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B cell phenotype and function in infants with egg allergy 9 

 10 

To the Editor,   11 

IgE-mediated food allergy is a major public health burden, affecting up to 10% of infants (1). 12 

B cells play a crucial role in the development of food allergy, primarily through allergen-13 

specific IgE (sIgE) production that mediates allergic immune responses. B cells also 14 

modulate other immunological processes, including the production of inflammatory and 15 

regulatory cytokines. Increasing evidence suggests a role for these cytokines in human 16 

disease, however, their role in the development or resolution of IgE-mediated food allergy 17 

remains largely unknown. In the present study, we aimed to phenotype and quantify 18 

circulating B cell subsets in infants with food allergy and investigate the contribution of B 19 

cell-derived cytokines in the development of food allergy and the acquisition of natural 20 

tolerance in childhood. 21 

A subset of 59 infants were selected from the HealthNuts cohort for this study (n=38 egg 22 

allergic one-year-old infants and n=21 non-sensitised, non-food allergic one-year-old 23 

infants). Oral food challenges (OFC) were performed according to standardised protocols (2). 24 

Egg allergic infants (n=38) had a positive SPT ≥ 2mm and an sIgE level of ≥0.35kUA/L to 25 

egg and an unequivocal objective allergic reaction during egg OFC at age one year. Healthy 26 

control infants (n=21) were non-sensitised and non-allergic by OFC. All infants with 27 
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challenge-confirmed egg allergy at one year of age undertook repeat raw egg OFC, SPT and 28 

sIgE tests to determine their egg allergy status at age four years. Of the 38 raw egg allergic 29 

participants selected for this study, 22 acquired tolerance to egg by age four (designated 30 

transient egg allergic) while 16 remained egg allergic (persistent egg allergic). Supplementary 31 

Table 1 describes the demographics of the selected cohort. Blood was collected at one year of 32 

age and cryopreserved peripheral blood mononuclear cells (PBMCs) used for flow cytometry 33 

as previously reported (3, 4). B cell subpopulations (naïve, switched memory, non-switched 34 

memory and double negative) were quantified using the strategies outlined in Supplementary 35 

Figure 1. For assessment of B cell cytokine production, purified CD3-CD19+

We report that egg allergic one-year-old infants show lower numbers of total circulating B 41 

cells relative to non-allergic infants (2.0x10

 B cells (BD 36 

Influx Cell Sorter) were stimulated for 72h at 37°C with 300µg/ml of endotoxin cleaned egg 37 

white extract (0.3EU/ml) or 1µM of CpG-2006. Supernatants were then harvested and frozen 38 

at -80°C for later quantification of cytokines by cytometric bead array (CBA). For detailed 39 

methods, please see online supplement.  40 

5 cells/ml vs 2.9x105 cells/ml, p=0.031) (Figure 42 

1A). We have additionally observed that the reduction in circulating B cell number in egg 43 

allergic infants was evident in the naïve (1.3x105 cells/ml vs 1.9x105 cells/ml, p=0.046), non-44 

switched memory (0.5x104 cells/ml vs 1.3x104 cells/ml, p<0.0001) and switched-memory 45 

(2.8x104 cells/ml vs 6.0x104

A decrease in the frequency of total B cells in children with eczema has recently been 50 

reported (

 cells/ml, p=0.0041) B cell sub-populations (Figures 1B-E). 46 

When B cell subsets were expressed as frequencies of the total B cell pool, this reduction was 47 

most prominent in the switched and non-switched memory B cell subsets (Supplementary 48 

Figure 2A-D).  49 

5). However, the authors observed no differences between the major B cell subsets 51 

in children with eczema relative to healthy controls. Given that infants with egg allergy often 52 

have concomitant eczema, we sought to determine whether the B cell subset decreases 53 

observed in our food allergic infants were also associated with the presence of eczema. We 54 

found that the decrease in the number of memory B cell subsets in egg allergic infants was 55 

observed independent of eczema status, and we report no significant differences in B cell 56 

subset numbers between infants with eczema alone (without egg allergy) relative to non-egg 57 

allergic, no-eczema controls (Supplementary Figure 3).  58 
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IL-10 producing B cells have been shown to have a protective effect in human allergic 59 

diseases by supressing effector T cells and inducing regulatory T cell responses (6). One 60 

study of milk allergy found greater proliferation of IL-10+ 

7

B cells following allergen 61 

stimulation in non-allergic patients when compared to those with milk allergy ( ). We found 62 

greater production of B cell-derived IL-10 (13pg/ml vs 7.7pg/ml, p=0.04), IL-6 (54pg/ml vs 63 

30pg/ml, p=0.03) and CCL3 (75pg/ml vs 14pg/ml, p=0.009) in non-allergic infants relative to 64 

egg allergic infants following non-specific stimulation with the TLR-9 ligand CpG (Figure 65 

1F-H). Interestingly, both egg and CpG stimulation increased B cell-derived IL-8 production 66 

from egg allergic infants relative to non- allergic infants (1.6-fold and 3.7-fold increase, 67 

respectively; Figure 1I).  68 

We next sought to determine if the altered B cell responses were associated with the natural 69 

history of egg allergy in early childhood. To do this, we stratified egg allergic infants by their 70 

subsequent egg allergy status at follow up and compared immune responses at one year of 71 

age in infants with persistent or transient egg allergy. Both persistent and transient egg 72 

allergic infants showed reduced numbers of non-switched memory B cells at age one relative 73 

to non-allergic controls (0.3x104cells/ml vs 1.2x104cells/ml, p=0.0002, and 0.5x104cells/ml 74 

vs 1.2x104cells/ml, p=0.01, respectively) however only infants with persistent egg allergy 75 

outcomes demonstrated a decrease in the switched-memory subset (2.6x104cells/ml vs 76 

6x104

Purified B cells from infants with transient egg allergy produced less IL-6 and IL-10 84 

following CpG stimulation relative to infants with persistent egg allergy or healthy controls 85 

(Figure 2E-G, all p<0.05). This suggests that reduced early life B cell capacity following toll 86 

like receptor engagement may be associated with the development of tolerance in childhood. 87 

Future investigation of the role of regulatory B cell subsets in this response will provide 88 

further insight. In all stimulation conditions, B cell IL-8 production was significantly elevated 89 

in infants with persistent egg allergy relative to infants with transient egg allergy (Figure 2H, 90 

all p<0.05). We have previously shown that monocytes from infants with persistent egg 91 

cells/ml, p=0.012) (Figure 2A-D). Whether the observed suppression of circulating 77 

memory B cell numbers in food allergic infants is due to an innate deficit in these subsets or 78 

is due to T cell-induced immune suppression is unclear. However, the observation that the 79 

deficit is primarily observed in the memory subsets, both of which have been shown to 80 

demonstrate characteristics of antigen selection, may suggest the latter. Future work 81 

investigating the phenotype and function of these B cells in prior to allergy onset (within the 82 

first 6 months of life) will help answer these questions.  83 
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allergy produce more inflammatory cytokines (IL-1β, TNF-α and IL-8) at baseline and 92 

following in vitro endotoxin exposure when compared to infants with transient egg allergy 93 

(3). We now extend these findings to report that egg allergy in the first year of life is also 94 

associated with elevated production of inflammatory IL-8 from activated B cells, and that this 95 

effect was most significant in infants with persistent egg allergy. Whilst we are the first to 96 

report these findings in the context of food allergy, a positive correlation between B cell IL-8 97 

production and disease severity has been observed in other diseases of the gut, including 98 

Crohn’s disease and ulcerative colitis (8, 9).  99 

In summary, we have shown that egg allergic infants have reduced numbers of circulating B 100 

cells that produce altered cytokine responses at baseline and following TLR stimulation. Our 101 

results provide new insights into the underlying biology that drive the clinical phenotypes of 102 

egg allergy, highlighting the possibility that increased inflammatory activation of B cells in 103 

the first year of life may contribute to the persistence of allergic immune responses in 104 

childhood and that reduced B cell capacity following innate stimulation may be associated 105 

with the induction of natural tolerance.   106 
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Figure 1. Egg allergic infants show reduced numbers of circulating B cells and altered B cell-183 

derived cytokine profiles at one year of age. (A-E) Total B cells, naïve, switched memory, 184 

non-switched memory and double negative B cells expressed as cell number per ml in egg 185 

allergic (n=38) and non-egg allergic (n=21) one year old infants. (F-I) FACS-sorted B cells 186 

from egg allergic (n=10) and non-allergic (n=10) infants were cultured for 72h in the 187 

presence of media alone, egg allergen or CpG. Following culture, supernatants were 188 

harvested and production of IL-6, CCL3, IL-8, IL-10 and L-8 was assessed by cytometric 189 

bead array, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 190 
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 198 

Figure 2. Distinct B cell profiles at one year of age in persistent and transient egg allergy (A-199 

D). Naïve B cells, switched memory B cells, non-switched memory and double negative B 200 

cells expressed as cell number per ml in egg allergic one year old infants, stratified by their 201 

persistent (n=15) or transient (n=23) outcome at follow up compared with non-allergic 202 

control infants (n=21). (E-H) FACS-sorted B cells from infants with persistent (n=5) or 203 

transient (n=5) allergy and non-allergic healthy infants (n=10) were cultured for 72h in the 204 

presence of media alone, egg allergen or CpG. Following culture, supernatants were 205 

harvested and production of IL-6, CCL3, IL-8, IL-10 and L-8 was assessed by cytometric 206 

bead array, *p<0.05, **p<0.01, ***p<0.001.  207 
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