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It All Begins In Utero: Cord Blood Bacterial DNA and T Cell Immunity

There is a well-established association between allergy and asthma.
The prevalence of asthma is significantly higher among atopic
individuals compared with nonatopic ones, and conversely, the
prevalence of atopy is significantly higher among individuals
with asthma compared with those without asthma (1). Multiple
studies have supported the hygiene hypothesis, which states that
early childhood exposure to infectious agents or their products
influences susceptibility to allergic diseases by altering the
natural development of the immune system, as originally proposed by
Strachan in 1989 (2). Indeed, differential exposure to microbes and
colonization of mucosal sites by microbes early in life have been linked
to the subsequent development of asthma (3–5).

Neonatal mononuclear cells derived from umbilical cord
blood respond by proliferating and releasing cytokines (e.g., IL-13
and interferon-g [IFN-g]) when cultured in the presence of
common aeroallergens (6). Previous work by the Finn laboratory
indicated independent contributions of neonatal and maternal
influences, such as smoking and race/ethnicity, to umbilical cord
blood lymphoproliferative responses to allergens (7). In this issue
of the Journal, Turturice and colleagues (pp. 419–427) postulate a
relationship between perinatal microbial exposure and T-helper
cell type (Th)1/Th2 responses to specific aeroallergens (Der f1
and Bla g2) in cord blood (8). To test this hypothesis, they used
high-throughput sequencing of cord blood bacterial 16S ribosomal
DNA (rDNA) to assess bacterial diversity. They correlated the
presence of specific bacterial taxa with lymphocyte proliferation
and cytokine release in response to Bla g2 and Der f1, and with
cord blood serum cytokine levels (IL-4, IL-5, IL-13, and IFN-g).
They found that the IL-13 cytokine response to these aeroallergens
was related to the taxonomic structure and diversity of bacterial
DNA. In particular, there was a strong association between the
ratio of Moraxellaceae to Proteobacteria and IL-13 production
after allergen exposure, and a significant correlation of serum IL-13
concentration with cord blood bacterial DNA diversity. Based on
these results, they suggest a relationship between immune
responses to aeroallergens and bacterial exposure during
perinatal development. The study reinforces the concept of a
relationship between an individual’s microbiome and allergic
responses, suggesting that assessment of cord blood bacterial diversity
could be used as a predictor of asthma and allergy risk later in life.

This study has several important limitations. First, the small
sample size (n = 27) limits analysis to the most abundant bacterial
families and phyla, and results in reduced statistical power to detect
potentially important associations between exposures and
outcomes. Second, the study did not assess immune responses to
the most common aeroallergens, including those derived from cat
(Fel d1), dog (Can f1), and Alternaria sp. (9). Third, the authors
only assessed cord blood IL-13 and IFN-g cytokine responses, and
did not examine other T cell responses, including Treg (IL-10), Th9
(IL-9), and Th17 (IL-17) responses. Fourth, it remains unclear
whether 16S rDNA is simply a marker of bacterial exposure and
other pathogen-associated molecular patterns or acts as the driver
of the immune response. In addition, the source of the bacterial

DNA remains enigmatic. Fifth, the cross-sectional nature of the
analysis precludes a causal inference. Indeed, immune responses
might influence exposure to bacteria rather than vice versa (10).
Finally, the absence of clinical outcomes data in this cohort limits
our ability to determine the contribution of cord blood bacterial
16S rDNA to the subsequent development of allergy and asthma.

The fact that bacterial rDNA diversity correlates with
lymphoproliferative and cytokine responses in cord blood
suggests that in utero exposures may influence the subsequent
development of the immune system in the neonate. This study
provides strong evidence for an association between perinatal
bacterial exposure and T cell immunity. In addition to highlighting
the value of cord blood microbial profiling for predicting the
subsequent development of allergy and asthma, this study has
important implications regarding the mechanisms by which
perinatal bacterial exposures could influence T cell development
and immune health. Furthermore, this information might facilitate
the development of personalized interventional approaches. For
example, the ability to manipulate the microbiome in utero or
during the early perinatal period could be beneficial for the primary
prevention of allergic diseases and asthma. Finally, the
interindividual variability observed in the relationship between
16S rDNA exposure and the immune response suggests
contributions from genetic and/or epigenetic factors. Future work
performed in larger cohorts to examine long-term immunologic
and clinical outcomes, and investigate other immune cell responses
to the most common aeroallergens involved in allergy and
asthma pathogenesis will lead to the development of novel
preventative and therapeutic strategies to treat these conditions.
In addition, future studies should focus on unraveling the precise
molecular mechanisms underlying these associations, as well as
the contributions of genetic and environmental factors. n

Author disclosures are available with the text of this article at
www.atsjournals.org.

Patricia Silveyra, Ph.D.
Department of Pediatrics
Pennsylvania State University College of Medicine
Hershey, Pennsylvania

Darryl C. Zeldin, M.D.
Division of Intramural Research
National Institute of Environmental Health Sciences
National Institutes of Health
Research Triangle Park, North Carolina

ORCID ID: 0000-0001-7083-8915 (P.S.).

References

1. Arbes SJ Jr, Gergen PJ, Vaughn B, Zeldin DC. Asthma cases attributable
to atopy: results from the Third National Health and Nutrition
Examination Survey. J Allergy Clin Immunol 2007;120:1139–1145.

Editorials 379

http://www.atsjournals.org/doi/suppl/10.1165/rcmb.2017-0185ED/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://orcid.org/0000-0001-7083-8915


2. Strachan DP. Hay fever, hygiene, and household size. BMJ 1989;299:
1259–1260.

3. Ege MJ, Mayer M, Normand AC, Genuneit J, Cookson WO, Braun-
Fahrländer C, Heederik D, Piarroux R, von Mutius E; GABRIELA
Transregio 22 Study Group. Exposure to environmental microorganisms
and childhood asthma. N Engl J Med 2011;364:701–709.

4. Bisgaard H, Hermansen MN, Buchvald F, Loland L, Halkjaer LB,
Bønnelykke K, Brasholt M, Heltberg A, Vissing NH, Thorsen SV, et al.
Childhood asthma after bacterial colonization of the airway in
neonates. N Engl J Med 2007;357:1487–1495.

5. Arrieta MC, Stiemsma LT, Dimitriu PA, Thorson L, Russell S, Yurist-
Doutsch S, Kuzeljevic B, Gold MJ, Britton HM, Lefebvre DL, et al.; CHILD
Study Investigators. Early infancy microbial and metabolic alterations
affect risk of childhood asthma. Sci Transl Med 2015;7:307ra152.

6. Gold DR, Willwerth BM, Tantisira KG, Finn PW, Schaub B, Perkins DL,
Tzianabos A, Ly NP, Schroeter C, Gibbons F, et al. Associations of cord
blood fatty acids with lymphocyte proliferation, IL-13, and IFN-gamma.
J Allergy Clin Immunol 2006;117:931–938.

7. Willwerth BM, Schaub B, Tantisira KG, Gold DR, Palmer LJ, Litonjua
AA, Perkins DL, Schroeter C, Gibbons FK, Gillman MW, et al.
Prenatal, perinatal, and heritable influences on cord blood
immune responses. Ann Allergy Asthma Immunol 2006;96:
445–453.

8. Turturice BA, Ranjan R, Nguyen B, Hughes LM, Andropolis KE, Gold DR,
Litonjua AA, Oken E, Perkins DL, Finn PW. Perinatal bacterial
exposure contributes to IL-13 aeroallergen response. Am J Respir Cell
Mol Biol 2017;57:419–427.

9. Salo PM, Arbes SJ Jr, Crockett PW, Thorne PS, Cohn RD, Zeldin
DC. Exposure to multiple indoor allergens in US homes and
its relationship to asthma. J Allergy Clin Immunol 2008;121:
678–684.e2.

10. Soto-Quiros M, Avila L, Platts-Mills TA, Hunt JF, Erdman DD, Carper H,
Murphy DD, Odio S, James HR, Patrie JT, et al. High titers of IgE
antibody to dust mite allergen and risk for wheezing among
asthmatic children infected with rhinovirus. J Allergy Clin Immunol
2012;129:1499–1505.e5.

EDITORIALS

380 American Journal of Respiratory Cell and Molecular Biology Volume 57 Number 4 | October 2017


