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THE INTERACTION BETWEEN RESPIRATORY 

ALLERGIES AND INFECTION

ABSTRACT

The link between allergy and infection, or the microbial world, is receiving world-wide attention. Infectious organ-

isms may play a role in allergy prevention, but some organisms have been linked to the causation of atopic disease. 

Many (sometimes the same) organisms may exacerbate atopic disease, including diseases of the respiratory tract. 

INTRODUCTION

Bdiscussion may be useful. Allergic rhinitis implies an in-

allergic basis.1 This form of allergy is usually mediated by im-

munoglobulin E (IgE).1

disease of the lower airways, and is characterised by airway 

hyper-responsiveness to multiple triggers which produce inter-

mittent and reversible symptoms.2 

human body, mediated by immunological mechanisms.3 The 

-

herited tendency to produce IgE-mediated allergy and resultant 
3

The human body is exposed to a multitude of microbes and 

infectious organisms throughout life. Many of these organisms 

‘colonise’ the skin, gastrointestinal tract (GIT) and airway. Today 

we recognise that this colonisation includes the lower airway, 

previously thought to be sterile.4 These colonising organisms 

play an important role in disease prevention, including allergic 

disease. However, new evidence of immune dysregulation 

suggests that early colonisation, especially of the GIT and 

airway, by pathogenic micro-organisms, has deleterious effects 

that may contribute to the allergic and atopic potential of young 

children.

By the same token, atopic individuals who have an underlying 

produced by infectious organisms, viruses and bacteria, de-

We should consider the relationship between ‘infection’ and 

respiratory atopy in either disease causation (or prevention) 

(Figure 1) and disease exacerbation.

MICROBES, DISEASE CAUSATION AND 

PREVENTION

depending on its make-up, may have allergy protective 

-

exposure in the infant diet,5

the presence of healthy or probiotic bacteria.6 The term 

David Strachan in London.7 Derived from his study showing 

that a child’s risk of developing allergic rhinitis or “hay fever” 

was inversely related to the number of older siblings in the 

family, it was suggested that microbial exposure in early life 

protects against allergic rhinitis, eczema, and asthma. It is 

now recognised that the concept is better explained by de-

clining microbial diversity8 and hence better terms may be 

used, such as:

• “microbial hypothesis” (avoiding an overemphasis on 

cleanliness); 

• “old friends hypothesis” (implying that microbes that 
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Figure 1: Microbial interaction in allergic disease causation
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been eliminated or replaced); 

• “biodiversity hypothesis” or “biome depletion”.  

Lower GIT microbial diversity in infancy has been linked to 

a greater risk of asthma in later life.6 There are many ways 

in which the microbial diversity can be improved in young 

children, including natural vaginal birth, birth out of hospital, 

birth and infancy on a farm, and avoiding unnecessary an-

tibiotics. What is missing from the body of evidence is that 

effects. There is emerging evidence of probiotic supple-

mentation in pregnancy being able to reduce the incidence 

of atopic dermatitis (AD)9 and mitigate the severity of AD in 

children,10 but as yet there is little convincing evidence that 

probiotic supplementation reduces airway allergy.

New data on the ‘atopic march’, however, suggests that 

early AD in children has a direct effect on later airway allergy 

through the production of cutaneous and systemic thymic 

stromal lymphopoietin (Figure 2).11 This substance is released 

up a child for the allergic march and airway allergy later in life. 

and IgE production in susceptible airways.

relates to airway allergy. This operates through the gene 

defects increase the risk of developing allergic sensitisation, 

atopic eczema, and allergic rhinitis.12 Filaggrin gene muta-

tions also increased the risk of asthma in people with atopic 

eczema.13

people in early life may help prevent the development of 

sensitisation, and halt the development and progression of 

allergic disease.

At the opposite end of the spectrum of ‘declining microbial 

diversity’ and disease causation is a paradoxical concept 

that the presence of so-called ‘commensal’ organisms in the 

infant hypopharynx in early life may in fact relate to asthma 

onset in later life. This work, made famous by Hans Bisgaard, 

has revealed that infants who have early ‘colonisation’ of the 

more severe wheeze and later asthma. The most consistent 

effect is shown for  but Streptococcus 

pneumoniae also plays a role.14 The odds ratio (OR) for as-

sociation of early  colonisation, and 

asthma at 5 years of age is 4.57 (CI 2.18 – 9.57).14 It seems 

likely, however, that this association is not direct causation 

(organism – asthma) but rather representative of an under-

lying immune defect placing children at risk of both early 

There is now increasing evidence that the asthma phenotype 

Whilst allergy may contribute to asthma initiation, viruses and 

important. The effect on asthma, however, is strongest when 

both factors (allergy and infection) operate in synergy.15 

New evidence suggests that susceptibility to recurrent 

viral infections, failure to generate protective immune tole-

rance to aero-allergens, and the interaction of these factors 

defects of respiratory epithelial (including mucosal dendritic)  

cells.15-18 The resultant viral interaction with airway cells 

associations are now being discovered.19 Toll-like receptor 1 

single nucleotide polymorphisms (TLR1 SNPs) has been 

associated with both atopy and multiple viral presence in 

host airways.19

MICROBES AND RESPIRATORY ATOPIC DISEASE 

EXACERBATION

Whilst wheeze in children is a common problem, most children 
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Figure 2: Thymic stromal lymphopoietin (TSLP) in the allergic march11
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who wheeze, even children who wheeze recurrently, do not 

go on to develop asthma. Some years ago it was demon-

strated that of the respiratory viruses producing wheeze, the 

greatest risk for recurrent wheeze comes with Rhinovirus 

(RV). Presence of RV increases the risk for recurrent wheeze 

3.3 fold (p < 0.05).20

In addition to recurrent wheeze, it is now widely accepted that 

acute exacerbations of asthma are largely driven by RV in-

fections.21 The mechanisms therefore, for asthma causation 

operate at the point of exposure to viruses, to manifest an 

asthma exacerbation.22 Early work has also suggested that 

atopic individuals, through increased intracellular adhesion 

molecule 1 (ICAM-1), are more likely to attract and retain RV in 

the lower airway (Figure 4).23

Whilst the mere presence of RV produces asthma exacer-

bations, persistence of RV determines more severe asthma 

exacerbations.24

admitted with an asthma exacerbation were characterised: 

74% were atopic, RV nucleic material (RNA) was isolated 

from the airway in 82%, whilst respiratory syncytial virus 

(PEFR) was lower at 6 weeks in children with RV RNA that 

persisted until 6 weeks (p = 0.009). In addition, exa cerbations 

were more severe in children with RV RNA at 6 weeks.24 

The RV story builds; today 4 serotypes of RV (A-D) have 

acute asthmatic children. The novel RV type C (RVC), was 

present in the majority of children with acute asthma (59.4%) 

and associated with more severe asthma. Children with RVC 

(n = 76) had higher asthma severity scores than children 

whose HRV infection was RVA or RVB only (n = 34; p = 

0.018).25 This evidence suggests that RVC is the causal 

agent of more severe disease. 

evident. There is clear and new evidence that expression of 

human cadherin-related family member 3 (CDHR3) enables 

the cells normally unsusceptible to RV-C infection to support 

both virus binding and replication, and the asthma suscep-

tibility gene product CDHR3 mediates RV-C entry into host 

cells, and suggests that rs6967330 mutation could be a risk 

factor for RV-C wheezing illnesses.26 In addition, variants at 

had had HRV wheezing illnesses and with expression of two 

genes at this locus.27

with HRV wheezing illnesses in early life, but not with RSV 

wheezing illnesses.27

-
28 In that pandemic, next to 

pregnant women, asthmatics had the highest mortality, suggest-

widely recommended that asthmatic adults and children receive 

CONCLUSION

The interaction between respiratory allergies, infection and  
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microbial colonisation is clearly a complex issue. Microbes 

concept of tolerance promotion. This is especially true of pro-

biotic organisms in the infant GIT. It is, however, also evident 

that both bacteria and viruses may induce airway atopic asthma. 

-

tible individuals. 

Finally, exacerbations of asthma are almost exclusively driven 

to be an important culprit.

however, is evidence of therapeutic interventions to put these 

mechanisms right. It might have seemed that a universal 

unifying hypothesis of disease causation and therapy lay in the 

Despite good evidence that recurrent infections, allergy and 
 29-31 

32

Certainly it must be said that infectious diseases and allergy 

are intimately linked. This may provoke renewed interest in anti-

infective agents as therapy. As a word of caution, there is no 

onset or exacerbations of asthma. We live in a world of excess 

antimicrobial resistance of micro-organisms, and antibiotics in 

airway atopic conditions have a very limited role. 

-

cluding what impact pollution has on airway atopy, what the 

relationship is between allergy in the nose and viral upper respi-

ratory tract infections.

-

ies will ensue to reduce the burden of allergic disease through 

manipulation of the microbial world we live in and live with. It is 

hoped that both prevalence of atopic diseases and incidence of 

disease exacerbations will be mitigated.

REFERENCES
1. 

Health Organization. Allergic rhinitis and its impact on asthma. J Allergy Clin 

Immunol 2001;108:S147-S334.

2. Global Initiative for Asthma (GINA). Global strategy for asthma management 

and prevention. 2014 Update. http://www.gina.org (Accessed January 2015)

3. World Allergy Organisation/European Association Allergy Clinical 

allergic_diseases_center/nomenclature/english.php. (Accessed May 2015) 

4. Bassis CM, Erb-Downward JR, Dickson RP, et al. Analysis of the upper re-

spiratory tract microbiotas as the source of the lung and gastric microbiotas 

in healthy individuals. MBio 2015;6:e00037. 

5. Koplin JJ, Osborne NJ, Wake M, et al. Can early introduction of egg pre-

vent allergy in infants? A population-based study. J Allergy Clin Immunol 

2010;126:807-13.

6. Abrahamsson TR, Jakobsson HE, Andersson AF, Björkstén B, et al. Low 

gut microbiota diversity in early infancy precedes asthma at school age. Clin 

Exp Allergy 2014;44(6):842-50.

7. Strachan DP. Hay fever, hygiene and household size. Br Med J 

1989;299:1259-60.

8. Von Mutius E. Allergies, infections and the hygiene hypothesis - The epide-

miological evidence. Immunobiology 2007;212:433-439.

9. Pelucchi C, Chatenoud L, Turati F, Galeone C, et al. Probiotics supplemen-

tation during pregnancy or infancy for the prevention of atopic dermatitis: a 

meta-analysis. Epidemiology 2012;23(3):402-14.

10. Kim SO, Ah YM, Yu YM, Choi KH, et al. Effects of probiotics for the treat-

ment of atopic dermatitis: a meta-analysis of randomized controlled trials. 

Ann Allergy Asthma Immunol 2014;113:217-26.

11. Li M. Current evidence of epidermal barrier dysfunction and thymic stromal 

lymphopoietin in the atopic march. Eur Respir Rev 2014;23:292-298.

12. Van den Oord RA, Sheikh A. Filaggrin gene defects and risk of developing 

allergic sensitisation and allergic disorders: systematic review and me-

ta-analysis. Br Med J 2009;339:b2433. 

13. Weidinger S, O’Sullivan M, Illig T, et al. Filaggrin mutations, atop-

ic eczema, hay fever, and asthma in children. J Allergy Clin Immunol 

2008;121:1203-1209. 

14. Bisgaard H, Hermansen MN, Buchvald F, et al. Childhood asthma after bac-

terial colonization of the airway in neonates. N Eng J Med 2007;357:1487-95.

15. Holt PG, Strickland DH, Hales BJ, Sly PD. Defective respiratory tract im-

mune surveillance in asthma: a primary casual factor in disease onset and 

progression. CHEST 2014;145:370-378.

16. Holtzman MJ, Patel DA, Zhang Y, Patel AC. Host epithelial-viral; interactions 

as cause and cure for asthma. Curr Opin Immunol 2011;23:487-494.

17. Holt PG, Strickland DH. Interactions between innate and adaptive immunity 

in asthma pathogenesis: new perspectives from studies on acute exacerba-

tions. J Allergy Clin Immunol 2010;125:963-972.

18. Holt PG, Strickland DH, Bosco A, Jahnsen FL. Pathogenic mechanisms 

2009;104:51-113.

19. Daley D, Park JE, He JQ, et al. Associations and interactions of genetic 

polymorphisms in innate immunity genes with early viral infections and sus-

ceptibility to asthma and asthma-related phenotypes. J Allergy Clin Immunol 

2012;130:1284-1293. 

20. Midulla F, Pierangeli A, Cangiano G, et al. Rhinovirus bronchiolitis and recur-

rent wheezing: 1-year follow-up. Eur Respir J 2012;39:396-402.

21. Gern JE. How rhinovirus infections cause exacerbations of asthma. Clin Exp 

Allergy 2015;45:32-42.

22. Papadopolous NG, Xepapadaki P, Mallia P, et al. Mechanisms of virus-in-

duced asthma exacerbations: state-of-the-art. GA2LEN and InterAirways 

document. Allergy 2007;62:457-470.

23. Papi A, Papadopoulos NG, Stanciu LA, Bellettato CM, et al. Reducing 

agents inhibit rhinovirus-induced up-regulation of the rhinovirus receptor 

intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells. 

FASEB J 2002;16:1934-1936. 

24. Kling S, Donninger H, Williams Z, Vermeulen J, et al. Persistence of rhi-

novirus RNA after asthma exacerbation in children. Clin Exp Allergy 

2005;35:672-678.

25. Bizzintino J, Lee WM, Laing IA. Association between human rhinovirus C 

and severity of acute asthma in children. Eur Respir J 2011;37:1037-42.

26. Bochkov YA, Watters K, Ashraf S, et al. Cadherin-related family member 3, a 

childhood asthma susceptibility gene product, mediates rhinovirus C binding 

and replication. Proc Natl Acad Sci U S A 2015;112(17):5485-90.

27. -

ing illness and genetic risk of childhood-onset asthma. N Engl J Med 

2013;368(15):1398-407.

28. Samarasinghe AE, Woolard SN, Boyd KL, Hoselton SA, et al. The immune 

-

enza virus. Immunol Cell Biol 2014;92:449-459.

29. Cayir A, Turan MI, Ozkan O, Cayir Y, et al. Serum vitamin D levels in children 

with recurrent otitis media. Eur Arch Otorhinolaryngol 2014;271:689-693.

30. Mirzakhani H, Al-Garawi A, Weiss ST, Litonjua AA. Vitamin D and the 

development of allergic disease: how important is it? Clin Exp Allergy 

2015;45:114-25.

31. -

ciency. Curr Opin Allergy Clin Immunol 2009;9(3):202-207.

32. Bantz SK, Zhu Z, Zheng T. The role of vitamin D in pediatric asthma. Ann 

Pediatr Child Health 2015;3(1).pii:1032.


