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LETTER TO EDITOR

TFH2 cells associate with enhanced humoral immunity to
SARS-CoV-2 inactivated vaccine in patients with allergic
rhinitis

To the Editor:
We report that allergic rhinitis (AR) patients displayed

enhanced humoral immune response to SARS-CoV-2 inac-
tivated vaccine as compared to healthy controls, and high-
light a pivotal role of type 2 T follicular helper cells in
this response. Vaccination is considered as the best strat-
egy to reduce SARS-CoV-2 infections and prevent severe
illness after breakthrough infections.1,2 Although SARS-
CoV-2 vaccines are highly protective against COVID-19 in
healthy individuals, the vaccine efficacy may be compro-
mised in patients with pre-existing conditions, resulting
in dysregulated immune systems. Recent data described
poorer humoral immunity to COVID-19 vaccines in indi-
viduals with kidney transplantation, undertaking dialysis,
or cancer, compared to healthy controls.1,2 Allergic dis-
eases, including AR, atopic dermatitis and asthma, are
caused by the immune system hypersensitivity to innocu-
ous environmental antigens and characterized by skewed
type 2 immune responses.3 Such chronic immunological
disorders are highly prevalent and estimated to affect up to
50%of theworld population.3 Allergic airway diseases have
been revealed to have a potential protective role in COVID-
19, possibly because of the reduction of SARS-CoV-2 recep-
tor angiotensin-converting enzyme 2 in airway epithelial
cells caused by type 2 cytokines and the abundant infiltra-
tion of eosinophils in airways.4 However, there are no stud-
ies formally investigating whether allergic diseases mod-
ulate the humoral response following vaccination against
SARS-CoV-2. In the present study, we compare immuno-
logical response after two-dose inactivated SARS-CoV-2
immunization between healthy subjects and patients with
AR.
We conducted a prospective study to evaluate the

potential impact of AR on the immune response after
two-dose inactivated SARS-CoV-2 immunization (Fig-
ure 1A). The trial was registered at https://clinicaltrials.gov
(NCT05009134). Twenty-five healthy adults and 32 patients
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with AR were recruited at Tongji Hospital (Table 1). AR
was diagnosed based on the concordance between typ-
ical allergic symptoms and atopic status.5 Atopic status
was assessed by skin-prick testing (SPT) and/or allergen-
specific immunoglobulin E (IgE) levels.6 AR patients
had at least 1-year disease history and had never been
infectedwith SARS-CoV-2. The exclusion criteria included
(i) the presence of sinusitis, (ii) pregnancy or breastfeed-
ing, (iii) with cardiovascular diseases, severe immunologic
diseases, chronic obstructive pulmonary disease, chronic
infections, diabetes, tumours, chronic kidney diseases or
stroke, and (iv) use of intranasal steroid or antihistamines
in the previous 1 week or oral steroids in the previous
3 months before this study. Healthy subjects had negative
SPT and specific IgE test and had no history of allergy.6 All
participants received two doses of inactivated SARS-CoV-2
vaccines (WIBP-CorV, Sinopharm, Wuhan) with 1 month
apart. Peripheral blood sampleswere collected on days 0, 7,
30 (before the seconddose), 37 (7 days post the seconddose)
and 60 (30 days post the second dose) to analyze humoral
immune responses to vaccination (Figure 1A). None was
lost to follow-up. In addition, a complementary approach
was adopted to further investigate the influence of AR on
the antibody response to natural SARS-CoV-2 infection
in 78 patients recovered from COVID-19 (64 control sub-
jects without AR and 14 AR patients), whose peripheral
bloods were collected at 10–12 months post the infection.
The Ethics Committee of Tongji Hospital reviewed and
approved this trial, and informed consent was provided
by every participant. More information regarding subjects
and methods is provided in Tables S1–S3.
There was no noticeable difference in the incidence of

adverse reactions between healthy subjects and patients
withAR (Table S1). Protective antibody responses toWIBP-
CorV were assessed by the detection of neutralizing anti-
bodies targeting the receptor-binding domain (RBD) of
SARS-CoV-2 spike (S) 1 protein and IgG and IgM against
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TABLE 1 Demographic characteristics of subjects in the study of inactivated SARS-CoV-2 vaccination

Healthy subjects AR patients p-Value
Total subjects, n 25 32 –
Gender, male/female 9/16 11/21 .899
Age (years) 24 (23, 27) 24 (22, 26) .197
Body mass index 21.1 (19.1, 22.3) 20.8 (19.2, 22.4) .908
Patients with asthma, n (%) 0 1 (3.1%) 1.000
Patients with atopic eczema, n (%) 0 1 (3.1%) 1.000
Sensitization pattern, n (%)
Dermatophagoides pteronyssinus 0 30 (94.8%)
Dermatophagoides farinae 0 30 (94.8%)
Cockroach 0 2 (6.4%)
Cat dander 0 5 (15.6%)
Dog dander 0 4 (12.5%)
Artemisia 0 1 (3.1%)
Platanus 0 1 (3.1%)
Alternaria 0 3 (9.4%)

VAS symptom score 0 (0, 0) 5.0 (3.3, 7.0) <.001

Note: For continuous variables, data are expressed as medians and interquartile ranges.
Abbreviations: AR, allergic rhinitis; VAS, visual analogue scale.

the S and nucleocapsid proteins. The inactivated SARS-
CoV-2 vaccine elicited robust serological responses, with
gradual increase in neutralizing antibody, IgG and IgM
following vaccination (Figure 1B). Although neutralizing
antibody, IgG and IgM levels were low following the first
immunization, the second injection boosted their titres
by ∼35-, 161- and 16-fold (mean) at day 60 relative to
day 0 (baseline), respectively (Figure S1A). As reported in
COVID-19 infection or vaccination,7 the levels of neutral-
izing antibody strongly correlated with IgG levels (Figure
S1B).
Of a particular interest, serological responses in AR

patients were stronger than those in healthy controls,
showing higher levels of neutralizing antibody at days 30,
37 and 60, and anit-SARS-CoV-2 IgG on days 37 and 60,
and anit-SARS-CoV-2 IgM on day 60 (Figure 1C; Figure
S1C). Higher frequencies of CD19+CD27+CD38++ circulat-
ing plasmablasts were found in patients with AR at day 60,
although therewas nonoticeable difference inCD3–CD19+
total B cells and its subsets (IgD–CD27– double neg-
ative, IgD–CD27+ switched memory, IgD+CD27– naive
and IgD+CD27+ nonswitched memory B cells) between
healthy subjects and AR patients (Figures S2 and S3).
To explore the immune memory after vaccination, we
also analyzed memory B-cell response specific to RBD in
the peripheral blood (Figure S2). Flow cytometric analy-
sis revealed higher frequencies of RBD-specific memory
B cells, again, in AR patients compared to healthy sub-
jects at day 60 (Figure 1D). As the negative controls, RBD-
specific memory B cells were undetectable in samples col-

lected before vaccination (Figure 1D). These results suggest
AR patients demonstrated enhanced immune responses to
inactive SARS-CoV-2 vaccine than control subjects.
T follicular helper (TFH) cells essentially support B cells

for the generation of neutralizing antibodies and long-
lived humoral immunity after vaccination.8 We assessed
vaccination-induced TFH activation by examining circu-
lating CXCR5+ICOShighPD-1high TFH (ICOShighPD-1high
cTFH) cells (Figure S4).6 In both groups, inactivated
SARS-CoV-2 vaccination induced a modest expansion of
ICOShighPD-1high cTFH cells, 7 days after the first immu-
nization and a drastic expansion 7 days after the second
immunization (day 37), while there was no significant dif-
ference in the frequencies of ICOShighPD-1high cTFH cells
at all the time points between the two groups (Figure 2A).
To reduce the impact introduced by individual variation,
we normalized the frequencies of ICOShighPD-1high cTFH
cells to the baseline at day 0 and detected higher frequen-
cies of ICOShighPD-1high cTFH cells at days 7, 37 and 60
in AR patients than control subjects (Figure 2B). In con-
trast, total CD4+ T cells, CXCR5+ total cTFH cells, TREG
cells and TFR cells were not affected by vaccination and
remained comparable between two groups (Figure S5A,B).
Therefore, both AR patients and control subjects mounted
potent TFH activation by two-dose of WIBP-CorV vaccina-
tion, with a stronger signature by the former group.
As both TFH activation and the production neutralizing

antibodywere strongly elicited after the second dose of vac-
cine, we focused on the memory response after the sec-
ond dose in order to understand the relationship between
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F IGURE 1 Enhanced antibody responses in patients with allergic rhinitis (AR) following inactivated SARS-CoV-2 vaccination. (A)
Healthy subjects (n = 25) and patients with AR (n = 32) were enrolled and received inactivated SARS-CoV-2 vaccine at days 0 and 30.
Peripheral blood was collected at days 0 (baseline), 7, 30, 37 and 60. (B) Plasma neutralizing antibodies against the RBD of the SARS-CoV-2 S1
protein and IgG and IgM against the SARS-CoV-2 S and N proteins were measured by chemiluminescent immunoassay. Data are analyzed by
two-sided paired-sample t-test. (C) Fold changes of SARS-CoV-2 neutralizing antibody, IgG and IgM in control subjects and AR patients by
normalizing to the baseline levels. (D) Frequencies of circulating RBD-specific memory B cells at day 60 were analyzed by flow cytometry.
Numbers indicate the frequency of cells in the gated region. For (C) and (D), data are presented as median and interquartile range and
analyzed by Mann–Whitney U-test

TFH function and protective antibody response. In patients
with AR, the fold changes of ICOShighPD-1high cTFH at day
37 positively correlated with the fold changes of IgG and
IgM at day 60 but, intriguingly, not the fold changes of
neutralizing antibody, which are more important in eval-
uating protective humoral immunity (Figure 2C; Figure
S5C). Based on CXCR3 and CCR6 expression, cTFH cells
can be classified into threemajor subsets, referred as TFH1,
TFH2 and TFH17 cells.6 TFH2 and TFH17 cells are reported
to support chronic humoral immunity, such as autoanti-
body production in autoimmune diseases, whereas TFH1

cells can support antibody response in infection and vac-
cinewith relatively short duration.7 With ICOShighPD-1high
cTFH cells, the TFH1 and TFH2, but not TFH17 subsets, were
strongly induced by the vaccination (Figure 2D,E; Fig-
ure S6A). Importantly, we noted a marked increase in the
frequencies of TFH2 cells among either ICOShighPD-1high
cTFH cells or total CD4+ T cells in AR patients compared
with healthy subjects (Figure S6A). As expected, the fold
changes of TFH2 cells to baseline were also elevated in AR
patients at days 7 and 37 (Figure 2E). Furthermore, only
TFH2 activation, not TFH1 and TFH17 activation, was found
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F IGURE 2 Increased circulating TFH2 cells associate with protective antibodies in patients with allergic rhinitis (AR) following
vaccination. (A) Frequencies of circulating ICOShighPD-1high TFH cells were analyzed by flow cytometry. (B) Changes of ICOShighPD-1high TFH
cells at the indicated time points were normalized to the baseline levels and represented as fold changes. (C) Correlation of fold changes of
ICOShighPD-1high TFH cells at day 37 with fold changes of SARS-CoV-2 neutralizing antibody at day 60 relative to those at baseline in patients
with AR. (D and E) Frequencies of circulating ICOShighPD-1high TFH cell subsets were analyzed by flow cytometry. Changes of
ICOShighPD-1high TFH cell subsets at the indicated time points were normalized to the baseline levels and represented as fold changes. (F)
Correlations of fold changes of ICOShighPD-1high TFH cell subsets at day 37 with fold changes of SARS-CoV-2 neutralizing antibody at day 60 in
patients with AR. (G) Plasma SARS-CoV-2 neutralizing antibody and IgG levels in recovered COVID-19 patients at 10–12 months after
infection (n = 64 for controls without AR and n = 14 for those with AR). Numbers indicate the frequency of cells in the gated region. For (A),
(B), (E) and (G), data are presented as median and interquartile range and analyzed by Mann–Whitney U-test. For (C) and (F), data are
analyzed by Spearman’s rank correlation
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to be positively correlated with neutralizing antibodies in
patients with AR (Figure 2F), despite positive correlations
between TFH1 or TFH17 activation and IgG and IgM in AR
patients (Figure S6B). Therefore, such results suggest that
TFH2 subsetmight play a prominent role in promoting pro-
tective humoral response to two-dose inactivated vaccina-
tion against SARS-CoV-2.
To verify the influence of AR on the humoral response

to SARS-CoV-2, we additionally recruited 78 recovered
COVID-19 patients, including 64 without AR and 14 with
AR, who showed no difference in demographic character-
istics (Table S2). Similar to the humoral response elicited
by inactivated SARS-CoV-2 vaccine, patients with pre-
existing AR displayed higher levels of neutralizing anti-
body 10–12 months after infection than control subjects,
while the difference of SARS-CoV-2-specific IgG did not
reach statistical difference (Figure 2G).
Our study of AR patients for the antibody response

to SARS-CoV-2 induced by inactivated vaccine or infec-
tion demonstrates that the protective humoral immune
response was enhanced rather than compromised in AR
patients. The prospective design in the vaccination study
allowed us to measure both neutralizing antibody and
RBD-specific memory B cells, both supporting the above
conclusion. As viral infection and vaccination, especially
with influenza, induce a strong TH1 immune response,
the generation and function of the TFH1 subset associated
with TH1 response has been extensively investigated in
viral infection and vaccination. Notably, COVID-19 infec-
tion induces both TH1 and TH2 responses.7 Despite the
TFH1 subset was variously activated by inactivated SARS-
CoV-2 vaccine, our study revealed an unappreciated role
of the TFH2 subset following vaccination. We have pre-
viously reported an increased TFH2 cells in patients with
AR.6 Our new results demonstrate that the activation of
TFH2 rather thanTFH1 subset correlatedwith the induction
of neutralizing antibodies in AR patients. Indeed, a recent
study showed that IL-4, a signature cytokine from TFH2
cells, plays a critical role in supporting broadly protec-
tive antibody response in viral infection.9 Although differ-
ing in intensity, similar humoral immune responses have
been elicited by different SARS-CoV-2 vaccines.10 Whether
AR patients have comparable immune responses to other
SARS-CoV-2 vaccines, such as BNT162b2 mRNA vaccine,
deserves further investigations.
In summary, our study provides the necessary evidence

to justify the recommendation of SARS-CoV-2 vaccination
to patients with AR and potentially other allergic diseases.
Although the precise molecular mechanisms underlying
the enhanced protective humoral immunity to COVID-
19 vaccine in patients with AR remain to be elucidated,
the function of TFH2 cells in regulating anti-SARS-CoV-2
humoral immune response should be a key area deserv-

ing a future investigation. In addition, it is also critical
to understand whether type 2 response-modifying treat-
ments, such as allergen immunotherapy and biologics, will
impair the efficacy of SARS-CoV-2 vaccination.
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METHODS 23 

Clinical study design and participants  24 

We first conducted a prospective cohort study to investigate the potential impact of 25 

AR on immune response and adverse events to SARS-CoV-2 vaccination. The trial is 26 

registered at https://clinicaltrials.gov (NCT05009134). Twenty-five healthy adults and 27 

32 patients with AR were recruited at Tongji Hospital. The diagnosis of AR was 28 

based on the concordance between atopic status and typical allergic symptoms 29 

according to the Allergic Rhinitis and its Impact on Asthma (ARIA) guidelineS1. 30 

Atopic status was evaluated by the skin prick test and/or ImmunoCAP (Phadia, 31 

Uppsala, Sweden) to detect specific IgE for common inhalant allergens in our regionS2. 32 

AR patients had at least 1 year disease history and had never been infected with 33 

SARS-CoV-2 (no history of positive polymerase chain reaction results on 34 

nasopharyngeal or pharyngeal swab samples and levels of anti-SARS-CoV-2 spike 35 

and nucleocapsid protein IgG and IgM less than 10 AU/mL before vaccination). The 36 

exclusion criteria included: (i) the presence of sinusitis, (ii) pregnancy or 37 

breastfeeding, (iii) with severe immunologic diseases, diabetes, tumors, chronic 38 

kidney diseases, chronic obstructive pulmonary disease, cardiovascular diseases, 39 

stroke, or chronic infections, and (iv) used antihistamines or intranasal steroid in the 40 

past 1 week or oral steroids in the past 3 months prior to this study. Concomitant 41 

asthma and atopic eczema were diagnosed according to Global Initiative for Asthma 42 

guidelineS3 and the Williams criteriaS4, respectively. AR patients received intranasal 43 

antihistamine or intranasal steroid treatment as needed, and no systemic medication 44 



3 
 

including oral steroids and antihistamines were allowed during this study. A visual 45 

analog scale (VAS) ranging from 0 (not at all bothersome) to 10 cm (extremely 46 

bothersome) was used to quantify the global perception of severity of combined nasal 47 

symptoms. Healthy controls had no history of allergy and had negative skin prick test 48 

and allergen specific IgE test.S5 49 

    All participants received an inactivated SARS-CoV-2 vaccine (WIBP-CorV, 50 

Sinopharm, Wuhan) on day 0 and day 30. Adverse events related to vaccination were 51 

recorded. Peripheral blood samples were collected at day 0 (baseline, before 52 

vaccination), day 7 (7 days after first vaccination), day 30 (30 days after first 53 

vaccination), day 37 (7 days after second vaccination), and day 60 (30 days after 54 

second vaccination). None were lost to follow-up. Plasma and peripheral blood 55 

mononuclear cells (PBMCs) were collected and stored as we previously described.S6 56 

In addition, 78 recovered COVID-19 cases, who were infected with 57 

SARS-CoV-2 during January 13, 2020, to March 9, 2020, were retrospectively 58 

enrolled to validate the effect of AR on protective antibody response to SARS-CoV-2. 59 

Peripheral bloods were collected at 10 to 12 months after symptom onset. The 60 

diagnosis of COVID-19 was based on the guidance for diagnosis and management of 61 

COVID-19 released by World Health Organization and confirmed by SARS-CoV-2 62 

polymerase chain reaction detection of nasopharyngeal or pharyngeal swab specimens 63 

at Tongji Hospital.S7 AR, asthma, and atopic eczema were determined based on 64 

patients' self-report on admission and further conformed by experienced physicians. 65 

Patients with bronchiectasis, cystic fibrosis, severe immunologic diseases, tumors, 66 
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diabetes, chronic kidney diseases, chronic obstructive pulmonary disease, 67 

cardiovascular diseases, stroke, and sinusitis were excluded from the study. 68 

COVID-19 disease severity was classified as we previously reported.S7 The exclusion 69 

criteria led to only subjects with mild and moderate COVID-19 included in this 70 

retrospective study.  71 

This study was approved by the Tongji Hospital Ethics Committee. Informed consent 72 

was obtained from every participant. All blood samples were processed and analyzed 73 

by investigators blinded to clinical data of patients. All samples were used in 74 

accordance with approved guidelines and regulations.   75 

 76 

Adverse events  77 

For the first 7 days after each dose, participants involved in vaccine study were 78 

provided with a daily record card for recording the injection site symptoms (pain, 79 

redness, and swelling), systematic symptoms (fatigue, fever, headache, and myalgia), 80 

digestive symptoms (diarrhea, vomiting, and nausea), respiratory symptoms (runny 81 

nose, cough, stuffy nose, and sore throat), and allergic symptoms (pruritus, hives, 82 

itchy throat, swelling of mouth o throat, shortness of breath, and anaphylaxis).S8 From 83 

day 8 to day 28 after each dose, safety data were collected by spontaneous report from 84 

the participants combined with the regular visit. Adverse events were further verified 85 

by investigators and the causal association between adverse events and vaccination 86 

was determined by the investigators. 87 

 88 
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Plasma antibodies detection 89 

The neutralizing antibody against the receptor-binding domain (RBD) of the 90 

SARS-CoV-2 spike 1 protein in plasma were measured by chemiluminescent 91 

immunoassay using iFlash 2019-nCoV neutralization assay kits (YHLO Biotech Co, 92 

Shenzen, China) according to the manufacture’s instruction. This surrogate 93 

neutralization assay detects antibodies that are able to compete with binding of a 94 

recombinant extracellular domain of the SARS-CoV-2 receptor 95 

angiotensin-converting enzyme 2 to a recombinant RBD of the SARS-CoV-2 spike 1 96 

protein coated on microparticles and thus indicates the neutralization activity of 97 

sera.S9 The SARS-CoV-2 neutralizing antibody concentrations were measured by an 98 

iFlash3000 Chemiluminescence Immunoassay Analyzer (YHLO Biotech Co). Plasma 99 

IgM and IgG specific to the spike and the nucleocapsid proteins of the SARS-CoV-2 100 

were detected using chemiluminescent immunoassay kits (Yhlo Biotech Co.) as we 101 

previously reported.S10  102 

 103 

Flow cytometry 104 

After blocking with 5% fetal bovine serum (FBS, Thermo Fisher Scientific, Waltham, 105 

MA, USA), PBMCs were stained with Zombie Aqua (Biolegend, San Diego, CA, 106 

USA) to exclude dead cells. Then, cells were incubated with fluorochrome-labeled 107 

antibodies for 30 min at 25°C to label surface marker. Isotype controls were used as 108 

negative controls. Fluorescence minus one control for each fluorochrome was used to 109 

set the gate for positive populations. Data were analyzed using a BD LSRFortessa™ 110 
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X-20 (BD Bioscience) instrument and FlowJo software (TreeStar, Ashland, OR, USA) 111 

as previously described.S6 Details of antibodies used flow cytometry are tabulated in 112 

Table S3. 113 

 To detect SARS-CoV-2-specific B cells, biotinylated recombinant SARS-CoV-2 114 

Spike RBD protein antigens (BT10500, R&D systems) were individually 115 

multimerized with fluorescently labeled streptavidin at 4°C for 1 hour as previously 116 

described.S11,12 Briefly, recombinant SARS-CoV-2 RBD protein was mixed with 117 

AF647-streptavidin (Biolegend) or Perp5.5-streptavidin (Biolegend) at 2:1 ratio (~4:1 118 

molar ratio) at 4°C for 1 hour. The antigen probes prepared individually as above were 119 

then mixed in 50 mM free d-biotin (Macklin) in PBS to reduce cross-reactivity. 120 

PE-streptavidin (BioLegend) was used as a decoy probe to gate out SARS-CoV-2 121 

non-specific streptavidin-binding B cells. PBMC (5×106) were prepared in U-bottom 122 

96-well plates and stained with 50 μL of antigen probe cocktail containing 50 ng of 123 

RBD and 20 ng of streptavidin-PE at 4°C for 30 min. After washing, cells were then 124 

stained with 50 μL of antigen probe cocktail containing.  125 

 126 

Statistical analysis 127 

All statistical analyses were carried out with GraphPad Prism Software v.9.0 128 

(GraphPad Software). Data are presented in dot plots by medians and interquartile 129 

ranges unless specifically stated. Data were analyzed by the Mann–Whitney U-test or 130 

paired-sample t-test. For categorical data, chi-squared test or Fisher’s exact test was 131 

performed. Spearman’s rank correlation analysis was used to analyze associations. A 132 
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P value < 0.05 was considered statistically significant.  133 
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Figure Legends 165 

Figure S1 Changes of SARS-CoV-2 neutralizing antibody, IgG, and IgM levels 166 

after inactivated SARS-CoV-2 vaccination. Healthy subjects (n = 25) and patients 167 

with AR (n = 32) were enrolled and received inactivated SARS-CoV-2 vaccine at day 168 

0 and day 30. Peripheral blood was collected at day 0 (baseline), day 7, day 30, day 37, 169 

and day 60. a, Fold changes of SARS-CoV-2 neutralizing antibody, IgG, and IgM 170 

levels normalized to the baseline levels (day 0). Data are analyzed by two-sided 171 

paired-sample t-test. b, Correlation of the levels of SARS-CoV-2 neutralizing 172 

antibody and IgG. Data are analyzed by Spearman’s rank correlation. c, SARS-CoV-2 173 

neutralizing antibody, IgG, and IgM levels in healthy controls and patients with AR. 174 

Data are presented as median and interquartile range and analyzed by Mann–Whitney 175 

U-test.   176 



11 
 

Figure S2 Flow cytometric gating strategy of B cell subsets in human peripheral 177 

bloods. Within viable CD3–CD19+CD20+ cells, naive B cells were defined as 178 

CD27-IgD+, nonswitched memory B cells as CD27+IgD+, switched memory B cells as 179 

CD27+IgD-, and double negative B cells as CD27-IgD-. Within viable CD3–CD19+ 180 

cells, plasmablasts were defined as CD27+CD38++. 181 

  182 
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Figure S3 Circulating B cell subsets at day 60 after inactivated SARS-CoV-2 183 

vaccination. Frequencies of circulating B cell subsets in healthy controls (n = 25) and 184 

AR patients (n = 32) were analysed by flow cytometry. Data are presented as median 185 

and interquartile range and analyzed by Mann–Whitney U-test.  186 

  187 
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Figure S4 Flow cytometric gating strategy of T cell subsets in human peripheral 188 

bloods. Within viable CD3+CD8–CD4+ T cells, TREG cells were defined as 189 

CD25highCD127low cells, TFR cells as CD45RA–CXCR5+ TREG cells, circulating TFH 190 

cells as CD25–/lowCD45RA–CXCR5+ICOShighPD-1high cells, TFH1 cells as 191 

CXCR3+CCR6– TFH cells, TFH2 cells as CXCR3–CCR6– TFH cells, and TH17 cells as 192 

CXCR3–CCR6+ TFH cells.  193 

  194 
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Figure S5 Changes of circulating T cell subsets after inactivated SARS-CoV-2 195 

vaccination. a, Frequencies of circulating T cell subsets in healthy controls (n = 25) 196 

and patients with AR (n = 32) were analysed by flow cytometry. b, Changes of 197 

frequencies of T cell subsets at the indicated time points were normalised to the 198 

baseline levels and represented as fold changes. Data are presented as median and 199 

interquartile range and analyzed by Mann–Whitney U-test. c, Correlations of fold 200 

changes of TFH cells at day 37 relative to those at day 0 with changes of levels of 201 

SARS-CoV-2 IgG and IgM at day 60 relative to those at day 0 in patients with AR. 202 

Data are analyzed by Spearman’s rank correlation.  203 
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Figure S6 Changes of circulating TFH cell subsets after inactivated SARS-CoV-2 204 

vaccination. a, Frequencies of circulating ICOShighPD-1high TFH cell subsets in healthy 205 

controls (n = 25) and AR patients (n = 32) were analysed by flow cytometry. Data are 206 

presented as median and interquartile range and analyzed by Mann–Whitney U-test. b, 207 

Correlations of fold changes of ICOShighPD-1high TFH cell subsets at day 37 relative to 208 

those at day 0 with changes of levels of SARS-CoV-2 IgG and IgM at day 60 relative 209 

to those at day 0 in patients with AR. Data are analyzed by Spearman’s rank 210 

correlation.  211 
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Table S1 Adverse events related to COVID-19 vaccination  212 

 First dose Second dose 

 Healthy 

subjects 

(n = 25) 

AR patients 

 

(n = 32) 

p value Healthy 

subjects 

(n = 25) 

AR patients 

 

(n = 32) 

p value 

Participants with adverse 

events, n (%) 

10 (40%) 13 (43.8%) 0.962 9 (36%) 11 (34.4%) 0.899 

Injection site symptom 

  Pain, N (%) 

  Redness, N (%),  

  Swelling, N (%) 

 

9 (36%) 

1 (4%) 

1 (4%) 

 

10 (31.2%) 

4 (12.5%) 

2 (6.3%) 

 

0.706 

0.513 

0.826 

 

8 (32%) 

1 (4%) 

0 

 

7 (21.9%) 

3 (9.4%) 

2 (6.3%) 

 

0.389 

0.790 

0.499 

Systematic symptom   

  Fever, N (%) 

  Fatigue, N (%) 

  Headache, N (%) 

  Myalgia, N (%) 

 

0 

4 (16%) 

1 (4%) 

3 (12%) 

 

2 (6.3%) 

8 (25%) 

1 (3.1%) 

4 (12.5%) 

 

0.499 

0.408 

1.000 

0.727 

 

0 

1 (4%) 

0 

1 (4%) 

 

0 

4 (12.5%) 

1 (3.1%) 

1 (3.1%) 

 

- 

0.513 

1.000 

1.000 

Digestive symptom   

  Diarrhea, N (%) 

  Vomiting, N (%) 

  Nausea, N (%) 

 

0 

0 

0 

 

0 

0 

0 

 

- 

- 

- 

 

0 

0 

0 

 

0 

0 

1 (3.1%) 

 

- 

- 

1.000 

Respiratory symptom      

  Runny nose, N (%) 

  Cough, N (%) 

  Stuffy nose, N (%) 

  Sore throat, N (%)  

 

0 

0 

0 

1 (4%) 

 

1 (3.1%) 

0 

1 (3.1%) 

2 (6.3%) 

 

1.000 

- 

1.000 

0.826 

 

0 

0 

0 

0 

 

1 (3.1%) 

0 

1 (3.1%) 

0 

 

1.000 

- 

1.000 

- 

Allergic symptom      

  Pruritus, N (%) 

 

1 (4%) 

 

1 (3.1%) 

 

1.000 

 

0 

 

1 (3.1%) 

 

1.000 
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    Hives, N (%) 

    Itchy throat, N (%) 

    Swelling of mouth or 

throat, N (%) 

    Shortness of breath, N 

(%) 

    Anaphylaxis, N (%)  

0 

0 

0 

 

0 

 

0 

0 

0 

0 

 

0 

 

0 

- 

- 

- 

 

- 

 

- 

0 

0 

0 

 

0 

 

0 

0 

0 

0 

 

0 

 

0 

- 

- 

- 

 

- 

 

- 

AR, allergic rhinitis 213 

214 
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Table S2 Demographic characteristics of recovered COVID-19 cases 215 

 
Without AR  With AR  p value 

Total subjects, n 64 14 - 

Gender, male/female 10/54 2/12 0.777 

Age (years) 31 (27, 36) 29 (27, 32) 0.849 

Patients with asthma, n (%) 0 1 (7.1%) 0.180 

Patients with atopic eczema, n (%) 0 1 (7.1%) 0.180 

Disease severity 

   Mild, n (%) 

   Moderate, n (%) 

 

18 (28.1%) 

46 (71.9%) 

 

3 (21.4%) 

11 (78.5%) 

 

0.858 

0.858 

Sampling time after symptom onset  
(months) 

11 (11, 12) 11 (11, 12) 0.635 

For continuous variables, data are expressed as medians and interquartile ranges. AR, 216 

allergic rhinitis 217 

  218 
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Table S3 Antibodies used for flow cytometry  219 

Antibody Parameter Clone ID Source Isotype Manufacturer  Dilution 

CCR6 PE G034E3 mouse IgG2b, κ Biolegend 

(San Diego,  

CA, USA) 

1:100 

CCR7 Alexa Fluor® 

647 

G043H7 mouse IgG2a κ Biolegend 1:100 

CXCR3 PE-Cy7 G025H7 mouse IgG1, κ Biolegend 1:100 

CXCR5 BB515 (FITC) RF8B2 Rat IgG2b, κ BD Biosciences 

(San Jose, CA, 

USA) 

1:100 

CD127 Brilliant Violet 

711 

A019D5 mouse IgG1, κ Biolegend 1:100 

CD19 Alexa Fluor® 

700 

HIB19 mouse IgG1, κ Biolegend 1:200 

CD20 Brilliant Violet 

785 

2H7 mouse IgG2b, κ Biolegend 1:200 

CD25 APC-Cy7 BC96 mouse IgG1, κ Biolegend  

 

1:50 

CD27 PE-Cy7 M-T271 mouse IgG1, κ Biolegend 1:100 

CD3 Brilliant Violet 

711 

OKT3 mouse IgG2a, κ Biolegend  

 

1:200 

CD38 BB515 (FITC) HIT2 mouse IgG1, κ Biolegend 1:200 

CD4 Brilliant Violet 

605 

RPA-T4 mouse IgG1, κ Biolegend  

 

1:200 

CD45RA PerCP-Cy5.5 HI100 mouse IgG2b, κ Biolegend 1:200 

CD8 Alexa Fluor® 

700 

RPA-T8 mouse IgG1, κ Biolegend  

 

1:200 

ICOS Brilliant Violet 

785 

C398.4A Arrnenian 

Hamster 

IgG Biolegend 1:100 

IgD APC-Cy7 IA6-2 mouse IgG2a, κ BD Biosciences 1:200 

IgG Brilliant Violet M1310G05 Rat IgG2a, κ Biolegend IgG1, κ 
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421 

IgM Brilliant Violet 

605 

MHM-88 Mouse IgG1, κ IgG1, κ IgG1, κ 

PD-1 Brilliant Violet 

421 

EH12.2H7 mouse IgG1, κ IgG1, κ 1:100 

PE, phycoerythrin; APC, allophycocyanin; PerCP, peridinin chlorophyll protein 220 

complex; FITC, fluorescein isothiocyanate.  221 
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