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Early expansion of allergen-responsive LAP+ B regulatory cells 
in allergic rhinitis but not in allergic asthma subjects during 
allergen immunotherapy

To the Editor,
Allergen immunotherapy (AIT) is used successfully for treatment of 
allergic rhinitis (AR). There is also strong evidence of AIT being ef-
fective in allergic asthma (AA), when used as an add-on treatment 
to pharmacotherapy such as oral corticosteroids.1 There is limited 
data available on immunological effects of AIT in AA compared to 
AR and the impact of pharmacotherapy on mechanisms of AIT. In-
duction of B-regulatory (Bregs) and T-regulatory (Tregs) cells are key 
components in tolerance induction to allergens in AIT. Bregs pro-
duce immunosuppressive cytokines IL-10 and TGF-β, which not only 
suppress Th2 cell responses, but also mediate induction of Tregs.2 In 
this study, allergen-responsive B-cells were monitored in 7 AA and 8 
AR subjects prior to and after 4, 9, and 24 months of subcutaneous 
allergen immunotherapy (Figure  1A). Allergen-responsiveness was 
determined through in vitro proliferative cell responses, indicated by 
loss of CFSE, to house dust mite (HDM) allergen at day 5 (Table S1). 
In total, 10 clusters of allergen-responsive B-cells were identified 
(Figure 1B). Four clusters expressed the memory marker CD27 and 
six did not, mostly representing naïve/transitional B-cell popula-
tions. Within those B-cell populations, a CD71+CD73−CD25+LAP+ 
cluster was identified, consistent with a Breg phenotype. In AR sub-
jects, the frequency of LAP+ Bregs within allergen-responsive B-
cells increased at 24 months of AIT with nominal significance and 
was already significantly increased at 4 months (with fdr-correction, 
Figure  1C). This increased LAP-expression was however not ob-
served in AA subjects. LAP is ‘latency associated peptide’ and 
serves as a marker for TGF-β expression. TGF-β is vital for induc-
tion of Tregs2 and has important roles in Breg-induced control of 

autoimmunity and allergy.3,4 Intracellular IL-10 showed a minimal 
overlap with LAP-expression (Figure S1), suggesting that LAP+ Breg 
cells produce only minimal amounts of IL-10. The increased percent-
age of LAP+ Bregs in AR subjects at 4 months was accompanied with 
a (nominal) significant decrease in CD25+CD71−CD27+ memory B-
cell clusters (Cluster 1 and 5; Figure 1D). Again, this change was not 
observed in AA subjects. The frequency of LAP+ B-cells was mark-
edly lower in non-HDM responsive B-cells (CFSEhi cells) compared 
to HDM-responsive B-cells (CFSElow cells) and was not increased in 
AR or AA at 24 months of AIT (Figure S1). Enhanced HDM- or Der p 
1-responsive LAP+ B-cells were also observed in two independent 
cohorts of 14 untreated AR patients5 or 7 AA patients,6 respectively, 
and 23 age/sex-matched healthy controls. No differences were ob-
served between patients and their matched controls. This suggests 
that AIT forms a dominant trigger for the development of LAP+ B-
cells, and that this may be transient.

Changes also occurred within the transcriptome of allergen-
specific memory B-cells (Figure  2A). In AR subjects, there was a 
change in gene expression at 4 months of AIT, which did not occur 
in AA patients (Figure  2B). The gene ontology pathways included 
small GTPases-mediated signal transduction, important in cellular 
processes (signal transduction, cell adhesion, chemotaxis and motil-
ity, cell growth, and division), along with plasma cell, immunoglobulin 
(Ig) and MHC-TLR7-TLR8 pathways, necessary for germinal center 
forming and Ig production (Figure 2C). This was further reflected in 
reduced Ig heavy chain transcripts in AR subjects at 4 and 24 months 
of AIT, but not in AA patients (Figure 2D). Of interest, TLR7/8 path-
ways have been implicated in Breg function.7
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F I G U R E  1  Allergen-responsive B-cell populations in allergic rhinitis (AR) and allergic asthma (AA) subjects during allergen immunotherapy 
(AIT). (A) Allergen immunotherapy study set-up and dosing schedule. (B) Allergen-responsive B-cell identification (CFSElow cells; example 
is an AR patient at pre-dose) and expression clustering-based phenotyping represented by heatmap. (C) Cluster density plots and cluster 4 
(LAP+ B cells) frequency in AR and AA groups during AIT. (D) Cluster density plots and cluster 1&5 (CD27+ memory B cells) frequency in AR 
and AA groups during AIT. For AR (n = 6): at pre-dose 6 donors, at 4 months 5 donors, at 9 months 3 donors and at 24 months 6 donors are 
included. For AA (n = 6): at pre-dose 6 donors, at 4 months 4 donors, and at 9 and 24 months both 6 donors were included. *fdr < 0.05.
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In summary, AR subjects displayed early changes in B-cell pop-
ulations during the first 4 months of AIT consisting of increased 
HDM-responsive LAP+ B-cells and reduced Ig-related transcripts 
of allergen-responsive memory B-cells, which do not occur in al-
lergic asthma subjects. Asthma and quality of life scores showed 
improvement at 24 months of AIT (Figure S2); while allergen chal-
lenges post-immunotherapy confirming clinical efficacy were 
lacking. However as other studies showed variations in clinical 
efficacy between AR and AA,8 the differences observed in B-
cells at 4 months of AIT between these groups may shed light 

on immunological mechanisms involved in achieving clinical effi-
cacy and how it may differ between diseases. Additionally, use of 
steroid-based medication may prevent changes that would other-
wise occur during AIT. Indeed, steroids were shown to suppress 
Breg cell(s) (development) in patients with myasthenia gravis.9 
Overall, the observed differences in LAP+ B-cells between AR and 
AA patients may provide a first hint as why AIT in AA patients 
shows more variations in clinical efficacy. Further investigation is 
warranted to determine the consequences of these discrepancies 
between AR and AA on clinical outcome of AIT.

F I G U R E  2  Allergen-responsive memory B-cell populations in allergic rhinitis (AR) and allergic asthma (AA) subjects during allergen 
immunotherapy (AIT). (A) Allergen-responsive memory B-cells (CFSElow cells) selected for FACS isolation for RNA-sequencing. (B) Molecular 
degree of perturbation quantifying the heterogeneity between samples to indicate overall changes in gene expression. For AR (n = 4): at pre-
dose 3 donors, at 4 months 2 donors, and at 24 months 4 donors are included. For AA (n = 3): at pre-dose 3 donors, at 4 months 2 donors, and 
at 24 months 2 donors were included. (C) Gene set enrichment analysis indicating increased (red dots) or decreased (blue dots) expression of 
gene pathways compared to time point 0. Dot size indicated fold change. (D) IgH mapping of B cell receptors.
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Incidence of healthcare utilization for allergic and respiratory 
infectious diseases in children with asthma before and during 
the COVID-19 pandemic

To the Editor,
Recent studies have highlighted changes in the epidemiology of 
various diseases during the COVID-19 pandemic, although with con-
straints such as limited sample sizes or an exclusive focus on a single 
allergic disease.1,2 A higher risk of allergic comorbidities and an in-
creased susceptibility to respiratory infections are observed in chil-
dren with asthma.3 In this context, we investigated the healthcare 
utilization for allergic (allergic conjunctivitis [AC], atopic dermatitis 
[AD], allergic rhinitis [AR], and asthma) and respiratory infectious 
diseases (pneumonia and influenza) in children with asthma, both 
prior to and during the COVID-19 pandemic.

Participants were enrolled from the Korean Childhood Asthma 
Study (KAS) cohort.4 We integrated data from the KAS cohort and the 
Health Insurance Review and Assessment Service (HIRA) from March 
31, 2016 to March 31, 2021. Healthcare utilization incidence was de-
termined as the frequency of in-person hospital visits for specific dis-
eases monthly. An interrupted time series analysis was employed from 
March 2016 to February 2020 and from April 2020 to March 2021, 
with a 1-month interruption following the onset of the COVID-19 pan-
demic (March 2020). This analysis was adjusted for variables such as 
pollen and air pollutant levels (Figure S1). For a comprehensive meth-
odology, including statistical analysis, refer to Appendix S1.

The mean age of the 958 children at their time of enrollment in 
the KAS study was 8.4 years. A comparison of the average number 
of hospital visits per 100 children annually, during and before the 
pandemic, indicated significant decreases: 38.9% for AC and 44.1% 
for AD (Table 1, Table S1). More notable reductions were observed 
for AR (61.8%), asthma (68.5%), pneumonia (78.2%), and influenza 
(92.4%) following the pandemic.

While no immediate decrease in hospital visits for each dis-
ease was detected following the COVID-19 pandemic, a sustained 
reduction was observed (Table S2). Hospital visits for AC and AD 
showed a 26.7% and 38.4% sustained reduction, respectively, for 
1 year during the pandemic. Hospital visits for AR and asthma 
demonstrated sustained reductions of 46.0% (incidence rate ratio 
[IRR], 0.540; 95% CI, 0.466–0.610) and 47.8% (IRR, 0.522; 95% CI, 
0.414–0.631), respectively. Visits for pneumonia and influenza ex-
hibited the largest sustained decreases, with reductions of 51.2% 
(IRR, 0.488; 95% CI, 0.367–0.608) and 91.4% (IRR, 0.085; 95% CI, 
0.01–0.163), respectively (Table S2). A clear seasonal pattern, char-
acterized by a decreasing trend over time prior to the COVID-19 
pandemic, was noted; however, no discernible seasonal pattern 
following the pandemic was observed. When adjusted for pollen 
and air pollutant levels, similar results were observed (Figure  1). 
Significantly larger sustained decreases in the IRR, adjusted for air 
pollutant and pollen concentrations, were seen, though no signifi-
cant immediate effects during the early COVID-19 pandemic were 
noted (Table S3).

The observed declines in healthcare utilization might be at-
tributable to reduced exposure to triggers such as pollens and 
viral infections due to mask-wearing, and apprehension about 
accessing healthcare services. Investigating healthcare usage for 
a range of diseases, including allergic, infectious, and noninfec-
tious non-respiratory conditions, could provide insights into the 
shifts in healthcare utilization patterns during the pandemic. The 
early pandemic's potential impact of corticosteroid hesitancy in 
treating asthma exacerbations was not evaluated. The findings 
suggest that healthcare utilization for influenza and pneumonia 

© 2023 European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd.

Abbreviations: AC, allergic conjunctivitis; AD, atopic dermatitis; AR, allergic rhinitis; IRR, incidence rate ratio; KAS, Korean Childhood Asthma Study; NHIS, National Health Insurance 
System.
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