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Family structure, neonatal infection, and hay fever
in adolescence

David P Strachan, ElizabethM Taylor, Robert G Carpenter

Abstract
Objective-To determine whether in-
creased numbers of siblings and infection
in early life protect against allergic sensi-
tisation.
Design-Historical cohort study.
Setting-Sheffield, UK.
Subjects-1 765 children aged 11-16 years
for whom a history of neonatal infectious
illness had been recorded systematically
at 1 month of age.
Methods-A history ofhay fever and fam-
ily structure was obtained by postal ques-
tionnaire; neonatal illness history was
ascertained from health visitor records;
723 children underwent skin prick testing
with mixed grass pollen extract.
Results-The prevalence of hay fever was
reduced (p<0O0001) among children of
younger mothers, and those from larger
families. The number of older siblings
exerted a stronger independent effect than
the number ofyounger siblings (p<0O001).
Infants breast fed exclusively during the
first month were at higher risk (p<005)
of subsequent hay fever, independent of
demographic factors. Adolescents at
high risk of hay fever by virtue of their
family structure were more likely to be
sensitised to grass pollen (p<0002). No
significant relations emerged between
hay fever and infection in the first month
of life, even among children born in
June.
Conclusions-The association ofhay fever
with family structure is not due to report-
ing bias and reflects an environmental
influence on allergic sensitisation. The
effects of sibship size, birth order, and
infant feeding are consistent with a pro-
tective influence of postnatal infection.
The first month of life and the first post-
natal exposure to allergen are not the
critical periods during which this protec-
tive effect is determined.
(Arch Dis Child 1996; 74: 422-426)

Keywords: hay fever, allergy, neonatal infection, infant
feeding.

Children from large families are at reduced risk
of developing hay fever,1 2 eczema,1 2 and aller-
gic sensitisation to common aeroallergens.34
The observation that older siblings appear to
exert a stronger protective effect than younger
siblings1-3 led to speculation that infection
acquired by household contact in early child-
hood might protect against allergic sensitisa-
tion. l 5

Recent advances in our understanding of T
lymphocyte differentiation6 have suggested a
possible mechanism for such a protective effect.
Production of immunoglobulin E responses
and symptomatic atopic disease are associated
with the presence of allergen specific T helper 2
(Th2) cells, whereas in non-atopic individuals
non-pathogenic responses to the same antigens
are mediated by T helper 1 (Th1) cells. ThI
and Th2 cells develop in early life from uncom-
mitted precursors and the direction of differen-
tiation can be influenced by the levels of
cytokines prevailing at the time of challenge
with antigen. The 'natural' immune response
to bacterial and viral infections increases the
production of interferon y and interleukin-2,
cytokines which selectively enhance the devel-
opment of Thi-type lymphocytes, and sup-
press Th2-type differentiation.7

These observations have led to a more
specific hypothesis, that infections occurring in
the first few months of life, perhaps specifically
at the time of first exposure to the relevant
allergen, may inhibit the proliferation of Th2
cell clones and thereby prevent allergy.8 An
alternative hypothesis is that a stable state of
Thl-type or Th2-type predominance is not
reached for some five to seven years after birth,
and may be influenced by the cytokine
environment prevailing at each of multiple
exposures to a specific allergen.6
An opportunity to investigate the effect of

family structure on risk of allergic disease and
to test specifically the effect of infectious illness
in early infancy arose in Sheffield, UK, where
almost all babies born since 1975 have been
visited by a health visitor at 1 month of age to
identify those at risk of sudden infant death.9
We describe here a longitudinal study created
by linking these health visitor records to data
from a survey of allergic disease among
teenagers throughout Sheffield.

Methods
HEALTH VISITOR SCREENING PROGRAMME
Each baby born in Sheffield since August 1975
has been included in a screening programme to
predict the risk of sudden infant death and
other perinatal outcomes (the Sheffield child
development study).9 10 Abstracts of the
obstetric records, including maternal age and
parity, were supplemented by a detailed inter-
view with the parent of each child in the home
at 1 month of age. The interviews were con-
ducted by health visitors using a questionnaire
which remained largely unchanged from 1975
to 1988. This enquired about illnesses in the
baby since birth, including the following symp-
toms suggestive of infection: runny nose,
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cough, diarrhoea, skin infection, sticky eye,
and thrush. The questionnaire also included a
history of respiratory, gastrointestinal, skin, or
other infections in family members since the
child was born. From August 1976 onwards
the date of birth of the next older child in the
family was included. Linked birth abstracts
and health visitor interviews were available for
more than 95% of the births in Sheffield
throughout the period August 1975 to July
1980.

ALLERGY SURVEY
In November 1991, questionnaires were dis-
tributed to the parents of 23054 children in
the first to fifth years attending secondary
schools throughout Sheffield. One of the 35
schools declined to participate. Replies were
obtained for 18 203 children (79% response).
The questionnaire enquired about both symp-
toms and diagnoses of asthma, hay fever, and
eczema, about birth details (which were used
for record linkage), and the position of the
child in the family. Results are presented here
for hay fever, defined as positive response to
the question 'Has a doctor ever told you that
your child has hay fever?'. Broadly similar
results were obtained using a symptom based
definition (seasonal sneezing, running or
blocking of the nose, not associated with a cold
or the 'flu, occurring in the past 12 months).

DATA LINKAGE
Among the 18 203 questionnaire respondents,
there were 15 222 singletons born in Sheffield.
Using a combination of computer matching by
date and place of birth, maternal age and parity

Table 1 Prevalence of doctor diagnosed hay fever by birth order, birth spacing and
maternal age, before and after adjustment for otherfactors

Number of % (n) with Mutually adjusted X2
children hayfever odds ratio (95% CI)a trend p Value

Mother's age at child's birth (years)
<20 1116 12-9 (144) 0-58 (0-46-0-72)
20-24 3584 15-9 (569) 0 79 (0-68-0-91) 16-3 <0-0001
25-29 4257 17 0 (772) 0-86 (0 75-0 98)
30+ 2808 17-7 (497) 1 00 (reference)

Number of older siblings
0 5166 18-7 (966) 1 00 (reference)
1 4524 15-1 (681) 0-68 (0 55-084) 57-6 <0-00001
2 1379 14-1 (195) 0 59 (047-0-75)
3+ 696 12-9 (90) 0-51 (0 38-0-68)

Number of younger siblings
0 5668 16-5 (933) 1-00 (reference)
1 4315 17-8 (767) 0-92 (0-81-1-04) 20-0 <0-0001
2 1291 13-9 (180) 0-72 (0-60-0 88)
3+ 491 10-6 (52) 0-55 (0-41-0-75)

Birth interval to next older sibling
<2 Years 1053 12-5 (132) 0-88 (0-69-1-14)
2 Years 1355 12-7 (172) 0-81 (0-64-1-03) 3-10 0-08
3-4 Years 1525 14-3 (219) 0-92 (0-74-1-15)
5 +Years 1147 15-3 (175) 1 -00 (reference)

Feeding in first month
Breast 3935 17-7 (695) 1-00 (reference)
Breast+bottle 1228 16-1 (198) 0-85 (0-72-1-02) 3 99 0-046
Bottle 6480 15-7 (1016) 0-89 (0 79-0 99)
Solids 122 18-9 (23) 1 11 (0 70-1 77)d

Parents left school by 16
Both 4555 16-4 (745) 1-00 (reference)
One 2940 17-0 (500) 1-04 (0 92-1 19) 0-58 0 45
Neither 3607 16-2 (585) 0 95 (0-83-1-08)
Otherc 633 15-4 (102) 1-00 (0-89-1-13)d

'Adjusted for other factors in the table, sex, and year of birth by logistic regression.
bFirstborns excluded. Interval was not recorded for births during August 1975 to July 1976.
cSingle parent or parent still at school. dExcluded from the test for linear trend.

(11 423 children), and clerical searches by
surname (2272 children), 13 695 (90°/O) were
unambiguously traced in the Sheffield child
development study birth registers. The com-
puter matching was checked by clerical
searches for 702 children, and only 7 (1%)
were found to be incorrect. The analysis pre-
sented here is restricted to 11 765 children
with a 1 month health visitor interview com-
pleted at age 24-37 days, ofwhom 7783 (66%)
were visited 28-33 days after birth.

SKIN PRICK TESTING
Children attending 14 schools underwent skin
prick testing with extracts of mixed grass
pollen, positive (1:999 histamine) and negative
(saline) controls (Allergopharma, Germany).
Tests were carried out by a single observer
using 1 mm flanged lancets inserted vertically
through the drops of test solution placed on
the volar aspect of the forearm. The maximum
and perpendicular weal diameters were
recorded after 10 minutes and the mean
diameter used in the analysis.
Among the children with fully linked data,

1386 were selected for the skin prick survey.
Two groups, at 'high' and 'low' risk of doctor
diagnosed hay fever were defined from a
multiple logistic regression of the question-
naire data, including, as explanatory variables,
position in the family and maternal age.
Children from the 14 participating schools
whose family structure placed them in the top
10% and bottom 25% of the risk distribution
were contacted. The parents of 778 children
(56%) gave consent and after two visits to each
participating school, 723 children were tested
(52%).

STATISTICAL ANALYSIS
Data linkage and cross tabulations were carried
out using the Statistical Analysis System
(SAS).11 Multiple logistic regression analyses
used the generalised linear interactive model-
ling package (GLIM).12 These analyses
adjusted for sex and year of birth in addition to
the factors listed in the tables.

Results
Among 17 968 children with valid parental
responses, 2954 (16A4%) had a history ofdoctor
diagnosed hay fever. Among the subjects
included in the analysis, the prevalence was also
164% (1932/11765) - 18 0% (1039/5780) for
boys and 14-9% (893/5985) for girls.

HAY FEVER AND FAMILY STRUCTURE
Table 1 shows the relation between hay fever
prevalence and family structure. Before adjust-
ment for other factors, the prevalence declined
with increasing number of older and younger
siblings, and increased with wider birth spac-
ing and increasing maternal age. The preva-
lence of seasonal non-infective rhinitis in the
past year followed a very similar pattern, vary-
ing from 11 8% to 16-7% with increasing
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Table 2 Prevalence of doctor diagnosed hay fever by personal andfamily history of infectious ilness during thefirst month
of life, for all births, andfor birth during June only

All months of birth June births

Illness present Illness absent Illness present Illness absent
% WM % (n/N) % (nN) % (N)

Symptoms in the child
Runny nose 15-9 (623/3912) 16-7 (1309/7853) 15-5 (42/271) 15-5 (107/689)
Cough 17-4 (169/972) 16-4 (1763/10793) 15-4 (8/52) 15-5 (141/67)
Diarrhoea 16-8 (79/471) 16-4 (1853/11 294) 11-6 (5/43) 15-7 (144/773)
Skin infection 17-1 (127/744) 16-4 (1805/11021) 22-6 (12/53) 15-1 (137/907)
Eye infection 16-9 (504/2984) 16-3 (1428/8781) 15-7 (41/261) 15-5 (108/699)
Thrush 13-7 (125/914) 16-7 (1807/10851) 11-8 (10/75) 15-9 (139/875)
Any of above 16-4 (1132/6906) 16-5 (800/4859) 15-7 (86/548) 15-3 (63/412)
Infection in the family
Respiratory 16-2 (818/5055) 16-6 (1114/6710) 16-0 (51/319) 15-3 (98/641)
Gastrointestinal 17-0 (161/946) 16-4 (1771/10819) 16-7 (13/78) 15-4 (136/882)
Skin 15-4 (82/533) 16-5 (1850/11 232) 14-8 (9/61) 15-6 (140/899)
Other 15-5 (35/226) 16-4 (1897/9642) 23-8 (5/16) 15-3 (144/939)
Anyofabove 16-2 (962/5935) 16-6 (970/5830) 15-7 (64/407) 15-4 (85/553)

maternal age, from 17 0% for firstborn
children to 1P13% for children with three or
more older siblings, and from 15-4% to 9-6%
with increasing numbers of younger siblings.
The factors listed in table 1 were intercor-

related and multiple logistic regression was
required to determine their independent
effects on hay fever prevalence. Mutually
adjusted odds ratios derived from the logistic
regression model are also shown in table 1.
After adjustment for other factors, the effect of
maternal youth was strengthened and was
statistically highly significant. Both the number
of older siblings and the number of younger
siblings were inversely related to hay fever
prevalence at a high degree of significance. The
effect of older siblings was significantly
(p<0 l00) more influential than the number of
younger siblings, although both exerted an
independent effect on hay fever prevalence.
There was a trend towards a lower prevalence
with closer birth spacing, but this was of only
borderline significance (0 05<p<0 1) after
adjustment for other factors. There was no
independent effect of father's age after adjust-
ment for mother's age.

Table 1 also shows the association of hay
fever with infant feeding and parental educa-
tion. After adjustment for other factors, there
was virtually no effect of parental education,
but a significantly high prevalence of hay fever
was observed among adolescents who had
been exclusively breast fed during the first
month of life, compared to bottle fed infants
and those transferred from breast to bottle.

FAMILY STRUCTURE AND EARLY INFECTION
The proportion of children exposed to infection
in the family in the first month of life varied
with birth order: 38% (1971/5166) for firstborn
children, compared to 59% (2650/4524), 66%
(904/1379), and 59% (410/696) for children
with one, two, and three or more older siblings,
respectively. The corresponding proportions
with a documented personal history of infec-
tion in the neonatal period were less variable:
55% (2846/5166), 62% (2782/4524), 62%
(855/1379), and 61% (423/696), respectively,
for children with no, one, two, and three or
more older siblings.
A family history of infection in the first month

of life was slightly less common among the

offspring of younger mothers: 47% (521/1116),
48% (1728/3584), 50% (2143/4257), and 55%
(1543/2808) for mothers aged <20, 20-24,
25-29, and 30+ years at the time their child was
born. The corresponding proportions reporting
one or more infectious illnesses in their infant
by one month of age were 63% (703/1116),
61% (2175/3584), 57% (2423/4257), and 57%
(1605/2808), respectively. Thus a personal his-
tory of neonatal infection was slightly more
common in the offspring of younger mothers.

HAY FEVER AND EARLY INFECTION
Table 2 shows the prevalence of hay fever in
children with a documented personal or family
history or infection in the first month of life.
Overall, there was little effect of early infection
on hay fever prevalence, and the only specific
infection associated with a significant reduc-
tion in risk was thrush (13.7% v 16-7%,
p=0.02). However, after adjustment for age,
sex and the family structure variables in table
1, this association was no longer significant at
the 5% level (adjusted odds ratio 0-85, 95%
confidence interval 0-44 to 1.02).
The relation between hay fever and neonatal

illness or family history of infection in the first
month did not differ substantially in subgroups
defined by the number of older siblings. There
were no statistically significant interactions
between these factors (p>0 1).
The analysis was further restricted to 960

children born in June, who therefore experi-
enced their first exposure to grass pollen in the
neonatal period. Two thirds of these children
were placed outdoors for more than two hours
each day during the first month of life. The
prevalence of hay fever was almost the same
among June births with a history of infection in
the first month of life as among those without
(table 2).

SKIN PRICK RESPONSES
Among the 723 children who participated in
the skin prick tests, 235 had been selected as a
group at high risk ofhay fever, and 488 formed
the low risk group. Table 3 shows that the dif-
ference between these groups in reported hay
fever prevalence (28% v 15%, p<0 0001) was
closely matched by differences in the preva-
lence of skin prick positivity to grass pollen,
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Table 3 Prevalence ofhay fever and cutaneous reactions to grass pollen byfamily
structure and infantfeeding in the subgroup undergoing skin prick testing

Skin prick to grass mix
Diagnosed

Number hayfever Weal -e3 mm Weal >1 mm
tested (% (n) (% (n)) (% (n))

Risk scorea
High 235 28 (66) 24 (57) 34 (81)
Low 488 15 (73) 14 (70) 23 (114)

Mother's age at birth (years)
<25 226 15 (33) 15 (33) 23 (53)
25-29 277 20 (55) 18 (49) 27 (76)
30+ 220 23 (51) 20 (45) 30 (66)

Number of siblings
0 75 28 (21) 20 (15) 28 (21)
1 252 23 (58) 22 (55) 32 (80)
2 222 18 (40) 18 (38) 27 (60)
3+ 174 11 (20) 11 (19) 20 (34)

Birth interval
<3 Years 221 16 (35) 14 (30) 23 (50)
3+Years 238 17 (39) 17 (39) 25 (59)

No older sibling 264 25 (65) 22 (58) 33 (86)
Feeding in first month

Breast 267 20 (53) 18 (49) 27 (72)
Both 91 16 (15) 18 (16) 32 (29)
Bottle 365 19 (71) 17 (62) 26 (94)

'Derived by discriminant analysis of questionnaire data (see Methods).

whether defined as any detectable weal (34% v

23%, p=0002), or a weal greater than 3 mm
mean diameter (24% v 14%, p=O00015). Very
similar results were obtained using the hista-
mine weal diameter, rather than 3 mm, as the
cutoff (data not shown).
The variation in reported hay fever preva-

lence with sibship size and maternal age in this
subgroup was matched very closely by corres-
ponding variations in skin prick responses to
pollen extract (table 3). These variations were
most evident for the larger weal sizes, implying
that groups with a high prevalence of hay fever
had a greater mean weal diameter on prick
testing with grass pollen. There was little dif-
ference in the prevalence of positive skin prick
reactions among breast fed and bottle fed
children (table 3).

Discussion
This large, population based historical cohort
study confirms previous observations of an
inverse relation between hay fever prevalence
and sibship size,1 2 and offers corroborative
evidence that position within the sibship and
maternal age are also influential.5 A new find-
ing is the variation in hay fever prevalence with
birth spacing, independent of other factors.
Taken individually, these effects are subtle but
can be detected at a high level of statistical sig-
nificance in datasets of this size. However, in
combination these aspects of family structure
may have a marked effect of hay fever preva-
lence, greater than variations relating to
socioeconomic status or infant feeding.5
Our data do not support the recent sugges-

tion that exclusive breast feeding during the first
month of life offers substantial protection
against respiratory allergy in adolescence.13
Indeed, the findings would be more consistent
with a small increase in risk of allergy among
breast fed infants, as noted in the British 1958
and 1970 birth cohorts.25 It is unlikely that
selective use ofbreast feeding by atopic mothers
could have influenced these associations greatly,

as most of the children were born before a
protective effect ofprolonged breast feeding was
widely publicised in the late 1970s.14

Relations between family structure and
reported hay fever were mirrored very closely
by the corresponding variations in skin prick
reactions to mixed grass pollen. Two other
studies have reported inverse correlations
between the prevalence of positive skin prick
tests and sibship size4 or position in the house-
hold.3 Together, these observations argue
strongly that the association of hay fever
prevalence with family structure cannot be
attributed to differential recognition, report-
ing, or diagnosis of symptoms, and probably
reflects the distribution of the atopic pheno-
type.5

Environmental influences on allergic sensiti-
sation may operate before or after birth. The
dominant effect of older siblings would be
consistent with either a prenatal or a postnatal
influence, but the independent effect of
younger siblings suggests that postnatal child
contact plays a protective role. The apparent
protective effect of maternal youth, which also
emerged in an earlier cohort,5 would be consis-
tent with influences related to intrauterine
development, although it may also reflect dif-
ferent patterns of child care by younger
mothers. More detailed studies of allergic
disease in relation to obstetric indices and
patterns of interpersonal contact in young
families are required to clarify the respective
roles of the prenatal and postnatal environ-
ment in 'programming' allergic sensitisation.15
The Sheffield child development study

offered a rare, possibly unique, opportunity to
test the effect of one specific programming
influence: neonatal infection.8 This was a
large, population based sample in which both
neonatal illness and adolescent allergy were
ascertained in a systematic manner. No evi-
dence emerged to support the hypothesis that
exposure to common infectious illnesses within
the first month of life protects against sub-
sequent allergic sensitisation through the pref-
erential selection of Thl clones, even among
children exposed at this time to their first dose
of inhaled allergen.
Our findings contrast with a retrospective

study of 212 Finnish 7 year olds which found
a significant two- to threefold excess of physi-
cian diagnosed atopic disease or positive skin
prick tests among children with a history of
fever, gastrointestinal illness, or otitis media in
infancy.16 An important limitation of that
study was the distant recall by parents of ill-
nesses in the first year of life, whereas in ours,
illnesses were recorded within a few days of
the neonatal period. However, the informa-
tion available in Sheffield was limited to
parental recall of symptomatic illness in the
baby and the family in the first month of life,
when maternal antibodies acquired in utero
persist in the neonatal circulation and may
modulate the immunological response to
infection.

Although programming effects from asymp-
tomatic early infection cannot be excluded,
our findings strongly suggest that the critical
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period during which sibling contact may
influence allergic sensitisation extends well
beyond the first month of life. Indeed, the neo-
natal period may be a protected window
during which programming of this type does
not occur. This would be consistent with the
notion that a stable pattern of allergen specific
IgE response may evolve over a number of
years,17 in relation to repeated exposures to
allergen. The process may take longer if aller-
gen exposure is intermittent, as in the case of
seasonal aeroallergens, offering multiple win-
dows of opportunity for infection acquired
from siblings and playmates to influence the
cytokine environment of developing pollen
specific T cell clones.

Further epidemiological studies embracing a
longer period of child development are
required to clarify the relations between post-
natal child contact, infectious illness, and pro-
gramming influences on allergic sensitisation,
and to determine the scope for prophylactic
intervention during critical periods in
immunological development.
We wish to thank all the parents, children, and school teachers
who assisted with the 1991 allergy survey; Jayne Thompson and
Janice Pinder for assistance with fieldwork; and all the health
visitors who completed 1 month interviews during 1975-1980
and who contributed in many other ways to the Sheffield Child
Development Study. The 1991 fieldwork and data linkage were
funded by the National Asthma Campaign.
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