only data on vaccines administered before age 18 

months were considered.  Exposure to pertussis vaccine was characterized using two binary 

definitions: 1) first dose was wP vaccine vs first dose was aP vaccine, regardless of subsequent 

pertussis vaccine type and 2) at least one of the first three doses was wP vaccine vs all of the first 

three doses were aP. Outcome variables were defined as present at any assessment to age 5, 8 and 

11.5 years.

To assess the association between vaccine type and the outcomes, accounting for repeated 

measurements, we used a hierarchical log-binomial regression model with individuals treated as 

random intercepts. The results are reported as relative risks (RR) with associated 95% confidence 

intervals. The longitudinal RR is calculated in a mixed model and use information from all 

previous assessments. We also present results adjusted for sex and breastfeeding duration (< or ≥ 6 

months); and another analyses where we controlled for the CAPS study intervention groups, that 

is, house dust mite avoidance (active or control) and omega-3 supplementation (active or control) 

to confirm that the randomized intervention groups did not confound the observed associations.

There were 293 (59%) participants who were recorded on the ACIR with wP as their first dose of 

pertussis vaccine 204 (41%) with aP as their first dose.  A larger proportion (325, 65%) received at 

least one dose of wP over the three-dose primary course.

The longitudinal relative risk for atopy or allergic illnesses related to exposure to whole cell 

pertussis vaccine as the first dose is shown in Table 1.  wP vaccine was not associated with a 

reduced risk of allergic illnesses and when relative risk estimates were adjusted for sex and 

breastfeeding, wP as the first dose was associated with an increased risk of peanut sensitization at 

5, 8 and 11.5 years of age.  However, none of the associations was significant after adjustment for 

trial intervention status.
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Comparison between children who received any doses of wP vaccine vs children who received aP 

vaccine for all doses is presented in Table 2. As for the first dose analysis, wP vaccine was 

associated with an increased risk of peanut sensitization at 5, 8 and 11.5 years of age and 

additionally this association still reached statistical significance after adjustment for sex, 

breastfeeding greater than or equal to six months and allocation to the house dust mite (HDM) and 

diet interventions. 

The results were inconsistent for outcomes measured at 18 months, 3 years and 14 years, and 

because we had fewer positive tests in the earlier years and loss to follow up was greater in the 

older year we did not want to over interpret statistically significant results(online repository Tables 

3 and 4). We also compared a subset of children who received the first 3 doses of wP vs. first three 

doses of aP (online repository Table 5). The results showed a statistically significant association 

with peanut across ages, and with any aeroallergen but only in the early ages.

In summary, among children born to families with a strong history of asthma between 1997 and 

2000 and prospectively studied for more than 10 years, our post hoc analysis did not support the 

hypothesis that the move from wP to aP was associated with increased risk of aeroallergen allergy, 

asthma, eczema or rhinitis.  Our findings are similar to those from an unselected birth cohort 

reported from the Isle of Wight recruited in 2001-2002 and followed to 10 years of age 8 and a 

cohort of Polish children followed to six years of age 9. Limitations of our analysis include that the 

Childhood Asthma Prevention Study was primarily designed to evaluate aeroallergens, did not 

prospectively collect data on the type of pertussis vaccine received, so we relied on register-

recorded data, and sample size was limited. However, skin prick tests for peanut and egg 

sensitivity were standardized and for all measures examined, the width of the confidence intervals 

provides some guidance of the magnitude of the effects excluded. Importantly, the direction of 

effect is at odds with recently published Australian research showing that children who received 

wP containing vaccines had a lower risk of food allergy 10. These divergent findings emphasize the 

importance of the Australian trial currently underway comparing allergic markers among infants 

randomized to receive their first dose as whole cell or acellular pertussis vaccine 11.
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Table 1

Comparison of atopy and allergic illness in children who received first dose of wP vs aP

Outcome First dose 

wP

n/N (%)

First dose 

aP

n/N (%)

Longitudinal 

Relative Risk

(95% CI)

P 

value#

Adjusted* 

Relative Risk

(95% CI)

P 

value

Adjusted$

Relative Risk

(95%CI)

P 

value

Positive SPT to any aeroallergen^ 

to 5 years

107/263 

(40.7%)

65/180 

(36.1%)

1.39

(0.97, 2.00)

0.07 1.47 

(1.02, 2.11) 

0.039 1.41 

(0.98, 5.56)

0.06

Positive SPT to any aeroallergen^ 

to 8 years

105/205 

(51.2%)

69/159 

(43.4%)

1.30

(0.91, 1.85)

0.15 1.37

(0.96, 1.96)

0.085 1.31 

(0.92, 1.88)

0.14

Positive SPT to any aeroallergen^ 

to 11.5 years

106/166 

(63.9%)

49/102 

(48.0%)

1.38

(0.97, 1.97)

0.07 1.47

(1.03, 2.09)

0.035 1.39 

(0.98, 1.98)

0.07

Positive SPT to peanut allergen to 

5 years

21/263 

(8.0%)

7/180 

(3.9%)

2.27

(0.96, 5.38)

0.06 2.44

(1.02, 5.87)

0.046 2.33 

(0.98, 5.56)

0.06

Positive SPT to peanut allergen to 

8 years

15/202 

(7.4%)

11/158 

(7.0%)

2.03

(0.95, 4.36)

0.07 2.18

(1.00, 4.76)

0.049 2.05 

(0.95, 4.42)

0.07

Positive SPT to peanut allergen to 

11.5 years

13/165 

(7.9%)

7/96 

(7.3%)

2.09

(0.97, 4.51)

0.06 2.22

(1.01, 4.86)

0.047 2.09 

(0.96, 4.55)

0.06
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Positive SPT to egg allergen to 5 

years

19/262 

(7.3%)

14/180 

(7.8%)

1.12

 (0.57, 2.23)

0.74 1.24

(0.61, 2.51)

0.55 3.66 

(0.79, 16.96)

0.80

Positive SPT to egg allergen to 8 

years

17/204 

(8.3%)

12/158 

(7.6%)

1.02

 (0.85, 1.23)

0.82 1.30

(0.66, 2.58)

0.45 1.12 

(0.67, 1.90)

0.65

Positive SPT to egg allergen to 

11.5 years

14/167 

(8.4%)

6/102 

(5.9%)

1.14

(0.59, 2.22)

0.69 1.26

(0.64, 2.50)

0.50 1.11 

(0.57, 2.17) 0.75

Current asthma to 5 years 86/278 

(30.9%)

58/190 

(30.5%)

0.99

(0.66, 1.48)

0.95 0.98

(0.65, 1.48)

0.93 1.00 

(0.66, 1.50)

0.99

Current asthma to 8 years 88/234 

(37.6%)

58/174 

(33.3%)

1.09

(0.74, 1.62)

0.65 1.09

(0.74, 1.63)

0.66 1.10 

(0.74, 1.64)

0.62

Current asthma to 11.5 years 86/210 

(41.0%)

44/128 

(34.4%)

1.10

(0.74, 1.63)

0.64 1.11

(0.75, 1.66)

0.60 1.10 

(0.74, 1.64)

0.62

Current eczema to 5 years 128/275 

(46.6%)

76/189 

(40.2%)

1.43

(1.00, 2.05)

0.051 1.43

(0.99, 2.06)

0.055 1.37 

(0.95, 1.97)

0.09

Current eczema to 8 years 105/224 

(46.9%)

71/164 

(43.3%)

1.33

(0.93, 1.90)

0.12 1.31

(0.91, 1.88)

0.15 1.27 

(0.89, 1.82)

0.19

Current eczema to 11.5 years 87/171 46/105 1.27 0.19 1.26 0.22 1.21 0.29
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(50.9%) (43.8%) (0.89, 1.83) (0.87, 1.81) (0.85, 1.75)

Current rhinitis to 5 years 209/278 

(75.2%)

143/190 

(75.3%)

0.84

(0.65, 1.10)

0.21 0.84

(0.64, 1.10)

0.20 0.84 

(0.64, 1.10)

0.20

Current rhinitis to 8 years 189/234 

(80.8%)

135/172 

(78.5%)

0.88

(0.70, 1.12)

0.32 0.87

(0.69, 1.11)

0.28 0.88 

(0.69, 1.12)

0.30

Current rhinitis to 11.5 years 179/210 

(85.3%)

104/128 

(81.3%)

0.96

(0.76, 1.21)

0.73 0.95

(0.76, 1.20)

0.68 0.95 

(0.76, 1.20)

0.69

Mean difference 

95%CI

Mean difference 

95%CI

Mean difference 

95%CI

Log total IgE at 5 years (mean, 

SD)

4.2 (1.6) 4.4 (1.3) -0.191 

(-0.439, 0.0574)

0.13 -0.158 (-0.405, 

0.089)

0.21 -0.176 

(-0.424, 0.072)

0.16

Log total IgE at 8 years (mean, 

SD)

4.7 (1.6) 4.7 (1.6) -0.186 

(-0.436, 0.063)

0.14 -0.154 

(-0.403, 0.095)

0.23 -0.172 

(-0.422, 0.078)

0.18

Log total IgE at 11.5 years (mean, 

SD)

5.1 (1.5) 5.0 (1.5) -0.156 

(-0.407, 0.095)

0.22 -0.124 

(-0.375, 0.127)

0.33 -0.143 

(-0.394, 0.109)

0.27

* adjusted for sex and breastfeeding ≥ 6 months

^ aeroallergens tested: Dermatophagoides pteronyssinus (HDM), cockroach, cat, Alternaria alternata, rye grass, and grass mix; plus dog and 

aspergillus at 8 and 11.5 years
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# P-value from a hierarchical log-binomial regression model with individuals treated as random intercepts.

$ adjusted for intervention type, HDM and Diet

Mean difference = mean of log total IgE in the first dose wp group - mean of log total IgE in the first dose ap group. Total IgE had a skewed 

distribution and was log transformed. 
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Table 2

Comparison of atopy and allergic illness in children who received any dose of wP vs no dose of wP

Outcome Any dose 

wP

n/N (%)

No dose of 

wP

n/N (%)

Longitudinal 

Relative Risk

(95% CI)

P value# Adjusted* 

Relative Risk

(95% CI)

P 

value

Adjusted$

Relative Risk

(95%CI)

P 

value

Positive SPT to any aeroallergen^ 

to 5 years

117/292 

(40.1%)

55/151 

(36.4%)

1.34

(0.92, 1.95)

0.13 1.41

(0.97, 2.06)

0.07 1.35 

(0.93, 1.98)

0.11

Positive SPT to any aeroallergen^ 

to 8 years

112/227 

(49.3%)

62/137 

(45.3%)

1.20

(0.83, 1.74)

0.33 1.27

(0.88, 1.84)

0.20 1.21 

(0.84, 1.76)

0.30

Positive SPT to any aeroallergen^ 

to 11.5 years

112/184 

(60.9%)

43/84 

(51.2%)

1.26

(0.87, 1.81)

0.22 1.34

(0.92, 1.93)

0.12 1.26 

(0.87, 1.82)

0.21

Positive SPT to peanut allergen to 

5 years

23/292 

(7.9%)

5/151

(3.3%)

3.06

(1.14, 8.22)

0.027 3.30

(1.21, 9.01)

0.020 3.22 

(1.17, 8.84)

0.023

Positive SPT to peanut allergen to 

8 years

18/224 

(8.0%)

8/136 

(5.9%)

2.69

(1.14, 6.34)

0.024 2.90

(1.21, 6.95)

0.017 2.77 

(1.16, 6.61)

0.022

Positive SPT to peanut allergen to 

11.5 years

15/183 

(8.2%)

5/78 

(6.4%)

2.79

(1.17, 6.64)

0.021 2.97

(1.23, 7.18)

0.016 2.86 

(1.18, 6.90)

0.020
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Positive SPT to egg allergen to 5 

years

21/291 

(7.2%)

12/151 

(8.0%)

1.14

(0.56, 2.32)

0.72 1.25

(0.60, 2.61)

0.54 1.10 

(0.53, 2.25)

0.80

Positive SPT to egg allergen to 8 

years

18/226 

(8.0%)

11/136 

(8.1%)

1.17

(0.68, 2.01)

0.57 1.29

(0.63, 2.62)

0.48 1.14

(0.66, 1.96)

0.65

Positive SPT to egg allergen to 

11.5 years

15/185 

(8.1%)

5/84 

(6.0%)

1.14

(0.57, 2.26)

0.72 1.24

(0.61, 2.53)

0.54 1.10 

(0.55, 2.19)

0.80

Current asthma to 5 years 96/308 

(31.2%)

48/160 

(30.0%)

1.01

(0.67, 1.54)

0.95 1.005

(0.66, 1.54)

0.98 1.02 

(0.67, 1.56)

0.91

Current asthma to 8 years 96/261 

(36.8%)

50/147 

(34.0%)

1.08

(0.72, 1.63)

0.70 1.08

(0.71, 1.63)

0.72 1.09 

(0.72, 1.65)

0.68

Current asthma to 11.5 years 91/232 

(39.2%)

39/106 

(36.8%)

1.07

(0.71, 1.61)

0.75 1.08

(0.72, 1.63)

0.71 1.07 

(0.71, 1.62)

0.73

Current eczema to 5 years 136/305 

(44.6%)

68/159 

(42.8%)

1.24

(0.85, 1.80)

0.26 1.24

(0.85, 1.80)

0.27 1.18 

(0.81, 1.71)

0.39

Current eczema to 8 years 112/247 

(45.3%)

64/141 

(45.4%)

1.17

(0.80, 1.69)

0.42 1.15

(0.79, 1.67)

0.47 1.11 

(0.77, 1.61)

0.58

Current eczema to 11.5 years 92/189 41/87 1.13 0.53 1.11 0.57 1.07 0.73
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(48.7%) (47.1%) (0.78, 1.64) (0.76, 1.62) (0.74, 1.55)

Current rhinitis to 5 years 234/308 

(76.0%)

118/160 

(73.8%)

0.96

(0.73, 1.27)

0.78 0.96

(0.72, 1.26)

0.75 0.96 

(0.73, 1.26)

0.75

Current rhinitis to 8 years 211/261 

(80.8%)

113/145 

(77.9%)

0.996

(0.78, 1.28)

0.97 0.98

(0.77, 1.26)

0.90 0.99 

(0.77, 1.27)

0.94

Current rhinitis to 11.5 years 198/232 

(85.34)

85/106 

(80.2%)

1.06

(0.84, 1.35)

0.63 1.05

(0.83, 1.34)

0.68 1.05 

(0.83, 1.34)

0.67

Mean

Difference 

95%CI

Mean

Difference 

95%CI

Mean

Difference 

95%CI

Log total IgE at 5 years (mean, SD) 4.2 (1.6) 4.4 (1.3) -0.147 

(-0.404, 0.111)

0.26 -0.112 

(-0.369, 0.144)

0.39 -0.129

(-0.387, 0.129)

0.33

Log total IgE at 8 years (mean, SD) 4.7 (1.6) 4.7 (1.6) -0.163 

(-0.421, 0.096)

0.22 -0.128 

(-0.386, 0.130)

0.33 -0.146 

(-0.405, 0.113)

0.27

Log total IgE at 11.5 years (mean, 

SD)

5.0 (1.5) 5.1 (1.6) -0.12 

(-0.38, 0.14)

0.37 -0.085 

(-0.345, 0.175)

0.52 -0.105 

(-0.365, 0.156)

0.43

* adjusted for sex and breastfeeding ≥ 6 months

^ aeroallergens tested: Dermatophagoides pteronyssinus (HDM), cockroach, cat, Alternaria alternata, rye grass, and grass mix; plus dog and 

aspergillus at 8 and 11.5 years
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# P-value from a hierarchical log-binomial regression model with individuals treated as random intercepts.

$ adjusted for intervention type, HDM and Diet

Mean difference = mean of log total IgE in the any dose of wp group - mean of log total IgE in the no dose of wp group. Total IgE had a skewed 

distribution and was log transformed.
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Table 3

Comparison of atopy and allergic illness in children who received first dose of wP vs aP.
Outcomes for years 1.5, 3 and 14& only.

Outcome First dose
wP

n/N (%)

First dose
aP

n/N (%)

Longitudinal
Relative Risk

(95% CI)

P
value#

Adjusted*
Relative Risk

(95% CI)

P
value

Adj$

Rel Risk
(95%CI)

P
value

Positive SPT to any
aeroallergen^ to 1.5 years

24/282
(8.5%)

10/199
(5.0%)

1.76
(0.82, 3.78)

0.1476 1.88
(0.87, 4.07)

0.1106 1.72
(0.80, 3.72)

0.1635

Positive SPT to any
aeroallergen^ to 3 years

70/280
(25.0%)

31/192
(16.2%)

1.73
(1.12, 2.67)

0.0140 1.84
(1.18, 2.86)

0.0069 1.76
(1.13, 2.72)

0.0118

Positive SPT to any
aeroallergen^ to 14 years

78/116
(67.3%)

39/68
(57.4%)

1.42
(1.00, 2.12)

0.0484 1.51
(1.06, 2.16)

0.0220 1.43
(1.00, 2.04)

0.0474

Positive SPT to peanut allergen
to 1.5 years

15/282
(5.3%)

5/199
(2.5%)

2.18
(0.78, 6.12)

0.1389 2.33
(0.82, 6.62)

0.1109 2.22
(0.79, 6.27)

0.1308

Positive SPT to peanut allergen
to 3 years

16/280
(5.7%)

4/192
(2.1%)

2.40
(0.99, 5.79)

0.0518 2.55
(1.04, 6.25)

0.0410 2.44
(1.00, 5.92)

0.0493

Positive SPT to egg allergen to
1.5 years

18/282
(6.4%)

10/199
(5.0%)

1.29
(0.58, 2.86)

0.5331 1.39
(0.62, 3.14)

0.4240 1.27
(0.57, 2.84)

0.5578

Positive SPT to egg allergen to
3 years

8/280
(2.9%)

6/192
(3.1%)

1.11
(0.55, 2.22)

0.7685 1.22
(0.60, 2.49)

0.5779 1.09
(0.54, 2.20)

0.8008

Positive SPT to egg allergen to
14 years

1/177
(0.9%)

1/68
(1.5%)

1.11
(0.58, 2.15)

0.7497 1.21
(0.61, 2.38)

0.5862 1.08
(0.55, 2.10)

0.8231

Current asthma to 1.5 years 41/293
(14.0%)

23/203
(11.3%)

1.27
(0.74, 2.20)

0.3865 1.29
(0.74, 2.24)

0.3689 1.27
(0.73, 2.21)

0.3896

Current asthma to 3 years 56/284
(19.7%)

41/196
(20.9%)

1.05
(0.68, 1.63)

0.8240 1.05
(0.68, 1.64)

0.8170 1.06
(0.68, 1.65)

0.7949

Current asthma to 14 years 36/188 19/132 1.12 0.5604 1.14 0.5152 1.13 0.5515
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(19.2%) (14.4%) (0.76, 1.66) (0.77, 1.69) (0.76, 1.67)

Current eczema to 1.5 years 100/285
(35.1%)

47/200
(23.5%)

1.76
(1.17, 2.65)

0.0069 1.75
(1.15, 2.65)

0.0084 1.71
(1.13, 2.59)

0.0107

Current eczema to 3 years 77/280
(27.5%)

47/195
(24.1%)

1.48
(1.03, 2.12)

0.0327 1.48
(1.03, 2.13)

0.0356 1.43
(0.99, 2.05)

0.0544

Current eczema to 14 years 22/121
(18.2%)

14/73
(19.2%)

1.23
(0.86, 1.78)

0.2603 1.21
(0.84, 1.76)

0.3025 1.18
(0.81, 1.70)

0.3855

Current rhinitis to 1.5 years 154/291
(52.9%)

107/202
(53.0%)

1.00
(1.17, 2.65)

0.9914 0.96
(0.67, 1.39)

0.8355 0.997
(0.69, 1.43)

0.9876

Current rhinitis to 3 years 119/284
(41.9%)

96/196
(49.0%)

0.87
(0.64, 1.16)

0.3344 0.86
(0.64, 1.16)

0.3153 0.86
(0.64, 1.16)

0.3317

Current rhinitis to 14 years 72/188
(38.3%)

45/132
(34.1%)

0.98
(0.78, 1.24)

0.8723 0.97
(0.77, 1.23)

0.8092 0.97
(0.77, 1.23)

0.8065

Mean
difference

95%CI

Mean
difference

95%CI

Mean
difference

95%CI
Log total IgE at 1.5 years
(mean, SD)

2.92 (1.35) 3.29 (1.31) -0.37 (-0.66, -
0.08)

0.0126 -0.34 (-0.63, -
0.06)

0.0196 -0.35 (-0.65, -
0.062)

0.0176

Log total IgE at 3 years
(mean, SD)

3.58 (1.59) 3.57 (1.44) -0.19 (-0.46,
0.07)

0.1446 -0.16 (-0.41,
0.10)

0.2369 -0.18 (-0.44,
0.08)

0.1739

Log total IgE at 14 years
(mean, SD)

5.17 (1.64) 5.00 (1.46) -0.13 (-0.38,
0.13)

0.3250 -0.094 (-0.35,
0.16)

0.4684 -0.12 (-0.37,
0.14)

0.3727

* adjusted for sex and breastfeeding ≥ 6 months
^ aeroallergens tested: Dermatophagoides pteronyssinus (HDM), cockroach, cat, Alternaria alternata, rye grass, and grass mix; plus dog and
aspergillus at 8 and 11.5 years
# P-value from a hierarchical log-binomial regression model with individuals treated as random intercepts.
$ adjusted for intervention type, HDM and Diet
& Peanut allergy by skin prick test not done at 14 years
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Mean difference = mean of log total IgE in the first dose wp group - mean of log total IgE in the first dose ap group. Total IgE had a skewed
distribution and was log transformed.
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Table 4

Comparison of atopy and allergic illness in children who received any dose of wP vs no dose of wP
Outcomes for: 1.5, 3 and 14& years

Outcome Any dose
wP

n/N (%)

No dose of
wP

n/N (%)

Longitudinal
Relative Risk

(95% CI)

P value# Adjusted*
Relative Risk

(95% CI)

P
value

Adj$

Rel Risk
(95%CI)

P
value

Positive SPT to any aeroallergen^
to 1.5 years

26/313
(8.3%)

8/168
(4.8%)

1.81
(0.80, 3.18)

0.1545 1.95
(0.85, 4.47)

0.1135 1.77
(0.78, 4.03)

0.1731

Positive SPT to any aeroallergen^
to 3 years

79/310
(25.5%)

29/162
(17.9%)

1.62
(1.03, 2.54)

0.0385 1.72
(1.08, 2.73)

0.0205 1.65
(1.04, 2.60)

0.0329

Positive SPT to any aeroallergen^
to 14 years

82/128
(64.1%)

35/56
(62.5%)

1.27
(0.88, 1.83)

0.1952 1.35
(0.94, 1.96)

0.1047 1.28
(0.88, 1.85)

0.1917

Positive SPT to peanut allergen to
1.5 years

17/313
(5.4%)

3/68
(1.8%)

3.16
(0.91, 10.98)

0.0704 3.42
(0.98, 12.02)

0.0547 3.24
(0.93, 11.33)

0.0654

Positive SPT to peanut allergen to
3 years

23/310
(7.4%)

4/162
(2.5%)

3.46
(1.21, 9.92)

0.0210 3.72
(1.28, 10.84)

0.0160 3.60
(1.24, 10.47)

0.0190

Positive SPT to egg allergen to
1.5 years

20/313
(6.4%)

8/168
(4.8%)

1.37
(0.59, 3.18)

0.4700 1.50
(0.63, 3.55)

0.3546 1.35
(0.58, 3.17)

0.4876

Positive SPT to egg allergen to 3
years

22/310
(7.1%)

12/162
(7.4%)

1.14
(0.55, 2.36)

0.7153 1.26
(0.60, 2.65)

0.5351 1.12
(0.54, 2.33)

0.7547

Positive SPT to egg allergen to 14
years

12/129
(9.3%)

4/56
(7.1%)

1.10
(0.55, 2.18)

0.7904 1.18
(0.58, 2.39)

0.6410 1.06
(0.53, 2.11)

0.8782

Current asthma to 1.5 years 42/324
(13.0%)

22/172
(12.8%)

1.02
(0.58, 1.77)

0.9567 1.02
(0.58, 1.79)

0.9419 1.01
(0.58, 1.77)

0.9682

Current asthma to 3 years 72/315
(22.9%)

36/165
(21.8%)

1.06
(0.67, 1.67)

0.7983 1.06
(0.67, 1.68)

0.8020 1.07
(0.68, 1.69)

0.7685

Current asthma to 14 years 83/208
(39.9%)

46/112
(41.1%)

1.08
(0.74, 1.58)

0.7041 1.09
(0.73, 1.65)

0.6584 1.08
(0.72, 1.63)

0.6970
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Current eczema to 1.5 years 103/315
(32.7%)

44/170
(25.9%)

1.39
(0.92, 2.11)

0.1213 1.38
(0.90, 2.11)

0.1374 1.35
(0.88, 2.05)

0.1689

Current eczema to 3 years 126/311
(40.5%)

62/164
(37.8%)

1.21
(0.84, 1.76)

0.3094 1.21
(0.83, 1.76)

0.3258 1.16
(0.80, 1.69)

0.4299

Current eczema to 14 years 63/133
(47.4%)

28/61
(45.9%)

1.08
(0.74, 1.58)

0.6768 1.07
(0.73, 1.56)

0.7393 1.03
(0.70, 1.50)

0.8825

Current rhinitis to 1.5 years 176/322
(54.7%)

85/171
(49.7%)

1.22
(0.84, 1.77)

0.2963 1.18
(0.81, 1.72)

0.3963 1.22
(0.84, 1.78)

0.2959

Current rhinitis to 3 years 214/315
(67.94%)

109/165
(66.1%)

0.99
(0.73, 1.34)

0.9268 0.98
(0.72, 1.33)

0.8977 0.99
(0.73, 1.34)

0.9241

Current rhinitis to 14 years 181/208
(87.0%)

92/112
(82.1%)

1.07
(0.84, 1.36)

0.5916 1.06
(0.83, 1.35)

0.6512 1.06
(0.83, 1.35)

0.6497

Mean
difference

95%CI

Mean
difference

95%CI

Mean
difference

95%CI
Log total IgE at 1.5 years
(mean, SD)

3.00 (1.38) 3.21 (1.27) -0.22 (-0.52,
0.09)

0.1622 -0.18 (-0.48,
0.12)

0.2415 -0.19 (-0.50,
0.11)

0.2144

Log total IgE at 3 years
(mean, SD)

3.59 (1.57) 3.54 (1.43) -0.10 (-0.37,
0.17)

0.4538 -0.06 (-0.33,
0.21)

0.6528 -0.088 (-0.36,
0.18)

0.5235

Log total IgE at 14 years
(mean, SD)

5.11 (1.63) 5.10 (1.45) -0.10 (-0.36,
0.16)

0.4580 -0.06 (-0.33,
0.20)

0.6404 -0.086 (-0.35,
0.18)

0.5288

* adjusted for sex and breastfeeding ≥ 6 months
^ aeroallergens tested: Dermatophagoides pteronyssinus (HDM), cockroach, cat, Alternaria alternata, rye grass, and grass mix; plus dog and
aspergillus at 8 and 11.5 years
# P-value from a hierarchical log-binomial regression model with individuals treated as random intercepts.
$ adjusted for intervention type, HDM and Diet
& Peanut allergy by skin prick test not done at 14 years
Mean difference = mean of log total IgE in the any dose of wp group - mean of log total IgE in the no dose of wp group. Total IgE had a skewed
distribution and was log transformed.
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Table 5

Comparison of atopy and allergic illness in children who received the first 3 doses of wP vs. first three doses of aP

Outcome All doses
wP

n/N (%)

All doses
aP

n/N (%)

Longitudinal
Relative Risk

(95% CI)

P
value#

Adjusted*
Relative Risk

(95% CI)

P
value

Adjusted$

Relative Risk
(95%CI)

P
value

Positive SPT to any
aeroallergen^ to 1.5 years

20/170
(11.8%)

7/145
(4.8%)

2.63
(1.07, 6.44)

0.0347 2.71
(1.10, 6.71)

0.0311 2.55
(1.04, 6.29)

0.0418

Positive SPT to any
aeroallergen^ to 3 years

52/171
(30.4%)

24/140
(17.1%)

2.17
(1.29, 3.66)

0.0037 2.30
(1.36, 3.92)

0.0021 2.24
(1.32, 3.80)

0.0029

Positive SPT to any
aeroallergen^ to 5 years

71/160
(44.4%)

47/130
(36.2%)

1.67
(1.08, 2.59)

0.0207 1.77
(1.14, 2.75)

0.0115 1.69
(1.09, 2.62)

0.0195

Positive SPT to any
aeroallergen^ to 8 years

62/121
(51.2%)

54/116
(46.6%)

1.40
(0.91, 2.16)

0.1224 1.50
(0.97, 2.31)

0.0695 1.41
(0.91, 2.17)

0.1196

Positive SPT to any
aeroallergen^ to 11.5 years

63/99
(63.6%)

39/75
(52.0%)

1.41
(0.92, 2.16)

0.1094 1.52
(0.99, 2.32)

0.0570 1.43
(0.93, 2.19)

0.1026

Positive SPT to any
aeroallergen^ to 14 years

47/74
(63.5%)

31/50
(62.0%)

1.43
(0.93, 2.19)

0.1003 1.54
(1.00, 2.36)

0.0492 1.44
(0.94, 2.22)

0.0934

Positive SPT to peanut allergen
to 1.5 years

10/170
(5.9%)

3/145
(2.1%)

2.96
(0.79, 11.04)

0.1063 3.17
(0.84, 0.28)

0.0892 3.19
(0.84, 12.08)

0.0873

Positive SPT to peanut allergen
to 3 years

13/171
(7.6%)

3/140
(2.1%)

3.64
(1.09, 12.23)

0.0365 4.14
(1.19, 14.44)

0.0260 4.27
(1.21, 15.10)

0.0243

Positive SPT to peanut allergen
to 5 years

13/160
(8.1%)

4/130
(3.1%)

2.86
(0.96, 8.49)

0.0580 3.30
(1.07, 10.15)

0.0372 3.49
(1.11, 10.96)

0.0321

Positive SPT to peanut allergen
to 8 years

9/120
(7.5%)

6/115
(5.2%)

2.81
(1.08, 7.29)

0.0337 3.24
(1.21, 8.69)

0.0196 3.18
(1.19, 8.50)

0.0210

Positive SPT to peanut allergen
to 11.5 years

6/99
(6.1%)

4/70
(5.7%)

2.96
(1.41, 6.22)

0.0043 3.28
(1.20, 8.95)

0.0203 3.26
(1.20, 8.85)

0.0204
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Positive SPT to egg allergen to
1.5 years

7/170
(4.1%)

7/145
(4.8%)

0.85
(0.29, 2.49)

0.7617 0.84
(0.28, 2.52)

0.7484 0.88
(0.30, 2.62)

0.8247

Positive SPT to egg allergen to
3 years

8/171
(4.7%)

10/140
(7.1%)

0.73
(0.29, 1.88)

0.5189 0.74
(0.28, 1.94)

0.5364 0.75
(0.29, 1.93)

0.5460

Positive SPT to egg allergen to
5 years

8/160
(5.0%)

10/130
(7.7%)

0.74
(0.29, 1.87)

0.5248 0.73
(0.29, 1.93)

0.5282 0.75
(0.29, 1.92)

0.5509

Positive SPT to egg allergen to
8 years

4/120
(3.3%)

9/116
(7.8%)

0.85
(0.42, 1.72)

0.6536 0.90
(0.35, 2.32)

0.8283 0.85
(0.42, 1.73)

0.6528

Positive SPT to egg allergen to
11.5 years

5/99
(5.1%)

4/75
(5.3%)

0.88
(0.36, 2.17)

0.7799 0.89
(0.35, 2.28)

0.8018 0.89
(0.36, 2.22)

0.8025

Positive SPT to egg allergen to
14 years

4/75
(5.3%)

3/50
(6.0%)

0.88
(0.35, 2.15)

0.7574 0.87
(0.34, 2.23)

0.7678 0.88
(0.35, 2.20)

0.7787

Current asthma to 1.5 years 28/178
(15.7%)

20/149
(13.4%)

1.20
(0.64, 2.25)

0.5590 1.20
(0.64, 2.25)

0.5749 1.18
(0.63, 2.21)

0.6023

Current asthma to 3 years 42/173
(24.3%)

30/143
(21.0%)

1.25
(0.73, 2.16)

0.4127 1.25
(0.72, 2.16)

0.4244 1.24
(0.72, 2.14)

0.4432

Current asthma to 5 years 55/169
(32.5%)

40/138
(29.0%)

1.14
(0.69, 1.89)

0.5996 1.14
(0.68, 1.89)

0.6229 1.12
(0.68, 1.86)

0.6604

Current asthma to 8 years 53/139
(38.1%)

41/126
(32.5%)

1.18
(0.72, 1.92)

0.5140 1.18
(0.72, 1.94)

0.5057 1.15
(0.70, 1.87)

0.5862

Current asthma to 11.5 years 55/128
(43.0%)

35/95
(36.8%)

1.12
(0.69, 1.82)

0.6511 1.14
(0.70, 1.87)

0.5897 1.09
(0.67, 1.78)

0.7187

Current asthma to 14 years 46/115
(40.0%)

39/97
(40.2%)

1.07
(0.70, 1.65)

0.7679 1.10
(0.68, 1.79)

0.6933 1.05
(0.65, 1.70)

0.8372

Current eczema to 1.5 years 60/170
(35.3%)

39/147
(26.5%)

1.51
(0.93, 2.46)

0.0960 1.50
(0.91, 2.45)

0.1086 1.48
(0.90, 2.42)

0.1180

Current eczema to 3 years 72/171
(42.1%)

56/142
(39.4%)

1.29
(0.84, 1.98)

0.2390 1.30
(0.84, 2.02)

0.2314 1.27
(0.82, 1.95)

0.2801

Current eczema to 5 years 76/167 61/137 1.31 0.2135 1.33 0.1895 1.29 0.2473
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(45.5%) (44.5%) (0.86, 2.01) (0.87, 2.06) (0.84, 1.97)
Current eczema to 8 years 61/133

(45.9%)
57/120
(47.5%)

1.21
(0.80, 1.83)

0.3748 1.22
(0.80, 1.86)

0.3619 1.19
(0.78, 1.81)

0.4192

Current eczema to 11.5 years 51/102
(50.0%)

39/78
(50.0%)

1.15
(0.75, 1.76)

0.5205 1.16
(0.76, 1.79)

0.4919 1.13
(0.74, 1.74)

0.5716

Current eczema to 14 years 36/76
(47.4%)

27/55
(49.1%)

1.07
(0.70, 1.65)

0.7430 1.08
(0.70, 1.67)

0.7274 1.06
(0.69, 1.63)

0.7948

Current rhinitis to 1.5 years 88/176
(50.0%)

78/148
(52.7%)

0.90
(0.58, 1.39)

0.6292 0.87
(0.56, 1.36)

0.5349 0.91
(0.58, 1.42)

0.6657

Current rhinitis to 3 years 112/173
(64.4%)

98/143
(68.5%)

0.75
(0.53, 1.06)

0.1057 0.74
(0.52, 1.06)

0.1052 0.75
(0.52, 1.06)

0.1046

Current rhinitis to 5 years 127/169
(75.2%)

107/138
(77.5%)

0.75
(0.55, 1.02)

0.0633 0.75
(0.55, 1.01)

0.0607 0.75
(0.55, 1.01)

0.0592

Current rhinitis to 8 years 114/139
(82.0%)

101/124
(81.4%)

0.82
(0.62, 1.07)

0.1466 0.81
(0.61, 1.07)

0.1333 0.81
(0.62, 1.07)

0.1409

Current rhinitis to 11.5 years 111/128
(86.7%)

80/95
(84.2%)

0.88
(0.68, 1.15)

0.3556 0.88
(0.68, 1.15)

0.3518 0.89
(0.68, 1.15)

0.3612

Current rhinitis to 14 years 103/115
(89.6%)

83/97
(85.6%)

0.90
(0.69, 1.18)

0.4415 0.89
(0.68, 1.17)

0.4072 0.90
(0.69, 1.18)

0.4532

Mean
difference

95%CI

Mean
difference

95%CI

Mean
difference

95%CI
Log total IgE at 1.5 years
(mean, SD)

2.87 (1.40) 3.16 (1.28) -0.29
(-0.65, 0.08)

0.1202 -0.25
(-0.61, 0.11)

0.1710 -0.26
(-0.62, 0.10)

0.1600

Log total IgE at 3 years
(mean, SD)

3.58 (1.63) 3.46 (1.46) -0.12
(-0.44, 0.21)

0.4850 -0.069
(-0.39, 0.25)

0.6723 -0.10
(-0.43, 0.22)

0.5317

Log total IgE at 5 years
(mean, SD)

4.12 (1.62) 4.37 (1.27) -0.17
(-0.48, 0.14)

0.2888 -0.13
(-0.43, 0.18)

0.4134 -0.15
(-0.46, 0.16)

0.3326

Log total IgE at 8 years
(mean, SD)

4.66 (1.63) 4.73 (1.65) -0.17
(-0.48, 0.14)

0.2756 -0.13
(-0.44, 0.18)

0.3988 -0.16
(-0.47, 0.15)

0.3102

Log total IgE at 11.5 years 5.04 (1.59) 5.10 (1.66) -0.14 0.3661 -0.10 0.5211 -0.13 0.4051
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(mean, SD) (-0.46, 0.17) (-0.41, 0.21) (-0.45, 0.18)
Log total IgE at 14 years
(mean, SD)

5.09 (1.69) 5.17 (1.51) -0.12
(-0.44, 0.20)

0.4526 -0.078
(-0.3.9, 0.24)

0.6320 -0.11
(-0.43, 0.21)

0.4862

* adjusted for sex and breastfeeding ≥ 6 months
^ aeroallergens tested: Dermatophagoides pteronyssinus (HDM), cockroach, cat, Alternaria alternata, rye grass, and grass mix; plus dog and
aspergillus at 8 and 11.5 years
# P-value from a hierarchical log-binomial regression model with individuals treated as random intercepts.
$ adjusted for intervention type, HDM and Diet
Peanut allergy by skin prick test not done at 14 years
Mean difference = mean of log total IgE in the any dose of wp group - mean of log total IgE in the no dose of wp group. Total IgE had a skewed
distribution and was log transformed.
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