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Abstract
Aim: To measure Interleukin-10 (IL-10) and transforming growth factor-β1 (TGF-β1) in cord blood

and assess their relationship with parental allergy and perinatal characteristics.

Methods: In a neonatal care unit 212 consecutive full-term and appropriate for gestational age

newborns were recruited. IL-10 and TGF-β1 levels were determined in cord blood by high sensitivity

ELISA. Perinatal characteristics, mode of delivery and presence of allergy in parents were recorded.

Results: Out of 212 newborns, 136 were of non-allergic parents and 76 (35.8%) of one or both

allergic parents. In newborns of allergic fathers median IL-10 levels tended to be lower (0.67 vs.

1.06 pg/mL, p = 0.07) and TGF-β1 levels were significantly lower (40.9 vs. 45.3 ng/mL, p = 0.008)

than in newborns of non-allergic parents. Multiple general regression analysis showed that presence

of paternal allergy (β = −0.19, p = 0.003) to be born by cesarean section (β = −0.21, p = 0.03)

and younger gestational age (β = 0.14, p = 0.04) independently contributed to decrease TGF-β1

levels (multiple R = 0.38, p < 0.0001).

Conclusion: Paternal allergy and cesarean section are associated to decreased TGF-β1, which might be the

mediator of the increased risk of atopy development. Cord blood IL-10 and TGF-β1 levels of our newborn series

could be used as reference values for further studies on these relationships.

INTRODUCTION
Prevalence of allergic disorders such as asthma, atopic der-
matitis and rhinoconjunctivitis is rising in children from in-
dustrialized countries in the last decades. Both family history
of atopy and environmental factors can be involved although
causes and mechanisms remain to be determined. A deregu-
lation of the mucosal immune system, which is the first route
of interaction between exogenous antigens and T helper (Th)
lymphocytes, is currently the most accepted hypothesis. The
possibility that modern life environment may hinder T reg-
ulatory (Treg) lymphocytes maturation, one subtype of Th
cells, has been proposed (1). Transforming growth factor-β1
(TGF-β1) and Interleukin-10 (IL-10) are the two main me-
diators of Treg and are thought to induce a ‘clonal anergy’
both towards Th1 and Th2 cells (2). Both IL-10 and TGF-β1
down-regulate cellular immunity and allergic inflammation
(3). Decreased secretion of these cytokines could contribute
to the development of a milieu where allergic inflammation
and asthma can develop (4). The number of TGF-β1 produc-
ing T cells is reduced in children with food allergies (5) and
TGF-β1 concentration in maternal colostrum is inversely
related with atopy in their infants (6). IL-10 has shown po-
tent anti-inflammatory properties in an in vitro model on

Abbreviations
95%CI, 95% confidence intervals; IL-10, Interleukin-10; IQR,
interquartile range; TGF-β1, transforming growth factor-β1; Th,
T helper; Treg, T regulatory.

human cord blood mast cells (7) and TGF-β1 production
is reduced in cord blood mononuclear cells of newborns
of atopic mothers (8,9). Moreover, cord blood is a major
source of Treg precursor cells capable of potent suppressor
function (10). Treg cytokine pattern at time of delivery are in-
fluenced both by maternal and paternal genetic background
and by maternal immune status through the feto-placental
unit, and may be crucial for the development of neonatal
immune system (11).

Therefore, the primary aim of our study was to measure
in a large series of Italian newborns IL-10 and TGF-β1 cord
blood levels, which may become possible reference values
for further investigations. A secondary aim was to assess the
relationship between IL-10 and TGF-β1 and parental allergy
and perinatal characteristics.

METHODS
Newborn recruitment
From November 2005 to May 2007, cord blood samples
were obtained in our paediatric unit from 222 consecu-
tive full-term and appropriate for gestational age newborns
whose parents had consented to the study. Data on gesta-
tional age, birth weight, length, cranial circumference, mode
of delivery, amniotic fluid appearance, time to membranes
rupture and Apgar index were recorded for each case. Full-
term birth was defined by gestational age between 37 and
42 weeks. Appropriate for gestational age was defined as
birth weight between 10th and 90th percentile for gesta-
tional age and sex. In addition, the following parameters
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were recorded: mothers’ nationality, age, manual or non-
manual occupation, number of previous pregnancies, pre-
mature deliveries, miscarriages and living children. Father’s
age, manual or non-manual occupation and nationality were
also recorded. All newborns of parents born outside Italy
were excluded at recruitment.

Parents were screened for allergies by administering a
questionnaire about any allergic symptom, type of aller-
gen and result of allergic tests and were considered allergic
only where results of allergic laboratory tests were positive.
Newborns whose parents received immunotherapy or im-
munomodulatory treatments were excluded. Out of the 222
newborns initially selected only 212 completely fulfilled the
inclusion criteria. In four newborns cord blood samples were
insufficient for cytokine determinations and in six newborns
parental history of allergic reaction was not proven by lab-
oratory tests. The study has been approved by the Regional
Ethical Committee and informed consent was signed by the
parents.

Sample collection and measurements
Cord blood was collected immediately after delivery and
centrifuged at 3500 rpm for 15 min. Sera were stored at
−20◦C until tested for IL-10 and TGF-β1 levels. Determina-
tions were performed after a median of 6 months (range 2
weeks–16 months) of storage at −20◦C.

IL-10 serum levels were determined using a high sensitiv-
ity quantitative ELISA test (Quantikine R© HS, R&D Systems
Inc, Minneapolis, MN, USA). Sera were processed accord-
ing to manufacturer instructions. Optical density was mea-
sured at dual wavelength of 490/650 nm in an automated
microplate reader (SpectraCount, Packard, Meriden, USA).
The minimum detectable level of IL-10 being 0.5 pg/mL.

For the determination of TGF-β1 serum levels, a proce-
dure of activation was used to detach TGF-β1 antigen from
circulating protein complexes in order to enable its recogni-
tion from specific antibodies. This was obtained by adding
to serum samples a solution of 2.5N acetic acid/10M urea
and by neutralizing them with a 2.7N NaOH/1M Hepes
solution after a 10-min incubation. A 15-fold dilution of ac-
tivated samples was used in the ELISA kit specific for TGF-
β1 (Quantikine R© HS, R&D Systems Inc, Minneapolis, MN,
USA). Optical density was measured at dual wavelength of
450/570 nm in an automated microplate reader. The mini-
mum detectable level of TGF-β1 being 7 pg/mL.

Statistical analysis
Anthropometric data were expressed as mean ± SD and
compared by Student t-test. Since IL-10 and TGF-β1 vari-
ables were not normally distributed (i.e. all values were
skewed towards low values) all analyses were performed
by non-parametric tests and their values expressed as me-
dian and interquartile range (IQR). IL-10 and TGF-β1 levels
were compared by ANOVA Kruskal Wallis test and by the
Mann–Whitney U-test with post hoc Bonferroni adjustment.
Correlations between IL-10 and TGF-β1 and neonatal pa-
rameters were evaluated by Spearman rank correlation. The
chi-square test or Fisher test – when appropriate – were

used to evaluate prevalence differences. General multiple
regression analysis was used to test the independent contri-
bution of paternal allergy, cesarean section, gestational age
and male gender to TGF-β1 levels. Statistical analysis was
performed with STATISTICA software v.6.1 (Statsoft Inc.,
Tulsa, OK, USA).

RESULTS
Out of the 212 cord blood samples, 136 were from new-
borns of non-allergic parents and 76 (35.8%) from newborns
of one or both parents with a laboratory proven allergy.
The two groups were similar for sex, gestational age, weight,
length, cranial circumference, mode of delivery, amniotic
fluid appearance, time to membranes rupture and Apgar in-
dex (Table 1). Out of 424 parents, a history of allergy was
present in 84 (19.8%, 95%CI: 16–23.6%) 54 mothers and 30
fathers (8 newborns had both parents with allergy).

IL-10 levels were similar in cord blood of newborns of
non-allergic and allergic parents (Table 2). Median IL-10
levels tended to be lower in newborns of allergic fathers than
in newborns of non-allergic parents (0.67 vs. 1.06 pg/mL,
p = 0.07) and were even lower in eight newborns where both
parents were allergic (0.49, IQR 0–4.2 pg/mL) but the de-
crease was not significant for the small number of newborns
in this group. IL-10 was undetectable in 55 (25.9%) cord
blood samples and no difference was found in prevalence
of undetectable IL-10 according to time of serum sample

Table 1 Neonatal characteristics in 212 newborns of non-allergic parents and
of one or both parents with laboratory proven allergy

Newborns of Newborns of one or
Neonatal characteristics non-allergic parents both allergic parents

N = 136 N = 76

Sex, N (%)
Males 69 (51) 38 (50)
Females 67 (49) 38 (50)

Gestational age (weeks)
mean ± SD 39.3 ± 1.2 39.2 ± 1.3

Weight (g) mean ± SD 3276 ± 402 3323 ± 496

Length (cm) mean ± SD 50.2 ± 1.8 50.5 ± 2.1

Cranial circumference (cm)
mean ± SD 34.3 ± 1.2 34.3 ± 1.2

Mode of delivery, N (%)
Eutocic 56 (41) 38 (50)
Cesarean 67 (49) 34 (45)
Induced 8 (6) 3 (4)
Dystocic 5 (4) 1 (1)

Complications at birth, N (%)
None 123 (91) 63 (83)
LT 6 (4) 7 (9)
PROM 4 (3) 4 (5)
Low Apgar 3 (2) 2 (3)

LT = liquidum tintus.
PROM = premature membranes rupture > 18 h.
Low Apgar = Apgar score < 8 at 1 min.
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Table 2 Median (IQR) IL-10 and TGF-β1 levels according to family history of allergy (maternal allergy in 54 newborns, paternal allergy in 30 newborns and both
maternal and paternal allergy in 8 newborns), newborn gender and mode of delivery

IL-10 pg/mL TGF-β1 ng/mL

Newborns of non-allergic parents (N = 136) 1.06 (0–1.81) 45.3 (37.8–52.1)∗

Newborns of allergic parents (N = 76) 0.97 (0–1.92) 43.8 (33.0–50.9)
of allergic mothers (N = 54) 1.29 (0.5–2.36) 44.6 (33.4–53.2)
of allergic fathers (N = 30) 0.67 (0–1.36) 40.9 (29.5–46.2)∗

Newborns of non-allergic parents (N = 136) 1.06 (0–1.81) 45.3 (37.8–52.1)
males (N = 69) 1.11 (0.5–1.82) 46.5 (39.6–53.4)†

females (N = 67) 1.0 (0–1.81) 42.9 (37.1–51.4)

Newborns of allergic parents (N = 76) 0.97 (0–1.92) 43.8 (33.0–50.9)
males (N = 38) 0.94 (0–1.98) 41.5 (31.6–48.6)†

females (N = 38) 1.24 (0.5–1.85) 45.7 (34.5–51.2)

Cesarean delivered newborns (N = 105) 1.06 (0–1.63) 39.8 (35–48)‡

Vaginal delivered newborns (N = 107) 1.02 (0.5–2.29) 48.8 (41.7–55.1)‡

∗p = 0.008, †p = 0.02, ‡ p < 0.0001, by Mann–Whitney U-test.

storage or according to maternal or paternal allergic status.
IL-10 values were also similar according to mode of delivery
and gestational age.

TGF-β1 levels were similar in cord blood of newborns of
non-allergic and allergic parents (Table 2). However, median
TGF-β1 levels were significantly lower in newborns of aller-
gic fathers – whether or not mothers were also allergic – than
in newborns of non-allergic parents (40.9 vs. 45.3 ng/mL,
p = 0.008) and were even lower in 8 newborns from both
allergic parents, although not significantly (40.2, IQR 29.7–
45.8 ng/mL). Moreover, TGF-β1 was significantly lower in
sons of allergic parents than in sons of non-allergic ones
(41.5 vs. 46.5 ng/mL, p = 0.02) while in daughters no differ-
ence was found (Table 2). TGF-β1 was detectable in all cord
blood samples and its levels were positively correlated with
gestational age in newborns of non-allergic parents (Spear-
man R = 0.32, p = 0.0002) but this correlation was lost
in newborns of allergic parents. TGF-β1 levels significantly
changed according to the mode of delivery (p < 0.0001)
being lowest in cesarean delivered newborns (39.8, IQR
35–48 ng/mL) and highest in dystocic delivered newborns
(50.1, IQR 48–57 ng/mL). Median TGF-β1 was significantly
decreased in cesarean delivered newborns as compared to
vaginal delivered ones (i.e. eutocic, induced and dystocic
delivery, Table 2). Multiple general regression analysis in all
newborns showed that presence of paternal allergy (β co-
efficient = -0.19, 95%CI = −0.32 to −0.07, p = 0.003) to
be born by cesarean section (β = −0.21, 95%CI = −0.39
to −0.02, p = 0.03) and younger gestational age (β = 0.14,
95%CI = 0.01 to 0.28, p = 0.04) all independently con-
tributed to a decrease of TGF-β1 levels, while male gender
did not (multiple R = 0.38, p < 0.0001).

IL-10 and TGF-β1 levels were similar in males and fe-
males both in newborns of allergic and non-allergic parents.
No correlation was found between IL-10 and TGF-β1 and
any of perinatal characteristics (birth weight, length and cra-
nial circumference, amniotic fluid appearance, time to mem-
branes rupture, Apgar index) parental occupation, type of
allergen causing parental allergy and mothers’ obstetric his-

tory (number of previous pregnancies, premature deliveries,
miscarriages and number of living children). No correlation
between IL-10 and TGF-β1 levels was found.

DISCUSSION
In the present study we evaluated IL-10 and TGF-β1 cord
blood levels in full-term newborns and found that TGF-β1
levels were significantly lower in newborns of allergic fa-
thers, in cesarean delivered newborns and in those with a
younger gestational age.

The immunological events that drive Th memory devel-
opment are initiated early in life and possibly even in uterus
(12). Cytokine production within the feto-placental unit, as
measurable in cord blood, may influence susceptibility to
subsequent atopy and asthma development (12). IL-10 and
TGF-β1 secretions are the main effectors of the suppressor
mechanisms of Treg cells (3). In our series IL-10 and TGF-
β1 were decreased in newborns of allergic fathers, however
only the decrease of TGF-β1 was significant. IL-10 and TGF-
β1 are reported to skew the antibody production from IgE
towards the non-inflammatory isotypes IgG4 and IgA, re-
spectively (3). Therefore, newborns of allergic fathers, hav-
ing lower levels of cord blood regulatory cytokines, could
have an immunoglobulin pattern skewed towards IgE pro-
duction making them more liable to atopic diseases later in
life.

Little is known about the relationship between cord blood
cytokine profile and risk to develop allergy later in life in
newborns with family history of atopy. We found TGF-β1
levels significantly lower in newborns of allergic fathers,
but not in newborns of allergic mothers. And this find-
ing seems to be at variance with other reports: TGF-β se-
creting mononuclear cells were significantly lower in cord
blood of newborns of atopic mothers (8) where, however,
paternal history of atopy was not taken into account. Up to
now most studies investigating feto-placental unit in relation
to development of pre-natal and early post-natal immune
system (12) disregarded paternal influence on the process.
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Moreover, influence of parental allergy was usually analysed
only in relation to cord blood IgE and not to cord blood cy-
tokines. Cord blood IgE levels were shown to be influenced
by maternal – but not paternal – history of allergy and by
maternal IgE values (13,14) but later a multivariate analy-
sis revealed that only maternal IgE values were significantly
associated with cord blood IgE (15). Only recently pater-
nal IgE levels were reported to be related to their boys’, but
not girls’, IgE levels (16) and paternal asthma to wheez-
ing in preschool children (17). The importance of male
gender was highlighted not only by the paternal allergy
influence, but also by the finding of significantly reduced
TGF-β1 levels in sons of allergic parents but not in daugh-
ters, thus suggesting a sex-related hereditability of atopic
predisposition. Linkage studies have attempted to explain
genetically sex-related effects and both maternal and pater-
nal imprinting has been suggested for allergic sensitization.
Genomic imprinting refers to differential expression of genes
depending on maternal or paternal origin (18). Therefore,
in our series imprinting is a plausible mechanism for pa-
ternal influence on atopic predisposition. Further investi-
gations are required to better assess the extent of genetic
background influence on newborn immunological status, as
shown by the role of paternal allergy and male gender or
the extent of immunity factors transferred by mothers dur-
ing pregnancy, where cord blood cytokine patterns may play
a role.

Cord blood IL-10 levels in full-term newborns were quite
near – hardly twofold – the lower sensitivity limit of the com-
mercially available ELISA kits, therefore high sensitivity kits
had to be used. The ELISA kit we used has such a character-
istic, and indeed IL-10 was detectable in 74% of our samples,
quite higher than previously reported data obtained by not-
high sensitivity kits where IL-10 was detectable only in 15%
of samples (12). So we were able to confirm – in a large
series – data on IL-10 levels reported in 31 Spanish (19), 26
English (20) and 398 Australian newborns (12).

TGF-β1 levels in our samples were similar to those re-
ported in 20 appropriate for gestational age newborns (21)
and they seem a bit higher than those reported in a group of
26 full-term newborns (20). In our series cord blood TGF-β1
levels were significantly lower after cesarean section, where
labour is not completed and stimulation by oxytocin, hy-
drocortisone and progesterone, involved in the parturitional
process, is missing. Indeed, it has been shown that these
hormones increase TGF-β1 mRNA expression and release
in vitro (22). The reduced cord blood TGF-β1 after cesarean
section may be associated to the increased risk to develop
atopy. Indeed in children born by cesarean section an in-
creased prevalence of allergic rhinoconjunctivitis, asthma,
hay fever and hospitalization for asthma has been reported
in most studies (23–26), although one did not confirm this
correlation (27). Therefore, further studies are needed to bet-
ter clarify it and TGF-β1 levels in cord blood may be used
as an intermediate marker for such studies.

In conclusion, we found decreased TGF-β1 levels in
cord blood of newborns of allergic fathers, suggesting that
paternal allergy might influence neonatal cytokine produc-

tion more than expected. And TGF-β1 was also decreased
after cesarean section, suggesting that higher risk to develop
atopy in cesarean delivered children could be mediated by a
decrease in TGF-β1 at birth. Long-term clinical monitoring
of infants of this series will be performed to evaluate the po-
tential prognostic significance of these changes. The allergic
status of our infants cannot be assessed yet, because they are
still too young.

References

1. Rook GA, Brunet LR. Microbes, immunoregulation and the
gut. Gut 2005; 54: 317–20.

2. Zuany-Amorim C, Sawicka E, Manlius C, Le Moine A, Brunet
LR, Kemeny DM, et al. Suppression of airway eosinophilia by
killed Mycobacterium vaccae-induced allergen-specific
regulatory T-cells. Nat Med 2002; 8: 625–9.

3. Taylor A, Verhagen J, Blaser K, Akdis M, Akdis CA.
Mechanisms of immune suppression by interleukin-10 and
transforming growth factor-beta: the role of T regulatory cells.
Immunology 2006; 117: 433–42.

4. Hobbs K, Negri J, Klinnert M, Rosenwasser LJ, Borish L.
Interleukin-10 and transforming growth factor-beta promoter
polymorphisms in allergies and asthma. Am J Respir Crit Care
Med 1998; 158: 1958–62.

5. Perez-Machado MA, Ashwood P, Thomson MA, Latcham F,
Sim R, Walker-Smith JA, et al. Reduced transforming growth
factor-beta1-producing T cells in the duodenal mucosa of
children with food allergy. Eur J Immunol 2003; 33: 2307–
15.

6. Kalliomaki M, Ouwehand A, Arvilommi H, Kero P, Isolauri E.
Transforming growth factor-beta in breast milk: a potential
regulator of atopic disease at an early age. J Allergy Clin
Immunol 1999; 104: 1251–7.

7. Royer B, Varadaradjalou S, Saas P, Guillosson JJ, Kantelip JP,
Arock M. Inhibition of IgE-induced activation of human mast
cells by IL-10. Clin Exp Allergy 2001; 31: 694–704.

8. Hauer AC, Riederer M, Grissl A, Rosegger H, MacDonald TT.
Cytokine production by cord blood mononuclear cells
stimulated with cows milk proteins in vitro: interleukin-4 and
transforming growth factor beta-secreting cells detected in the
CD45RO T cell population of atopic mothers. Clin Exp
Allergy 2003; 33: 615–23.

9. Haddeland U, Karstensen AB, Farkas L, Bø KO, Pirhonen J,
Karlsson M, et al. Putative regulatory T cells are impaired in
cord blood from neonates with hereditary allergy risk. Pediatr
Allergy Immunol 2005; 16: 104–12.

10. Godfrey WR, Spoden DJ, Ge YG, Baker SR, Liu B, Levine BL,
et al. Cord blood CD4(+)CD25(+)-derived T regulatory cell
lines express FoxP3 protein and manifest potent suppressor
function. Blood 2005; 105: 750–8.

11. Schaub B, Campo M, He H, Perkins D, Gillman MW, Gold
DR, et al. Neonatal immune responses to TLR2 stimulation:
influence of maternal atopy on Foxp3 and IL-10 expression.
Respir Res 2006; 21; 7: 40.

12. Macaubas C, de Klerk NH, Holt BJ, Wee C, Kendall G, Firth
M, et al. Association between antenatal cytokine production
and the development of atopy and asthma at age 6 years.
Lancet 2003; 362: 1192–7.

13. Oryszczyn MP, Annesi-Maesano I, Campagna D, Sahuquillo J,
Huel G, Kauffmann F. Head circumference at birth and
maternal factors related to cord blood total IgE. Clin Exp
Allergy 1999; 29: 334–41.

14. Yang KD, Ou CY, Hsu TY, Chang JC, Chuang H, Liu CA,
et al. Interaction of maternal atopy, CTLA-4 gene

4 C©2009 The Author(s)/Journal Compilation C©2009 Foundation Acta Pædiatrica/Acta Pædiatrica



Balossini et al. IL-10 and TGF-β1 in cord blood

polymorphism and gender on antenatal immunoglobulin E
production. Clin Exp Allergy 2007; 37: 680–7.

15. Liu CA, Wang CL, Chuang H, Ou CY, Hsu TY, Yang KD.
Prenatal prediction of infant atopy by maternal but not
paternal total IgE levels. J Allergy Clin Immunol 2003; 112:
899–904.

16. Canfield SM, Jacobson JS, Perzanowski MS, Mellins RB,
Zemble RM, Chew GL, et al. Total and specific IgE
associations between New York City Head Start children and
their parents. J Allergy Clin Immunol 2008; 121: 1422–7.

17. Castro-Rodriguez JA, Garcia-Marcos L, Alfonseda Rojas JD,
Valverde-Molina J, Sanchez-Solis M. Mediterranean diet as a
protective factor for wheezing in preschool children. J Pediatr
2008; 152: 823–8.

18. Melén E, Kere J, Pershagen G, Svartengren M, Wickman M.
Influence of male sex and parental allergic disease on
childhood wheezing: role of interactions. Clin Exp Allergy
2004; 34: 839–44.

19. Blanco-Quirós A, Arranz E, Solis G, Villar A, Ramos A,
Coto D. Cord blood interleukin-10 levels are increased in
preterm newborns. Eur J Pediatr 2000; 159: 420–3.

20. Power LL, Popplewell EJ, Holloway JA, Diaper ND,
Warner JO, Jones CA. Immunoregulatory molecules during
pregnancy and at birth. J Reprod Immunol 2002; 56: 19–28.

21. Ostlund E, Tally M, Fried G. Transforming growth
factor-beta1 in fetal serum correlates with insulin-like growth

factor-I and fetal growth. Obstet Gynecol 2002; 100:
567–73.

22. Zicari A, Ticconi C, Realacci M, Cela O, Santangelo C,
Pietropolli A, et al. Hormonal regulation of cytokine release
by human fetal membranes at term gestation: effects of
oxytocin, hydrocortisone and progesterone on tumour
necrosis factor-alpha and transforming growth factor-beta 1
output. J Reprod Immunol 2002; 56: 123–36.

23. Salam MT, Margolis HG, McConnell R, McGregor JA, Avol
EL, Gilliland FD. Mode of delivery is associated with asthma
and allergy occurrences in children. Ann Epidemiol 2006; 16:
341–6.

24. Thavagnanam S, Fleming J, Bromley A, Shields MD,
Cardwell CR. A meta-analysis of the association between
Caesarean section and childhood asthma. Clin Exp Allergy
2008; 38: 629–33.

25. Bager P, Wohlfahrt J, Westergaard T. Caesarean delivery and
risk of atopy and allergic disease: meta-analyses. Clin Exp
Allergy 2008; 38: 634–42.

26. Debley JS, Smith JM, Redding GJ, Critchlow CW. Childhood
asthma hospitalization risk after caesarean delivery in former
term and premature infants. Ann Allergy Asthma Immunol
2005; 94: 228–33.

27. Maitra A, Sheriff A, Strachan D, Henderson J, ALSPAC study
team. Mode of delivery is not associated with asthma or atopy
in childhood. Clin Exp Allergy 2004; 34: 1349–55.

C©2009 The Author(s)/Journal Compilation C©2009 Foundation Acta Pædiatrica/Acta Pædiatrica 5


