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Prevalence patterns of allergen sensitization by region, gender,
age, and season among patients with allergic symptoms in
mainland China: A four-year multicenter study

To the Editor,

The proportion of the population with allergic diseases has in-
creased rapidly in recent decades.>? In addition to affecting the
quality of life, a significant economic burden of these diseases was
transferred to society and the national health care system.* China is
a large country with a rapidly developing economy, wide geography,
and diverse climate and lifestyles, which may lead to significantly
regional differences in the distribution of allergens. Although a se-
ries of studies have explored the prevalence of allergen sensitization
in China, the majority of them focus on one part of geography in
China.® In 2009, a study® was conducted to estimate the preva-
lence of common aeroallergens among patients with allergic asthma
and/or rhinitis in mainland China. Although the study investigated
the differences of the prevalence in different regions of China, it di-
vided China into only four geographical regions, which may neglect
detailed information about the characteristics of sensitization preva-
lence in different places in China. In that study, the skin prick test
(SPT) was used to detect the sensitization to allergens. The method
has low accuracy for positive results because it is heavily affected by
certain factors, such as the skill of the tester, reagent used, and inter-
pretation of results. Our research has the following different char-
acteristics compared with previous studies: (a) covering a variety of
allergic diseases, (b) exploring both aeroallergens and food allergens
simultaneously, (c) including a large set of data from all the seven re-
gions of mainland China, and (d) using an internationally recognized
method of sIgE testing, InmunoCAP, to detect sensitization. These
advantages may help us obtain more accurate and reliable results
and conclusions.

Here, we conducted a large multicenter study on the prevalence
patterns of serum allergen-specific IgE (sIgE) sensitization to the four
most common food allergens (ie, egg white, cow's milk, crab, and
shrimp) and five aeroallergens (ie, house dust mite, German cock-
roach, tree pollen mix, mold mix, dog dander) among 44 156 pa-
tients with allergic symptoms in 52 cities from 26 provinces of all
the seven geographical regions in mainland China from July 2015
to June 2018. These patients were evaluated by the physicians in

the hospital and those who were suspected to have allergic diseases

were then referred to have an slgE sensitization test conducted by
a certified third-party laboratory service provider with uniform and
standardized procedures. This study was approved by the ethics
committee of the First Affiliated Hospital of Guangzhou Medical
University (Approval number: GYFYY-2017-18). Details about the
methods were in the Appendix S1.

Our study showed that the overall prevalence of positive sIgE re-
sponses to the 9 allergens across mainland China from the highest to
the lowest was 33.74% for house dust mites, 24.5% for cockroaches,
19.97% for shrimp, 17.31% for crab, 11.62% for cow's milk, 10.92%
for egg white, 9.35% for tree pollen mix, 4.02% for dog dander, and
3.92% for mold mix (Table 1). Our study confirmed that an observa-
tion that the positive cases in sIgE fell mainly in the two low classes
(ie, classes 1 and 2) as shown in previous studies for certain specific
areas in China®® was also held in all the seven regions in mainland
China (Table 1).

Our study revealed the distinctive patterns in the preva-
lence of allergen sensitization by region, gender, age, and season.
Geographically, there is a significant difference in the prevalence
among regions for all 9 allergens except for the mold mix (Table S1).
House dust mites were the allergen with the highest prevalence of
sensitization in all seven regions, with the highest in South China
(40.79%) and the lowest in Northeast China (11.21%). Allergies to
German cockroaches had a higher prevalence in southern regions
(Southwest China, South China, and East China) than in northern re-
gions (North China and Northeast China). The prevalence of sIgE re-
sponses to dog dander was the highest in North China and was very
close to each other in the southern regions. The prevalence of the
egg white and milk in Central China, East China, and South China
was higher than in Southwest China, North China, and Northeast
China, which means that patients living in eastern, coastal, and/or
southern areas were more sensitive to egg white and cow's milk.
The prevalence of crab and shrimp sensitization in Southwest
China and South China was higher than that in the northern regions
(North China and Northeast China). The difference in sensitiza-
tion between crab and shrimp is small although people in different

regions of China may have different preference in eating crab or

Luo and Wang should be considered co-first authors.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2020 The Authors. Allergy published by European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd


http://creativecommons.org/licenses/by-nc-nd/4.0/

LETTER TO THE EDITOR

A EAACH

WILEY—Allergy

590

‘uoljezi}isuas 338|s ayj ul pajsay |30} ay3 03 dn ppe jou pip sjuedidijied ajewa) pue ajew JO SIaquinu ayj Jey3 3nsal ay3 o3 Suipes)

‘sjuedidijied ajeway pue ajew Jo 9dudjeAald Y3 J0) J0U N pa3sa) |e10] 93 SUOWE S|9AD| SSB|D pue $ased dAI}ISs0d-33|S 9] 10) pajunod alam sjuedidijied asay] "} nsaJ 3593 33|s pljeA pey Asayi ysnoyyje
Japuag uo uoiew.ojul uissiw pey sjuedidilied jo uoijiod |jews v ((00'00T<) 9 SSe[2 pue (00°00T ~ 03 00°0S) § $SeJ2 (00°0S ~ 0S'LT) ¥ SSeJ2 (0G°LT ~ 05°E) € SSe|2 (05°€ ~ 0£'0) T SSej2 (0L'0 ~ SE0) T
SSB[2 /N> 4O Hun ay3 ul [9A3] 38|s 93N|0Sqe dY] UO paseq SasSe|d XIS 03ul Jayliny paziio8ajed ale sjualjed aAljsod-38|s 9say] /N SE°0 = [9A3] 38|s ay3 41 38|s ul aaIsod pajsay st juaijed v 230N

[-3TT 01-3C°T £6-35°T 29-3r'6 G-3€°€ z1-3€°8 9-Ip'y 01-32°9 zT-3r's anjea-d
T8t 8T LE'6EY 96'7LT €TLT L9Y LO'TT 9z°8¢ L0C6 s
(T6'817) £80¢€ (21'91) 659¢ (T'8) ¢veT (cz8) ¥9¢eT (19°€) 665 (81°€) 06¥ (c1'8) 86€ (¥1°€2) ¥E9E (9r°1€) €0€S (%) u
T0E 9T 8617 9T TLS 9T 665 9T L6S 9T Y0¥ ST €06% ToLST 95891 N
9lewa
(8¢°T2) ¥€6C (r6'8T)919C  (18'ST)¥CCC  (9T'7T)886T (SS°%) £€9 (LL¥)TT9 (86°0T) LV (€792) 697¢€ (¢9:9¢) ¢ses (%) u
TCLET zr8 €l 990 ¥T 70 ¥T 886 €T 0€82T 0.0t T6T ET ovE T N
SIEN
(Tco et (61°0) 0T (¥1°0) G (60°0) € (80°0) T (600 T (ZT'T)01 (To0) T (88'9) gL 9 sse)D
(92°0) 91 (rzo) et (8z°0) 0T (Lz°0)6 (95°0) £ (€5°0) 9 (or'1 et (sTO)TT (06'9) 8¢ G sse|D
(Tr'1) 98 (0s'1) 08 (L2°T) 9% (rv'1) 6% (9e°T) LT (85°2) 6¢ (66'T) LT (98°1T) ¥ET (0z'TT) L6TT 7 SSe|D
(LL€T) LE8 (95°2T) 049 (90°CT) 9¢¥ (L0'6) 80€ (€12) 68 (€TeT) 6¥T (8%£) 79 (sTLT) O%CT (T061) ZEOT € sse|D
(v6'LY) ¥16C (69'8Y)865C  (ETLY)BOLT  (E6'EV) T6VT (s6'ee) vy (€29¢) 80 (v6'ce) T8¢ (£9°6¥) TLS€E (65°€€) T65E zsse
(6€9€) T1CT (€8'9€) 6961  (206E)TTHPT  (0T'S¥) SEST (€6'95) TTL (reLy) €€S (c0'sS) 1Ly (so'Te) zeee (cv'Ta) LegT T sse|D
[(9%) u] ssejD 381s
(L6'6T) 8209 (TeL1)9€€S (9 TT)9T9€  (26'0T) 96€€ (cov) 6¥2T (z6€) 91T (5€6) 958 (S'72) 68TL (7£'€€) 069 OT  [(%) U] s9sed aAnIsod
Thy 0g 0€80€ TIT 1€ 60T 1€ 190 1€ 9L 8T GST6 EVE 6C 089 1€ (N) sased |ejoL
(v2y) dwnys (€z3) qeld (2)) (t4)°nym333 (G9)JspuepSog  (TXw)Xiw pjow (1) (91 (TP) suagia|ly
AW s,M0D) Xlw ugjjod 934]  YdeO0J)20d Uew.d9) 9}lw ISnp 3SnoH

S9leway pue sajew Ul susadua||e 03 asuodsal J3|S Se ||9Mm Se sse|d yoes Jo uolpiodoud J1ay) pue suadisj|e g 03 sasuodsal 33|s Jo souajeAald ||eldAO T 319VL



LETTER TO THE EDITOR

4 591
| Allergy s E?;q WI LEYJ—

FIGURE 1 Heatmap for the prevalence
of positive SIgE tests for d1:House

dust mite (a), i6:German cockroach (b),
tx4:Tree pollen mix (c), e5:Dog dander

(d), f1:Egg white (e), f2:Cow's milk (f),
f23:Crab (g), f24:Shrimp (h) in different
regions. The heatmap for the prevalence
of sensitization to mold mix (mx1) is not
shown here because the prevalence of
mx1 sensitization is not significantly
different in different regions (ie, P > .05).
The prevalence (%) and total number of
each region were marked. The prevalence
for all 8 allergens in Northwest China and
for tx4 in North Chain was treated as NA
because their total numbers were all less
than 50

shrimp (Table S1). The heatmap (Figure 1) displays the distribution although that may not be true in each age group for each allergen as

of the prevalence of the sIgE response to allergens in different re- shown in the forest plot in Figure S1. Our study showed that house
gions of mainland China. dust mite, German cockroach, tree pollen, dog dander, crab, and
The prevalence of sensitization to all nine allergens was higher shrimp had a prevalence pattern by age that the prevalence grows

overall in males than in females significantly (Table 1 and Figure S1) continuously as the age increases before and during the teenage
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period and then decreases continuously as the age increases after

the teenage period ends whereas egg white and cow's milk had a
pattern that the prevalence in the toddlers is the highest and then
decrease continuously as the age increases (Figure S2). Mold had a
pattern essentially from the mixture of these two patterns mainly
caused by the different prevalence patterns in females and males
(Figures S2 and S3). Our study further showed that the peak of prev-
alence of house dust mite, German cockroach, tree pollen mix, dog
dander, crab, and shrimp moved roughly from late teenage to early
teenage when middle/high slIgE classes (ie, classes 3-6) instead of
all classes (ie, classes 1-6) were considered (Figures S2 and S4). This
move was clearer in females as compared to males (Figures S3 and
S5). Figure Sé displays the prevalence pattern of allergens by month
across years. The prevalence of dog dander and mold mix was very
stable across months; however, the prevalence of other allergens
fluctuated from January to December. The prevalence of house dust
mites, German cockroach, shrimp, and crab were higher in the sum-
mer months (from June to August) than in other months. The preva-
lence of tree pollen mix for classes 1-6 had two clearly high peaks in
April and October, respectively; however, the peak in October disap-
peared when only classes 3-6 are considered.

We believe this is the first large study to investigate the preva-
lence of allergen sensitization in the patients with allergic symptoms
from all the seven geographic regions of mainland China. Based on
this study, we found that the prevalence of sIgE sensitization to al-
lergens displayed distinctive patterns among regions, gender, age
groups, and seasons. The reasons for these patterns may include
lifestyle factors, socioeconomic factors, genetic predispositions,
climate, sexual hormones, and cross—reactivity.3'4’é”9 Please refer to
the Appendix S1 for the detailed discussion on the factors that influ-
enced these variations. Our findings may help clinicians find effec-
tive individualized treatments for unique patient groups and direct
researchers to conduct further studies on the epidemiology of aller-

gic diseases.
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Treatment-emergent adverse events in dupilumab-treated
patients with allergic diseases: A meta-analysis

To the Editor,

Allergic diseases such as asthma, chronic rhinosinusitis (CRS), atopic
dermatitis (AD), allergic rhinitis, and eosinophilic esophagitis (EoE)
affect more than 30% of the population,* with a dramatic increase?
and a lack of effective treatments for recurrent or adverse effects of
corticosteroids and immunosuppressants.>* Dupilumab is a mono-
clonal antibody that targets the IL-4 receptor alpha subunit and
inhibits IL-4/1L-13 signaling, thus downregulating type-2 inflamma-
tory responses.® Currently, dupilumab has proven effectiveness in
patients with serious allergic diseases.’® However, the evidence on
safety of dupilumab is insufficient in allergic diseases. Therefore, we
conducted a meta-analysis to assess the overall safety of dupilumab
treatment by exploring the risk of treatment-emergent adverse
event (TEAE) in patients with allergic diseases.

We carried out a systematic literature search of PubMed, Web
of Science, EMBASE, and the Cochrane Library databases using the
keywords such as “allergic disease,” “dupilumab” to identify random-
ized controlled trials (RCTs) of dupilumab therapy in patients with
allergic diseases from inception to June 2020. Seventeen RCTs with
a total of 7578 participants were finally eligible for inclusion in this
meta-analysis through our literature search strategy (Figure S1). The
characteristics of the included studies are listed in Table S1. A quality
assessment of the 17 RCTs was shown in Figure S2. In addition, the
points in the funnel plot of the included RCTs were almost symmet-
rically distributed (Figure S3), and Egger's tests showed there was no
statistical difference in publication bias among the RCTs (P = .467).
Sensitivity analyses of any TEAE, any serious TEAE, and any TEAE
by removing each RCT suggest that no single study had a significant
impact on the results (Figure S4).

A pooled analysis showed that the incidence of any serious TEAE
was 223 of 4923 (4.53%) patients receiving dupilumab treatment
and 139 of 2401 (5.79%) patients receiving placebo. Treatment of
patients with dupilumab was associated with a 32% lower risk of
any serious TEAE than with placebo (RR = 0.68; 95% Cl, 0.50-0.94;
P =.02; I> = 30.28%:; Figure 1A). Furthermore, there was no evi-

dence of a difference in risk for any TEAE leading to death between

dupilumab (11/4557, 0.24%) and the placebo group (3/2303, 0.13%;
RR = 0.95; 95% Cl, 0.40-2.24; P = .91; |> = 0.00%; Figure 1B). Data
on the occurrence of any TEAE during dupilumab treatment showed
that patients receiving dupilumab treatment (3809/5050, 75.43%)
did not have a higher risk of any TEAE compared with those receiving
placebo (1921/2528, 75.99%; RR = 0.99; 95% Cl, 0.96-1.02; P = .56;
1? = 14.08%; Figure 1C). The risk of any leading to permanent treat-
ment discontinuation in patients receiving dupilumab treatment was
similar to that in patients receiving placebo (RR = 0.78; 95% Cl, 0.53-
1.16; P = .23; 12 = 32.37%; Figure 1D). In the 17 RCTs, 14 common
TEAEs were reported following dupilumab treatment. A meta-anal-
ysis revealed lower risks of skin infections in patients receiving dupi-
lumab treatment than in those receiving placebo (RR = 0.56; 95% Cl,
0.45-71; P < .01; I?> = 0.00%; Table 1). In addition, the risk of other
common TEAEs (headache, nasopharyngitis, bronchitis, upper respi-
ratory tract infection, back pain, influenza, urinary tract infection,
rash, 19 gastroenteritis, herpes viral infections) in patients receiving
dupilumab treatment was similar to that in patients receiving placebo
(all P > .05; Table 1). However, injection-site reactions (RR = 1.90;
95% Cl, 1.50-2.40; P < .01; 12 = 37.69%), conjunctivitis (RR = 2.44;
95% Cl, 1.82-3.26; P < .01; I> = 0.00%), and eosinophilia ((RR = 5.85;
95% Cl, 2.57-13.28; P < .01; I> = 0.00%) were both associated with a
higher risk in the dupilumab group than in the placebo group (Table 1).

We next analyzed whether dupilumab can reduce the risk of
developing other allergic diseases in patients with allergic disease.
The pooled data for the risk of developing asthma in patients with
CRSWNP (2 RCTs) and AD (3 RCTs) demonstrated there was a 67%
lower risk of developing asthma in patients that received dupilumab
than in those that received placebo (RR = 0.33; 95% Cl, 0.20-0.54;
P < .01; I> = 0.00%; Table 1). Meanwhile, among the five RCTs that
included patients with allergic diseases such as asthma (3 RCTs) and
AD (1 RCT), the risk of sinusitis was lower in patients that received
dupilumab than in those that received placebo (RR = 0.60; 95% ClI,
0.45-0.81; P < .01; 12 = 0.00%) (Table 1).

The present study examined the adverse events associated

with dupilumab in various serious allergic diseases. Our result





