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Abstract. – The prevalence of asthma and al-
lergic diseases in childhood has increased in 
several industrialized countries since the second 
half of the twentieth century. In some countries, 
the prevalence is still rising, although in others 
it seems to have plateaued or even decreased. 
It has been suggested that environmental fac-
tors operating prenatally and in early life affect 
the development of asthma and allergic diseas-
es. Particularly changes in microbial exposure 
are proposed to play an important role in the de-
velopment and maturation of the immune system. 
Thus, the factors that affect microbial exposure, 
such as mode of delivery and the use of antibi-
otics, may influence the development of asthma 
and allergic diseases. Several studies have ex-
plored the associations between perinatal fac-
tors and children’s use of antibiotics and the risk 
of asthma, with inconsistent findings.

The present review article will be focused on 
the important findings related with factors re-
sponsible for above allergic reactions along with 
asthma in young infants. Also, the influence of 
cow milk intake will also be taken thin account to 
cover the aspect of cow milk induced allergies 
and asthma in infants. 
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Introduction 

The food allergy and asthma are the most com-
mon chronic conditions in childhood. The preva-
lence of asthma and allergic diseases like allergic 
rhinitis in childhood has shown an increasing trend 
in several industrialized countries since the second 
half of the twentieth century1. In some countries, the 
prevalence is still rising, although in other countries 
the prevalence seems to have declined2. The devel-
opment of asthma and allergic diseases has a strong 
genetic background. The rise in the prevalence of 
these diseases indicates that environmental factors 
also play an important role as well3.

The gut microbiota plays an important role in 
the maturation and development of the immune 
system. The popular “microflora hypothesis” 
suggested that perturbations in the gastrointes-
tinal microbiota as a result of reduced microbial 
exposure result in immature microbiota, which 
might delay proper maturation of the immune 
system, and the resulted delay usually led to an 
increase in asthma and allergic diseases4. The 
factors that have been suggested to be related to 
the development of asthma included infections, 
non-pathogenic microbes, dietary factors, expo-
sure to tobacco smoke, air pollutants and aller-
gens5. Also a report in recent past6 suggested that 
various factors related to pregnancy, delivery and 
fetal growth also contributed significantly to the 
above pathological state. Despite active research, 
evidence on early life factors and the development 
of asthma is not consistent. Further, evidence on 
the role of environmental factors in the develop-
ment of CMA or any food allergy is limited. Iden-
tification of risk and protective factors for CMA, 
asthma and other allergic diseases is important 
for prevention strategies. Although not all early 
life factors are easily modifiable, identification of 
such factors may help focus preventive strategies 
on children at high risk. So, the present review 
article is the first of its kind to review maternal 
background factors, perinatal factors, and the 
maternal use of antibiotics factor associated with 
the development of cow’s milk allergy and asth-
ma in childhood. The article shall help medical 
researchers, physicians working in area to get an 
overall concise updated overview of the present 
condition and shall help in better planning of 
future research for the efficient management of 
these pediatric pathological states. 

Cow Milk allergy (CMA) – an Overview 
The allergy is defined as a hypersensitivity 

reaction initiated by specific immunologic mech-
anisms7. Cow’s milk allergy (CMA) is defined 
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as an adverse clinical reaction to ingested cow’s 
milk proteins based on an immunologically me-
diated adverse reaction to the provoking proteins 
at doses which are tolerated by healthy persons8. 
Exposure to cow’s milk proteins provokes an im-
mune response in all infants, although in healthy 
infants the response is suppressed and oral toler-
ance is developed. On the other hand, if oral tol-
erance is not achieved, inflammatory mediators 
will be activated and released in several organs. 
Mechanisms of CMA are best understood and de-
scribed in antibody-mediated, (immunoglobulin 
E [IgE]-mediated) CMA, while the precise im-
munologic mechanisms of cell-mediated (non-IgE 
mediated) CMA remains less clear. In IgE-me-
diated CMA typical symptoms, which usually 
develop rapidly within minutes or an hour after 
ingestion of cow’smilk protein, included skin like 
urticaria and angioedema respiratory symptoms 
like wheeze, and anaphylaxis. In non-IgE-medi-
ated CMA, symptoms tend to have later onset, 
from few hours to days after ingestion of cow’s 
milk protein. The most commonly affected area 
in this case is the gastrointestinal tract8. There 
is a consensus that the diagnosis of food allergy 
has to be based on oral food challenge procedures 
that establish a causal relation between the inges-
tion of a particular food and a subsequent clinical 
reaction9. Of the different challenge procedures, 
double-blind placebo-controlled food challenge 
is considered the “golden standard” of diagnos-
ing food allergies. However, only a minority of 
studies related to CMA has used this procedure 
and, in epidemiological research, CMA is often 
defined as either parentally reported or oral food 
challenge confirmed CMA. 

Asthma 
Asthma is defined as a chronic inflammatory 

disorder associated with variable airflow obstruc-
tion and bronchial hyper-responsiveness10. A key 
component in the pathology is chronic inflam-
mation and various factors such as viruses, aller-
gens and exercise. These factors also responsible 
for hyper responsiveness, inflammation together 
with hyper-reactivity associated with airway ob-
struction. Asthma can present with symptoms 
such as recurrent episodes of wheezing, cough-
ing, shortness of breath, and chest tightness. In 
epidemiological research, according to Spycher et 
al11, most frequently used asthma or wheeze phe-
notypes are based on 1) triggers/short-term tem-
poral pattern (including exclusive viral wheeze 
and multiple-trigger wheeze), 2) long-term tem-

poral pattern (including early transient wheeze, 
persistent wheeze and late-onset wheeze), 3) 
presence of allergic sensitization (atopic asthma 
and non-atopic asthma) or 4) severity (including 
wheeze and asthma). In children, the occurrence 
of recurrent wheezing episodes is a universally 
accepted starting point of asthma diagnosis. In 
addition to medical history, methods to establish 
asthma diagnosis include physical examination, 
evaluation of lung function, atopy, airway in-
flammation, bronchial hyper responsiveness and 
exclusion of alternative diagnosis. In young chil-
dren, the asthma diagnosis is particularly chal-
lenging due to difficulties in applying objective 
lung function measurements. Thus, in infants and 
preschool-aged children, the diagnosis is often 
based on medical history and symptoms.

The Role of gut Microbiota in the 
Development of Asthma and Allergic 
Diseases

The gut microbiota is a major source of micro-
bial exposure, containing an assortment of mi-
cro-organisms inhabiting the entire gastrointesti-
nal tract. Colonization of the human gut microbi-
ota begins immediately at birth, as upon passage 
through the birth canal infants are exposed to a 
complex microbial population. After the initial es-
tablishment of the gut microbiota during the first 
year of life, the composition of gut microbiota is 
host-specific, evolving throughout an individual’s 
lifetime, and is susceptible to both exogenous and 
endogenous modifications12. Stimuli derived from 
normal gut microbiota have been demonstrated in 
experimental studies to be important in facilitat-
ing the development of oral tolerance to food al-
lergens13 and tolerance to inhaled aeroallergens14. 
The idea of the potential role of gut microbiota 
in the development of allergic diseases has en-
couraged several observational studies to assess 
the association between the gut microbiota com-
position and allergic diseases. Although an asso-
ciation between the gut microbiota composition 
and various allergic conditions or symptoms has 
been reported, no specific harmful or protective 
microbes have been identified yet15. Further, there 
has been a substantial effort to assess the effects 
of probiotics, living micro-organisms that exert 
health benefits, on the prevention and or treatment 
of allergic diseases in clinical trials. Moreover, 
there is a theoretical basis for probiotics to have 
a positive beneficial effect in allergy prevention 
or treatment evidenced in some studies but not all 
studies have reached the same conclusions16.
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Cow Milk Associated Genetic Factors 
linked with Allergy and Asthma 

Despite active research, the causes of asth-
ma and allergic diseases are only partially 
understood. Heredity is a generally accept-
ed important risk factor, but the rise and in-
ternational variation in prevalence rates are 
likely attributable to environmental aspects 
and gene-environment interactions17. Whether 
food allergies and asthma share same genet-
ic and environmental factors or whether there 
are some unique factors to each disease is still 
unclear. Family history and twin studies18 have 
indicated that genetics plays an important role 
in the development of asthma and food aller-
gies. Nearly 100 genes have been found to be 
associated with asthma or asthma-related phe-
notypes, although not all of these associations 
could have been replicated in further studies. 
Unlike asthma, only a limited number of genet-
ic studies – namely candidate gene association 
studies – of food allergies have been reported. 
Polymorphisms in nine genes have been asso-
ciated with food allergy or food allergy sever-
ity in at least one study, but most of these as-
sociations have not been replicated18. Some of 
the genes associated with food allergy are also 
associated with asthma, although the relevance 
of these genes to both food allergy and asthma 
together remains to unexplored.

Environmental Factors and the Allergies 
The priming of the immune system occurs in 

early childhood or even before birth has prompt-
ed the idea of a “critical time-window” for envi-
ronmental factors to come into play and impact 
the development of asthma and allergic diseases3. 
Knowledge of the role of different environmental 
factors in the development of CMA or any food 
allergy remains limited, but more extensive re-
search has been conducted on the associations 
between different environmental factors and the 
development of asthma in childhood. The factors 
that have been suggested to be associated with 
the development of asthma included microbial in-
fections, dietary factors, and exposure to tobacco 
smoke, air pollutants and allergens5. As the moth-
er is an exclusive environment for the child for the 
first nine months and after birth continues as the 
closest caregiver, she can be considered as a ma-
jor environmental factor operating for the child’s 
development. Thus, various factors related to pre-
natal period, i.e. pregnancies as well as deliveries 
have received growing attention6.

Infections and non-Pathogenic Microbes 
Associated with Allergies 

Infections in early childhood have been im-
plicated in the development of asthma, although 
their role is complex. For example, severe lower 
respiratory tract infections have been associated 
with an increased risk of asthma19, while repeated 
viral infections have been reported to be asso-
ciated with a decreased risk20. Further, indirect 
measures of infections like the care of a child in a 
daycare centre and high number of older siblings 
have been shown to be associated with both a de-
creased and an increased risk of asthma21-23. De-
spite the fact that severe lower respiratory tract 
infections have been linked to later development 
of asthma, it is still unclear whether these low-
er respiratory tract infections caused subsequent 
development of asthma or whether these infec-
tions merely mark individuals that have a genet-
ic propensity for developing asthma19. Further, 
it has been suggested that qualitative aspects of 
infections such as timing, type and intensity may 
be crucial in the development of asthma. There is 
currently no evidence that infections would play 
a major role in the development of cow’s milk al-
lergy or any food allergy in early childhood. Fur-
thermore, not only pathogenic microbes causing 
symptomatic infection, but also non-pathogenic 
microbes have been suggested as playing a role 
in the development of asthma and allergic dis-
eases. Several studies24 have shown that exposure 
to environmental microbes is inversely associat-
ed with the risk of asthma and allergic diseases; 
for example, a lower prevalence of asthma and 
atopy has been observed in a population with 
higher number of bacterial exposures compared 
to a population with lower exposure despite these 
two populations living in geographically adja-
cent areas. Further, a lower prevalence of asthma 
and allergic diseases among children living on a 
farm has been found repeatedly, and the largest 
reduction in risk has been demonstrated for those 
exposed to a farming environment both prenatal-
ly and post-natally until adulthood25. In addition, 
an observation that microbial diversity of house 
dust was inversely related to the prevalence of 
childhood asthma independently of farming sta-
tus26 and that a lower environmental biodiversi-
ty in the surroundings of study subjects’ homes 
was more common in atopic than in nonatopic 
adolescents27. This emphasizes the role of overall 
microbial exposure and environmental biodiver-
sity in the development of asthma and allergic 
diseases.
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Diet Factors in Allergies/Asthma
Breast milk, one of the most important early nu-

tritional sources in the postnatal period, contains 
compounds with immune modulatory properties, 
and has been hypothesized to be protective for 
the children against asthma and allergic diseas-
es28. Several studies support this idea of protective 
role of exclusive breastfeeding until at least four 
months of age, but the discussion on the preventive 
effects of breastfeeding continues, mainly due to 
methodological issues. The role of complementary 
feeding in the development of allergic diseases has 
been revised in recent years. Delaying exposure to 
solid foods or avoidance of allergenic foods in in-
fancy is no longer recommended for prevention of 
allergic diseases. In fact, evidence that early intro-
duction of certain foods is beneficial in decreasing 
the risk of asthma and allergic diseases is emerging 
On a nutrient level, it has been hypothesized that 
changes in antioxidant intake, the ratio of dietary 
n-6:n-3 polyunsaturated fatty acids, and vitamin 
D might play a role in the development of asthma 
and allergic diseases29. Observational studies have 
reported inverse associations between asthma and 
n-3 polyunsaturated fatty acids and dietary antiox-
idants in the postnatal diet, although supplementa-
tion of infants’ diet with fish oil or vitamin D have 
so far failed to show any major benefit. A maternal 
intake of antioxidant rich foods, fish oil and vita-
min D during pregnancy has been reported to be 
inversely associated with wheezing, asthma and 
other allergic diseases in the offspring. In addition, 
limited intervention data suggested that some ben-
efits of fish oil supplementation during pregnancy 
in reducing the risk of allergic disease in offspring.

Maternal Factors for Cow’s Milk Allergy 
and Asthma

Maternal age at delivery has been observed to 
be inversely associated with the risk of asthma in 
two studies30,31, directly associated in one study 
(Juhn et al 2005), and not associated in two stud-
ies32. Studies by McKeever et al33 and Bråbäck et 
al34 found age-dependent associations; the inverse 
association was stronger or present in children di-
agnosed with asthma at early ages, whereas the 
association was weaker or not present in children 
diagnosed at older ages.

Evidence on the role of exposure to smoking on 
the development of various food allergies is lim-
ited. A birth cohort study35 explored infant feed-
ing patterns as well as subsequent immunological 
patterns of CMA proving no association between 
maternal smoking during pregnancy and CMA 

in the infant. On the contrary, maternal smoking 
during pregnancy is a generally accepted risk fac-
tor for respiratory symptoms, reduced lung func-
tion, and a 20%-68% increased risk of asthma32,36. 
In a study in the recent past37, an increased risk of 
asthma was observed in children diagnosed with 
asthma at early ages, whereas no association was 
observed in children diagnosed at older ages.

Perinatal Factors
In perinatal factors the mode of delivery mat-

ters to some extent. Two meta-analyses38,39 have 
recently summarized the association between de-
livery by caesarean section and the risk of asth-
ma. Both meta-analyses concluded that delivery 
by caesarean section was associated with a rough-
ly 20% increase in the subsequent development of 
asthma compared with vaginal delivery. In addi-
tion, some studies have reported an increased risk 
of asthma in children born by assisted vaginal 
delivery compared with children born by normal 
spontaneous vaginal delivery40,41, whereas also 
null association with assisted vaginal delivery has 
been reported42.

Evidence on fetal growth and the risk of CMA 
and other food allergies is limited. Low birth 
weight has been associated with a decreased risk 
of food allergy43, but also no association between 
low birth weight and/or gestational age has been 
reported44. Liem et al44 assessed the role of high 
birth weight on food allergy, but they failed to 
find an association. On the contrary, several stud-
ies have explored associations between gestation-
al age and birth weight and the risk of asthma, 
with inconsistent findings. 

Effects of Antibiotics Usage
Antibiotics are natural or synthetic drugs 

which inhibit microbial growth or kill microbes 
such as bacteria. An increased risk of asthma or 
wheeze in the offspring who were exposed to an-
tibiotics prenatally was observed in earlier stud-
ies45,46. A largest cohort study46 reported a 10% 
increased risk of asthma in children whose moth-
ers were non-asthmatic and had used antibiotics 
during pregnancy. In a study, by Stensballe et al47 
the strongest association was observed for macro-
lides. Also, Stensballe et al47 observed that mater-
nal antibiotics for both non-respiratory infections 
and other indications were associated with an in-
creased risk of asthma.

Children’s use of antibiotics and the subsequent 
development of asthma or wheeze have been ex-
plored more extensively. The major outcome of 
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these studies48 was that exposure to antibiotics 
during the first year of life was related with an in-
creased risk of asthma in childhood, but the asso-
ciation was significantly stronger in retrospective 
studies than in prospective studies. Recently, two 
systematic reviews49,50 concluded that exposure to 
antibiotics was associated with a weak increase in 
risk of asthma or wheeze. The largest studies as-
sessing the dose-response effect of antibiotics48,51,52 
reported a 30% to 99% increased risk of asthma 
in children exposed to antibiotics five, six or more 
times during early childhood. Age-dependent as-
sociations have been observed in some studies: the 
association between exposure to antibiotics and the 
risk of asthma was found to be stronger in children 
diagnosed at early ages than in later childhood. 
Further, an increased risk of asthma has been ob-
served in children diagnosed at early ages, but not 
in children diagnosed at older ages53. 

Conclusions

So, this can be concluded from the review that 
external feeding including Cow’ milk is one of 
the prominent cause of paediatric allergies and 
the effect is influenced by multiple causes includ-
ing prenatal arrangements, perinatal conditions, 
age, antibiotics. However, still further research is 
required in the above area to make confirmatory 
conclusions. 

Conflicts of interest
The authors declare no conflicts of interest.

References 

 1) Jung YH, Seo JH, Kim HY, Kwon Jw, Kim BJ, Kim HB, 
Lee SY, Jang gC, Song DJ, Kim wK, SHim JY, Hong SJ. 
The relationship between asthma and bronchiolitis is 
modified by TLR4, CD14, and IL-13 polymorphisms. 
Pediatr Pulmonol 2015; 50: 8-16.

 2) PearCe n, aït-KHaLeD n, BeaSLeY r, maLLoL J, KeiL 
u, mitCHeLL e, roBertSon C. Worldwide trends in the 
prevalence of asthma symptoms: phase III of the Inter-
national Study of Asthma and Allergies in Childhood 
(ISAAC). Thorax 2007; 62: 758-766.

 3) HoLt Pg, JoneS Ca. The development of the immune 
system during pregnancy and early life. Allergy 2000; 
55: 688-697.

 4) noverr mC, HuffnagLe gB. The ‘microflora hypoth-
esis’ of allergic diseases. Clin Exp Allergy 2005: 
35:1511-1520.

 5) eDer w, ege mJ, von mutiuS e. The asthma epidemic. 
N Engl J Med 2006; 355:2226-2235.

 6) BernSen rm, van Der wouDen JC, nageLKerKe nJ, 
nageLKerKe D, De JongSte JC. Early life circumstanc-
es and atopic disorders in childhood. Clin Exp Allergy 
2006; 36: 858-865.

 7) JoHanSSon Sg, BieBer t, DaHL r. Revised nomencla-
ture for allergy for global use: Report of the Nomen-
clature Review Committee of theWorld Allergy Orga-
nization, October 2003. J Allergy Clin Immunol 2004; 
113: 832-836.

 8) fioCCHi a, BrozeK J, SCHünemann H, BaHna SL, von 
Berg a, BeYer K, BozzoLa m, BraDSHer J, ComPaLati e, 
eBiSawa m, guzmán ma, Li H, Heine rg, KeitH P, LaCK 
g, LanDi m, marteLLi a, ranCé f, SamPSon H, Stein a, 
terraCCiano L, vietHS S; World Allergy Organization 
(WAO) Special Committee on Food Allergy.World Al-
lergy Organization (WAO). Diagnosis and Rationale 
for Action against Cow’s Milk Allergy (DRACMA) 
Guidelines. Pediatr Allergy Immunol 2010; 21: 1-125.

 9) SamPSon Ha, gertH van wiJK r, BinDSLev-JenSen C, 
SiCHerer S, teuBer SS, BurKS aw, DuBoiS ae, BeYer K, 
eigenmann Pa, SPergeL Jm, werfeL t, CHinCHiLLi vm. 
Standardizing double-blind, placebo-controlled oral 
food challenges: American Academy of Allergy, Asth-
ma & Immunology-European Academy of Allergy and 
Clinical Immunology PRACTALL consensus report. J 
Allergy Clin Immunol 2012; 130: 1260-1274.

10) Papadopoulos NG, Arakawa H, Carlsen KH, Custovic 
a, gern J, LemanSKe r, Le Souef P, mäKeLä m, roBertS 
g, wong g, zar H, aKDiS Ca, BaCHarier LB, Bar-
aLDi e, van Bever HP, De BLiC J, Boner a, BurKS w, 
CaSaLe tB, CaStro-roDriguez Ja, CHen Yz, eL-gamaL 
Ym, everarD mL, friSCHer t, geLLer m, gereDa J, goH 
DY, guiLBert tw, HeDLin g, HeYmann Pw, Hong SJ, 
HoSSnY em, Huang JL, JaCKSon DJ, De JongSte JC, Ka-
LaYCi o, aït-KHaLeD n, KLing S, Kuna P, Lau S, LeDforD 
DK, Lee Si, Liu aH, LoCKeY rf, LøDruP-CarLSen K, Löt-
vaLL J, moriKawa a, nieto a, ParameSH H, PawanKar r, 
PoHuneK P, PongraCiC J, PriCe D, roBertSon C, roSario 
n, roSSenwaSSer LJ, SLY PD, Stein r, StiCK S, SzefLer S, 
tauSSig Lm, vaLovirta e, viCHYanonD P, waLLaCe D, 
weinBerg e, wennergren g, wiLDHaBer J, zeiger rS. 
International consensus on (ICON) pediatric asthma. 
Allergy 2012; 67: 976-997.

11) SPYCHer BD, SiLverman m, KueHni Ce. Phenotypes of 
childhood asthma: are they real? Clin Exp Allergy 
2010; 40:1130-114.

12) SeKirov i, ruSSeLL SL, antuneS LC, finLaY BB. Gut mi-
crobiota in health and disease. Physiol Rev 2010; 90: 
859-904.

13) SuDo n, Sawamura S, tanaKa K, aiBa Y, KuBo C, Koga Y. 
The requirement of intestinal bacterial flora for the devel-
opment of an IgE production system fully susceptible to 
oral tolerance induction. J Immunol 1997; 159: 1739-1745.

14) noverr mC, HuffnagLe gB. The ‘microflora hypoth-
esis’ of allergic diseases. Clin Exp Allergy 2005; 35: 
1511-1520.

15) PenDerS J, StoBBeringH ee, van Den BranDt Pa, tHiJS 
C. The role of the intestinal microbiota in the develop-
ment of atopic disorders. Allergy 2007; 62: 1223-1236.

16) PreSCott S anD CLifton v. Asthma and pregnancy: 
emerging evidence on epigenetic interactions in utero. 
Curr Opin Allergy Clin Immunol 2009; 9: 417-426.

17) SuBBarao P, manDHane PJ, SearS mr. Asthma: ep-
idemiology, etiology and risk factors. CMAJ 2009; 
181:E181-190.

RE
TR

ACT
ED



Cow milk induced allergies (CMA) and asthma in new born

1013

18) Hong X, tSai HJ, wang X. Genetics of food allergy. 
Curr Opin Pediatr 2009; 21:770-776.

19) BartLett nw, mCLean gr, CHang YS, JoHnSton SL. 
Genetics and epidemiology: asthma and infection. 
Curr Opin Allergy Clin Immunol 2009; 9: 395- 400.

20) iLLi S, von mutiuS e, Lau S, Bergmann r, niggemann 
B, SommerfeLD C, waHn u; MAS Group. Early child-
hood infectious diseases and the development of asth-
ma up to school age: a birth cohort study. BMJ 2001; 
322: 390-395.

21) BaLL tm, CaStro-roDriguez Ja, griffitH Ka, HoLBerg 
CJ, martinez fD, wrigHt aL. Siblings, day-care at-
tendance, and the risk of asthma and wheezing during 
childhood. N Engl J Med 2000; 343: 538-543.

22) mCKeever tm, LewiS Sa, SmitH C, HuBBarD r. Mode 
of delivery and risk of developing allergic disease. J 
Allergy Clin Immunol 2002; 109: 800-802.

23) HagerHeD-engman L, BorneHag Cg, SunDeLL J, aBerg 
n. Day-care attendance and increased risk for respira-
tory and allergic symptoms in preschool age. Allergy 
2006; 61: 447-453.

24) vartiainen e, PetäYS t, HaaHteLa t, JouSiLaHti P, PeK-
Kanen J. Allergic diseases, skin prick test respons-
es, and IgE levels in North Karelia, Finland, and the 
Republic of Karelia, Russia. J Allergy Clin Immunol 
2002; 109: 643-648.

25) von Hertzen L, HanSKi i, HaaHteLa t. naturaL immu-
nitY. Biodiversity loss and inflammatory diseases are 
two global megatrends that might be related. EMBO 
Rep 2011; 12: 1089-1093.

26) ege mJ, maYer m, normanD aC, genuneit J, CooK-
Son wo, Braun-faHrLänDer C, HeeDeriK D, Piar-
rouX r, von Mutius E. GABRIELA Transregio 22 
Study Group. Exposure to environmental microor-
ganisms and childhood asthma. N Engl J Med 2011; 
364: 701-709.

27) HanSKi i, von Hertzen L, fYHrquiSt n, KoSKinen K, 
torPPa K, LaatiKainen t, KariSoLa P, auvinen P, PauLin 
L, mäKeLä mJ, vartiainen e, KoSunen tu, aLeniuS H, 
HaaHteLa t. Environmental biodiversity, human mi-
crobiota, and allergy are interrelated. Proc Natl Acad 
Sci U S A 2012; 109: 8334-8339

28) KneePKenS Cm, BranD PL. Clinical practice: breast-
feeding and the prevention of allergy. Eur J Pediatr 
2010; 169: 911-917.

29) weSt Ce, viDeKY DJ anD PreSCott S. Role of diet in 
the development of immune tolerance in the context of 
allergic disease. Curr Opin Pediatr 2010; 22: 635-641.

30) nafStaD P, magnuS P, JaaKKoLa JJK. Risk of childhood 
asthma and allergic rhinitis in relation to pregnancy 
complications. J Allergy Clin Immunol 2000; 106: 
867-873

31) Yuan w, fonager K, oLSen J, SørenSen Ht. Prenatal 
factors and use of anti-asthma medications in early 
childhood: a population-based Danish birth cohort 
study. Eur J Epidemiol 2003; 18: 763-768.

32) miDoDzi wK, rowe BH, maJaeSiC Cm, SaunDerS 
LD, SentHiLSeLvan a. Early life factors associated 
with incidence of physician-diagnosed asthma in 
preschool children: results from the Canadian Ear-
ly Childhood Development cohort study. J Asthma 
2010; 47: 7-13.

33) mCKeever tm, LewiS Sa, SmitH C, CoLLinS J, HeatLie H, 
friSCHer m, HuBBarD r. Early exposure to infections 
and antibiotics and the incidence of allergic disease: 

A birth cohort study with the West Midlands General 
Practice Research Database. J Allergy Clin Immunol 
2002; 109: 43-50.

34) BråBäCK L, BJör o anD norDaHL g. Early determi-
nants of first hospital admission for asthma and acute 
bronchitis among Swedish children. Acta Paediatr 
2003: 92: 27-33.

35) Saarinen Km, Juntunen-BaCKman K, JärvenPää aL, 
Kuitunen P, LoPe L, renLunD m, SiivoLa m, SaviLa-
Hti e. Supplementary feeding in maternity hospitals 
and the risk of cow’s milk allergy: a prospective 
study of 6209 infants. J Allergy Clin Immunol 1999; 
104: 457-461.

36) KieCHL-KoHLenDorfer u, HoraK e, mueLLer w, StroBL 
r, HaBerLanD C, finK fm, SCHwaiger m, gutenBerger 
KH, reiCH H, meraner D, KieCHL S. Neonatal charac-
teristics and risk of atopic asthma in schoolchildren: 
results from a large prospective birth-cohort study. 
Acta Paediatr 2007; 96: 1606-1610.

37) DaviDSon r, roBertS Se, wotton CJ, goLDaCre mJ. 
Influence of maternal and perinatal factors on subse-
quent hospitalization for asthma in childre: evidence 
from the Oxford record linkage study. BMC Pulm 
Med 2010; 10: 14.

38) Bager P, woHLfaHrt J, weStergaarD t. Caesarean 
delivery and risk of atopy and allergic disease: me-
ta-analyses. Clin Exp Allergy 2008; 38: 634-642.

39) tHavagnanam S, fLeming J, BromLeY a, SHieLDS mD, 
CarDweLL Cr. A meta-analysis of the association be-
tween Caesarean section and childhood asthma Clin 
Exp Allergy 2008; 38: 629-633.

40) KeSKi-niSuLa L, HarJu m, JärveLin mr, PeKKanen J. 
Vacuumassisted delivery is associated with late-onset 
asthma. Allergy 2009; 64: 1530-1538

41) HanCoX rJ, miLne BJ, taYLor Dr, greene Jm, Cow-
an Jo, fLannerY em, HerBiSon gP, mCLaCHLan Cr, 
PouLton r, SearS mr. Relationship between socioeco-
nomic status and asthma: a longitudinal cohort study. 
Thorax 2004; 59: 376-380.

42) BernSen rm, De JongSte JC, KoeS Bw, aarDoom Ha, 
van der Wouden JC. Perinatal characteristics and ob-
stetric complications as risk factors for asthma, allergy 
and eczema at the age of 6 years. Clin Exp Allergy 
2005; 35: 1135-1140

43) KoPLin JJ, DHarmage SC, PonSonBY aL, tang mL, 
Lowe aJ, gurrin LC, oSBorne nJ, martin Pe, roB-
inSon mn, waKe m, HiLL DJ, aLLen KJ; Health Nuts 
Investigators. Environmental and demographic risk 
factors for egg allergy in a population-based study of 
infants. Allergy 2012; 67: 1415-1422.

44) Liem JJ, KozYrSKYJ aL, Huq Si, BeCKer aB. The risk of 
developing food allergy in premature or lowbirth-weight 
children. J Allergy Clin Immunol 2007; 119: 1203-1209.

45) marteL mJ, reY e, maLo JL, PerreauLt S, BeauCHeSne 
mf, forget a, BLaiS L. Determinants of the incidence 
of childhood asthma: a two-stage case-control study. 
Am J Epidemiol 2009; 169: 195-205.

46) KäLLén B, finnStröm o, nYgren Kg, otterBLaD 
oLauSSon P. Maternal drug use during pregnancy and 
asthma risk among children. Pediatr Allergy Immunol 
2013; 24: 28-32.

47) StenSBaLLe Lg, SimonSen J, JenSen Sm, BønneLYKKe K, 
BiSgaarD H. Use of antibiotics during pregnancy in-
creases the risk of asthma in early childhood. J Pediatr 
2013; 162: 832-838.

RE
TR

ACT
ED



W. Wang, H.-W. Wu, J.-F. Liu

1014

48) marra f, marra Ca, riCHarDSon K, LYnD LD, KozYrSKYJ 
a, PatriCK Dm, Bowie wr, fitzgeraLD Jm. Antibiotic 
use in children is associated with increased risk of 
asthma. Pediatrics 2009; 123: 1003-1010

49) murK w, riSneS Kr, BraCKen mB. Prenatal or ear-
ly-life exposure to antibiotics and risk of childhood 
asthma: a systematic review. Pediatrics 2011; 127: 
1125-1138

50) PenDerS J, KummeLing i, tHiJS C. Infant antibiotic use 
and wheeze and asthma risk: a systematic review 
and meta-analysis. Eur Respir J 2011; 38: 295-302.

51) aLmqviSt C, wettermarK B, HeDLin g, Ye w, LunDHoLm 
C. Antibiotics and asthma medication in a large regis-
terbased cohort study--confounding, cause and effect. 
Clin Exp Allergy 2012; 42: 104-111.

52) KozYrSKYJ aL, ernSt P, BeCKer aB. Increased risk of 
childhood asthma from antibiotic use in early life. 
Chest 2007; 131: 1753-1759.

53) mai X-m, KuLL i, wiCKman m, BergStröm a. Antibiotic 
use in early life and development of allergic diseases: re-
spiratory infections as the explanation. Clin Exp Allergy 
2010; 40: 1230-1237.

RE
TR

ACT
ED




