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Impact of COVID-19 on care-seeking patterns for hay fever in
Japan: A retrospective claims database cohort study

To the Editor,

Hay fever is an immune-mediated systemic disorder that requires per-
sonalized treatment approaches for each symptom and factor.! Inter-
estingly, the widespread adoption of mask-wearing and restrictions
on outdoor activities to prevent coronavirus disease 2019 (COVID-
19) transmission have inadvertently served as preventive measures
for hay fever, potentially influencing symptomatology and treatment
trends during the pandemic.2 Nevertheless, a comprehensive inves-
tigation using large-scale medical data is yet to be conducted into
changes in care-seeking patterns for hay fever during the COVID-19

pandemic. Thus, we evaluated changes in hay fever care-seeking pat-
terns during the COVID-19 pandemic using a claims database.

We conducted a retrospective cohort study using data recorded
in the JMDC database (JMDC Inc., Tokyo, Japan) between January
2018 and May 2021; only those individuals with continuous records
during the study period were included in the analysis. We classified
patients with diagnosis-related codes for hay fever who were pre-
scribed hay fever-related medications during outpatient visits as
having hay fever. Patients who were prescribed medications during
the hay fever season (January-May) were defined as having hay

FIGURE 1 Case identification flowchart for this study. ICD-10, International Statistical Classification of Diseases and Related Health

Problems 10th revision.
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fever during that season. The detailed methodology is described in
Appendix S1: Methods.

Figure 1 shows the case identification process for the patients
included in this study. Overall, 11,272,334 individuals were regis-
tered in the JMDC database between January 2018 and May 2021.
Among these, 4,944,599 were identified as continuous subscribers
in the JMDC database. Subsequently, 24,722,995 were determined
to be the cumulative 5-month continuous subscribers in the hay
fever season. Overall, 2,598,178 individuals with hay fever during
the hay fever seasons were identified. The detailed patient charac-
teristics of the included patients are shown in Appendix S1: Results.

Figure 2A shows the monthly outpatient-visit rates for hay fever
between January 2018 and May 2021.The average outpatient-visit
rates during the hay fever season (January to May) in 2018,
2019, 2020, and 2021 were 12.1% (2,996,545 out of 24,722,995

individuals), 12.9% (3,196,010 out of 24,722,995 individuals), 10.3%
(2,557,091 out of 24,722,995 individuals), and 10.5% (2,586,173 out
of 24,722,995 individuals), respectively. These figures indicate a sig-
nificant decrease in the outpatient-visit rates for hay fever during
the COVID-19 pandemic (Figure 2B, p<.001). Figure 2C shows the
number of prescriptions for hay fever-related medications between
January 2018 and May 2021; the total number of these prescriptions
during this period was 38,756,380. The number of prescriptions
during the hay fever season (January to May) in 2018, 2019, 2020,
and 2021 was 6,197,772, 6,614,412, 5,045,884, and 5,262,375 re-
spectively. These figures indicate a decreasing trend during the
COVID-19 pandemic (p=.033; Figure 2D).

When compared to the corresponding pre-pandemic data, our
data showed that hay fever-related outpatient visits and prescrip-

tions in hay fever seasons decreased during the pandemic. These
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FIGURE 2 Annual changes in items during the COVID-19 pandemic. (A) Monthly visit rates for hay fever from January 2018 to May 2021
(denominator: 4,944,599 continuous subscribers in the JMDC database). (B) Average visit rates for hay fever during the hay fever season
(January-May) from 2018 to 2021 (denominator: 24,722,995 cumulative 5-month continuous subscribers in hay fever season, ***p <.001
[;(2 test]). (C) Monthly number of prescriptions of hay fever-related medications from January 2018 to May 2021. (D) Total number of
prescriptions of hay fever-related medications during the hay fever season from 2018 to 2021 (*p=0.033 [t-test]).
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effects stem from efforts to minimize SARS-CoV-2 exposure,
from government enforcement of mask usage, strict hand hygiene,
and limited out-of-home activities.’ In Japan, sales of over-the-
counter (OTC) medications for allergic rhinitis in 2020 decreased
from those in 2019.6 Considering the simultaneous drop in prescrip-
tions and OTC medication sales after the pandemic, it appears un-
likely that the decrease in outpatient visits and prescriptions for hay
fever was due to the available OTC remedies. Instead, the trends ob-
served in this study were more likely the result of lifestyle changes
that suppress certain hay fever symptoms.

This study has a few limitations. First, the data used in this study
were limited to specific diagnoses and prescriptions. Second, pro-
viders may have prescribed medications for longer durations than
those in the pre-pandemic years to minimize repeat visits to adapt to
pandemic-related regulations. Third, the effect of each year's pollen
dispersion on the health-seeking behavior in the patients with hay
fever has not studied.

In conclusion, our findings suggest that lifestyle changes and al-
tered perspectives brought about by the COVID-19 pandemic may
have impacted hay fever symptoms and associated health care-seek-

ing behaviors.

FUNDING INFORMATION

Japan Agency for Medical Research and Development; The Institute
for Environmental & Gender-specific Medicine, Juntendo Univer-
sity; The OTC Self-Medication Promotion Foundation

AUTHOR CONTRIBUTIONS

Yasutsugu Akasaki acquired the data, analyzed and interpreted the
data, and was involved in drafting the manuscript; Masao Iwagami
contributed to the study design, Jaemyoung Sung was involved in
drafting the manuscript; Takenori Inomata contributed to the con-
ception and design of the study, acquisition of data, and analysis and
interpretation of data. All authors contributed to revising the manu-
script critically and have approved the final version for publication.

ACKNOWLEDGMENTS

The authors thank all members of the Department of Ophthalmol-
ogy, Department of Digital Medicine, Department of Hospital Ad-
ministration, and Department of Telemedicine and Mobile Health, at
the Juntendo University Graduate School of Medicine for providing
critical comments on this manuscript. This work was supported by
the AMED (grant number P19ek0410063 [T.l.] and JP23ek0410090
[T.Al)); the Institute for Environmental & Gender-specific Medicine,
Juntendo University (T.1.); the OTC Self-Medication Promotion Foun-
dation 2019 and 2021 (T.1.); the Kondou Kinen Medical Foundation,
Medical Research Encouragement Prize 2020 (T.l.); the Nishikawa
Medical Foundation 2022 (Y. Okumura); a Health, Labor and Wel-
fare Sciences Research Grant (grant number 21FE2001 to H.M.); and
the Ichiro Kanehara Foundation (T.l.). The funding sources had no
role in the study design; collection, analysis, and interpretation of
data; writing of the report; and in the decision to submit the article
for publication.

CONFLICT OF INTEREST STATEMENT

H.M. received a grant from GlaxoSmithKline Japan. M.T. received
lecture fees from Sanofi, Astra Zeneca UCB Japan, and KYORIN
Pharmaceutical Co., Ltd. K.N., Y. Okumura, and A.M.Il. received
personal fees from InnolJin, Inc. outside the submitted work. S.
Nakao. received grants from Kowa Company. Ltd.; Mitsubishi Tan-
abe Pharma Corporation, Alcon Japan, Ltd.; Santen Pharmaceutical
Co., Ltd.; Machida Endoscope Co., Ltd.; Wakamoto Pharmaceutical
Co., Ltd.; Bayer Yakuhin, Ltd.; Senju Pharmaceutical Co., Ltd. Nip-
pon Boehringer Ingelheim Co., Ltd., Chugai Pharmaceutical Co., Ltd.,
Hoya Corporation, and Novartis Pharma K.K., outside the submit-
ted work. T.I. reports (1) nonfinancial support from Lion Corporation
and Sony Network Communications Inc.; (2) grants from Johnson
& Johnson Vision Care, Inc.; Yuimedi, Inc.; ROHTO Pharmaceutical
Co., Ltd.; Kobayashi Pharmaceutical Co., Ltd.; Kandenko co., Ltd.;
and Fukoku Co., Ltd.; and (3) personal fees from Santen Pharma-
ceutical Co., Ltd.; InnoJin, Inc.; and Ono Pharmaceutical Co., Ltd,;
outside the submitted work. The remaining authors declare no com-

peting interests.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

Yasutsugu Akasaki®?®

Masao Iwagami4

Jaemyoung Sung1

Ken Naginol'z’s'6

Takeya Adachi®”®

Hideaki Morita®”%°

Mayumi Tamari>!

Keigo Kainuma®*?

Keiko Kan-0°13

Hiroaki Ogata®*

Masafumi Sakashita®*®

Masaki Futamura®1¢

Yosuke Kurashima®17:18:19.20.21

Saeko Nakajima®?2

Katsunori Masaki®?%®

Yasushi Ogawa®?*

Sakura Sato>%

Akihiro Miyagawa’
Akie Midorikawa-Inomata>*
Keiichi Fujimoto®?

Yuichi Okumura®?¢

Kenta Fujio'?
Tianxiang Huang®?
Kunihiko Hirosawal?
Yuki Morooka®*?
Shintaro Nakao®
Akira Murakami®?
Hiroyuki Kobayashi®

Takenori Inomata®%3>:6:26

85UB017 SUOWILLOD BAIERID 3ot (dde ay) Aq peusenob ale sape O ‘85N J0 Sa|nI o ARIq1T 8UIIUO 4|1 UO (SUOIPUOD-PpUe-SLLBIAY A3 1M Ale.q Ul |UD//:SANLY) SUONIPUOD PUe SWS | 81 89S *[202/60/20] Uo Afeldiauljuo A8|im ‘uewdoprsq puy UiesH pliuD o4 BIUeD euolieN AQ Zy6ST ' |R/TTTT 0T/I0pAL0Y A8 | AReiq1uljuo//sdny Wwolj pepeojumod ‘v 'v20Z ‘Se6686ET


https://orcid.org/0000-0001-9527-0115
https://orcid.org/0000-0001-7079-0640
https://orcid.org/0000-0002-9441-3687
https://orcid.org/0000-0002-0317-6074
https://orcid.org/0000-0002-5289-5980
https://orcid.org/0000-0003-0928-8322
https://orcid.org/0000-0002-5755-9177
https://orcid.org/0000-0002-9036-5550
https://orcid.org/0000-0002-7736-588X
https://orcid.org/0000-0002-6932-747X
https://orcid.org/0000-0002-5634-6276
https://orcid.org/0000-0002-7442-9649
https://orcid.org/0000-0001-8588-4033
https://orcid.org/0000-0003-0831-1447
https://orcid.org/0000-0003-0909-9409
https://orcid.org/0000-0003-3553-9607
https://orcid.org/0000-0003-3674-0759
https://orcid.org/0000-0002-0732-3262
https://orcid.org/0000-0002-6054-5710
https://orcid.org/0000-0003-0420-0782
https://orcid.org/0000-0002-5521-5469
https://orcid.org/0000-0002-8472-0800
https://orcid.org/0000-0001-8867-1367
https://orcid.org/0000-0001-6775-3697
https://orcid.org/0000-0002-0461-2659
https://orcid.org/0000-0003-4200-0052
https://orcid.org/0000-0002-0022-2514
https://orcid.org/0000-0001-7441-5610
mailto:
https://orcid.org/0000-0003-3435-1055

LETTERS

Department of Ophthalmology, Juntendo University Graduate
School of Medicine, Tokyo, Japan

2Department of Digital Medicine, Juntendo University Graduate
School of Medicine, Tokyo, Japan

SENGAGE-Task Force, Tokyo, Japan

4Depari.“ment of Health Services Research, Institute of Medicine,
University of Tsukuba, Ibaraki, Japan

SDepartment of Hospital Administration, Juntendo University
Graduate School of Medicine, Tokyo, Japan

$Department of Telemedicine and Mobile Health, Juntendo
University Graduate School of Medicine, Tokyo, Japan
’Department of Dermatology, Keio University School of
Medicine, Tokyo, Japan

8Department of Medical Regulatory Science, Graduate School
of Medical Science, Kyoto Prefectural University of Medicine,
Kyoto, Japan

?Department of Allergy and Clinical Imnmunology, National
Research Institute for Child Health and Development, Tokyo,
Japan

10AHergy Center, National Center for Child Health and
Development, Tokyo, Japan

Upivision of Molecular Genetics, Research Center for Medical
Science, The Jikei University School of Medicine, Tokyo, Japan
2institute for Clinical Research, National Hospital Organization,
Mie National Hospital, Mie, Japan

13Department of Respiratory Medicine, Graduate School of
Medical Sciences, Kyushu University, Fukuoka, Japan
4Department of Respiratory Medicine, NHO Fukuoka National
Hospital, Fukuoka, Japan

5Djvision of Otorhinolaryngology Head and Neck Surgery,
Department of Sensory and Locomotor Medicine, University of
Fukui, Fukui, Japan

16Departfment of Pediatrics, National Hospital Organization
Nagoya Medical Center, Aichi, Japan

YDepartment of Innovative Medicine, Graduate School of
Medicine, Chiba University, Chiba, Japan

18)nstitute for Advanced Academic Research, Chiba University,
Chiba, Japan

Ynternational Research and Development Center for Mucosal
Vaccines, The Institute of Medical Science, The University of
Tokyo, Tokyo, Japan

20Depari.“ment of Pathology/Medicine, Allergy and Vaccines, CU-
UCSD Center for Mucosal Immunology, University of California,
San Diego, California, USA

2!Mucosal Immunology and Allergy Therapeutics, Institute for
Global Prominent Research, Graduate School of Medicine, Chiba
University, Chiba, Japan

22Department of Drug Discovery for Inflammatory Skin Diseases,
Kyoto University Graduate School of Medicine, Kyoto, Japan
23Djvision of Pulmonary Medicine, Department of Medicine,
Keio University School of Medicine, Tokyo, Japan
24Department of Advanced Medicine, Nagoya University

Hospital, Aichi, Japan

25Department of Allergy, Clinical Research Center for Allergy
and Rheumatology, NHO Sagamihara National Hospital,
Kanagawa, Japan

26A[ Incubation Farm, Juntendo University Graduate School of
Medicine, Tokyo, Japan

Correspondence

Takenori Inomata, Department of Ophthalmology, Juntendo
University Graduate School of Medicine, 2-1-1 Hongo,
Bunkyo-ku, Tokyo 113-0033, Japan.

Email: tinoma@juntendo.ac.jp

ORCID
Yasutsugu Akasaki "= https://orcid.org/0000-0001-9527-0115
https://orcid.org/0000-0001-7079-0640
Jaemyoung Sung "' https://orcid.org/0000-0002-9441-3687
https://orcid.org/0000-0002-0317-6074
https://orcid.org/0000-0002-5289-5980
https://orcid.org/0000-0003-0928-8322
https://orcid.org/0000-0002-5755-9177
https://orcid.org/0000-0002-9036-5550
https://orcid.org/0000-0002-7736-588X
https://orcid.org/0000-0002-6932-747 X
https://orcid.org/0000-0002-5634-6276
https://orcid.org/0000-0002-7442-9649
https://orcid.org/0000-0001-8588-4033
https://orcid.org/0000-0003-0831-1447
https://orcid.org/0000-0003-0909-9409
https://orcid.org/0000-0003-3553-9607
https://orcid.org/0000-0003-3674-0759
https://orcid.org/0000-0002-0732-3262
https://orcid.
org/0000-0002-6054-5710
https://orcid.org/0000-0003-0420-0782
https://orcid.org/0000-0002-5521-5469
https://orcid.org/0000-0002-8472-0800
https://orcid.org/0000-0001-8867-1367
https://orcid.org/0000-0001-6775-3697
https://orcid.org/0000-0002-0461-2659
https://orcid.org/0000-0003-4200-0052
https://orcid.org/0000-0002-0022-2514
https://orcid.org/0000-0001-7441-5610
https://orcid.org/0000-0003-3435-1055

Masao lwagami

Ken Nagino
Takeya Adachi
Hideaki Morita
Mayumi Tamari
Keigo Kainuma
Keiko Kan-o
Hiroaki Ogata
Masafumi Sakashita
Masaki Futamura
Yosuke Kurashima
Saeko Nakajima
Katsunori Masaki
Yasushi Ogawa
Sakura Sato
Akihiro Miyagawa
Akie Midorikawa-Inomata

Keiichi Fujimoto
Yuichi Okumura
Kenta Fujio
Tianxiang Huang

Kunihiko Hirosawa
Yuki Morooka

Shintaro Nakao
Akira Murakami
Hiroyuki Kobayashi
Takenori Inomata

REFERENCES

1. Inomata T, Nakamura M, Iwagami M, et al. Symptom-based strati-
fication for hay fever: a crowdsourced study using the smartphone
application AllerSearch. Allergy. 2021;76(12):3820-3824.

2. Dror AA, Eisenbach N, Marshak T, et al. Reduction of allergic rhi-
nitis symptoms with face mask usage during the COVID-19 pan-
demic. J Allergy Clin Immunol Pract. 2020;8(10):3590-3593.

85UB017 SUOWILLOD BAIERID 3ot (dde ay) Aq peusenob ale sape O ‘85N J0 Sa|nI o ARIq1T 8UIIUO 4|1 UO (SUOIPUOD-PpUe-SLLBIAY A3 1M Ale.q Ul |UD//:SANLY) SUONIPUOD PUe SWS | 81 89S *[202/60/20] Uo Afeldiauljuo A8|im ‘uewdoprsq puy UiesH pliuD o4 BIUeD euolieN AQ Zy6ST ' |R/TTTT 0T/I0pAL0Y A8 | AReiq1uljuo//sdny Wwolj pepeojumod ‘v 'v20Z ‘Se6686ET


mailto:tinoma@juntendo.ac.jp
https://orcid.org/0000-0001-9527-0115
https://orcid.org/0000-0001-9527-0115
https://orcid.org/0000-0001-7079-0640
https://orcid.org/0000-0001-7079-0640
https://orcid.org/0000-0002-9441-3687
https://orcid.org/0000-0002-9441-3687
https://orcid.org/0000-0002-0317-6074
https://orcid.org/0000-0002-0317-6074
https://orcid.org/0000-0002-5289-5980
https://orcid.org/0000-0002-5289-5980
https://orcid.org/0000-0003-0928-8322
https://orcid.org/0000-0003-0928-8322
https://orcid.org/0000-0002-5755-9177
https://orcid.org/0000-0002-5755-9177
https://orcid.org/0000-0002-9036-5550
https://orcid.org/0000-0002-9036-5550
https://orcid.org/0000-0002-7736-588X
https://orcid.org/0000-0002-7736-588X
https://orcid.org/0000-0002-6932-747X
https://orcid.org/0000-0002-6932-747X
https://orcid.org/0000-0002-5634-6276
https://orcid.org/0000-0002-5634-6276
https://orcid.org/0000-0002-7442-9649
https://orcid.org/0000-0002-7442-9649
https://orcid.org/0000-0001-8588-4033
https://orcid.org/0000-0001-8588-4033
https://orcid.org/0000-0003-0831-1447
https://orcid.org/0000-0003-0831-1447
https://orcid.org/0000-0003-0909-9409
https://orcid.org/0000-0003-0909-9409
https://orcid.org/0000-0003-3553-9607
https://orcid.org/0000-0003-3553-9607
https://orcid.org/0000-0003-3674-0759
https://orcid.org/0000-0003-3674-0759
https://orcid.org/0000-0002-0732-3262
https://orcid.org/0000-0002-0732-3262
https://orcid.org/0000-0002-6054-5710
https://orcid.org/0000-0002-6054-5710
https://orcid.org/0000-0002-6054-5710
https://orcid.org/0000-0003-0420-0782
https://orcid.org/0000-0003-0420-0782
https://orcid.org/0000-0002-5521-5469
https://orcid.org/0000-0002-5521-5469
https://orcid.org/0000-0002-8472-0800
https://orcid.org/0000-0002-8472-0800
https://orcid.org/0000-0001-8867-1367
https://orcid.org/0000-0001-8867-1367
https://orcid.org/0000-0001-6775-3697
https://orcid.org/0000-0001-6775-3697
https://orcid.org/0000-0002-0461-2659
https://orcid.org/0000-0002-0461-2659
https://orcid.org/0000-0003-4200-0052
https://orcid.org/0000-0003-4200-0052
https://orcid.org/0000-0002-0022-2514
https://orcid.org/0000-0002-0022-2514
https://orcid.org/0000-0001-7441-5610
https://orcid.org/0000-0001-7441-5610
https://orcid.org/0000-0003-3435-1055
https://orcid.org/0000-0003-3435-1055

LETTERS

3. Norwood J, Kheshti A, Shepherd BE, et al. The impact of COVID-19
on the HIV Care Continuum in a large urban southern clinic. AIDS
Behav. 2022;26(8):2825-2829.

4. lkesu R, Miyawaki A, Sugiyama T, Nakamura M, Ninomiya H,
Kobayashi Y. Trends in diabetes care during the COVID-19
outbreak in Japan: an observational study. J Gen Intern Med.
2021;36(5):1460-1462.

5. Huang QM, Song WQ, Liang F, et al. Non-pharmaceutical inter-
ventions implemented to control the COVID-19 were associ-
ated with reduction of influenza incidence. Front Public Health.
2022;10:773271.

6. Wakamiya S, Morimoto O, Omichi K, et al. Exploring relationships
between tweet numbers and over-the-counter drug sales for aller-
gicrhinitis: retrospective analysis. JMIR Form Res. 2022;6(2):e33941.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

DOI: 10.1111/all.15973

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.! 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-, 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 naive/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-f expression. TGF-§ is vital for induc-

tion of Tregs® and has important roles in Breg-induced control of

autoimmunity and allergy.3’4 Intracellular 1L-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 (CFSEM cells) compared
to HDM-responsive B-cells (CFSE"" 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 patients® or 7 AA patients,® 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 4months 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.”

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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