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Purpose: Public health measures during COVID-19 have led to an unprecedented change in social 
lifestyle which might have an impact on the allergen sensitization in population. We sought to 
explore the prevalence patterns of serum inhalant and food allergen-specific IgE (sIgE) sensitization 
and serum total immunoglobulin E (tIgE) level among patients with clinical symptoms of suspected 
allergic diseases before and during the COVID-19 pandemic in south China.
Patients and Methods: A large epidemiology study was conducted on the prevalence 
patterns of sIgE sensitization and serum tIgE level among 13,715 patients with allergic 
symptoms in south China from 2017 to 2020. Chi-square test and Fisher exact test were used 
to test statistical significance of allergen sensitization difference among years. Logistic 
regression was performed to assess the magnitudes of the differences among years by 
adjusted odds ratios and 95% confidence intervals.
Results: The number of hospital visits for patients with suspected allergy symptoms 
decreased during COVID-19. The positive rates of indoor inhalant allergens (house dust 
mites, German cockroach, dog dander) and tIgE increased significantly in 2020, while no 
significant differences were found in food allergens (egg white, milk, soya bean, shrimp) 
before and during the COVID-19 pandemic. The odds of sIgE positives in indoor inhalant 
allergens and tIgE positive for 2017 and 2020 were all larger than 1.00. After grouping by 
age and gender, there were significant differences in the positive rates of indoor inhalant 
allergens and tIgE when comparing 2020 with 2017.
Conclusion: The prevalence of sensitization increased significantly to indoor inhalant 
allergens but not to food allergens in south China during the COVID-19 pandemic.
Keywords: allergy, epidemiology, specific immunoglobulin E, total immunoglobulin E

Introduction
Allergic disease is one of the most common diseases worldwide. The onset can 
happen at any stage of life and have a cross-life impact. Allergic diseases might result 
in poor sleep quality, absence from school or low work capacity, which inflict a high 
indirect cost of health care for the family and the society.1 Moreover, asthma elicited 
the outcome exacerbation of COVID-19 patients from the research of the Centers for 
Disease Control and Prevention of the United States.2 The mechanism of allergic 
disorders is complex and is not fully understood, which results in the limitation of the 
current therapy and poses challenges in disease diagnosis and management for 
clinicians. Former studies demonstrated that serum immunoglobulin E (IgE) level 
was significantly related to allergic symptoms with asthma3 and allergic rhinitis.4 The 
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amount of the total IgE (tIgE) increases with the number 
and content of allergens exposed.5 The level of certain kind 
of allergen-specific IgE (sIgE) were the predictors of 
symptoms.6 The distributions and levels of tIgE and sIgE 
were influenced by genetic factors,7 environmental factors,8 

and lifestyle.8 Hence, studying the prevalence patterns of 
sIgE sensitization and tIgE level could effectively prevent 
allergic diseases. The COVID-19 outbroke in south China 
on 19, January 2020 and public health measures like traffic 
control, mandatory mask use, social distancing, school sus
pension, home confinement, centralized quarantine had 
been carried out from late January 2020 which had led to 
an unprecedented change in social lifestyle changes caused 
by public health measures might affect the distribution of 
allergens, but the changes in the distribution of allergens 
during the pandemic were currently unclear.

Studies from the United States and the United Kingdom 
had shown that during the COVID-19 pandemic, the number 
of people suffering from asthma had decreased, but the 
causes were not confirmed.9–11 This might be caused by the 
decrease in other human-to-human respiratory virus-borne 
diseases, the decrease in outdoor and indoor allergens, or the 
reduction of air pollution. The content of serum sIgE and 
tIgE could indicate the exposure level of allergens. No stu
dies have been conducted to evaluate the change in preva
lence patterns of serum indoor inhalant and food sIgE 
sensitization and tIgE level in population before and during 
the COVID-19 pandemic. The study aimed to analyze the 
changes in the sIgE positive rate of four common indoor 
inhalant allergens, four common food allergens and tIgE 
level among patients with clinical allergic symptoms before 
and during the COVID-19 pandemic in south China through 
a 4 years’ cross-sectional study. The distribution of allergen 
prevalence patterns in gender and age groups among differ
ent years was then discussed. Furthermore, the factors affect
ing the change prevalence to allergen sensitization before and 
during the COVID-19 pandemic were also explored. This 
study could reveal the change of prevalence patterns of 
allergen sensitization during the pandemic. It could provide 
an epidemiology basis for the prevention and diagnosis of 
allergic diseases during the COVID-19 pandemic.

Patients and Methods
Study Population
This was a cross-sectional study. Data were obtained from 
the First Affiliated Hospital of the Guangzhou Medical 
University. We collected data on patients with suspected 

allergic diseases in the hospital and their results of the 
concentration of serum sIgE and tIgE every year to 
explore the distribution and changes of allergen sensitiza
tion in south China each year. In this study, data from 2017 
to 2020 (February and June) were extracted. A total num
ber of 13,725 patients were included with 2835, 3906, 
4501 and 2473 from 2017 to 2020, respectively. And the 
concentration of serum sIgE and tIgE was tested. The data 
for analysis included patients’ disease type, gender, age, 
serum sIgE/tIgE test items and levels. Suspected allergic 
diseases included asthma, allergic rhinitis, eczema, catar
rhal otitis media or atopic dermatitis. Four indoor inhalant 
allergens, namely, house dust mites (Dermatophagoides 
pteronyssinus, Dermatophagoides farina), German cock
roach and dog dander, four food allergens, namely, egg 
white, milk, soya bean and shrimp and tIgE were evalu
ated in this study. All the allergens included in this study 
were common in south China.12 The study was approved 
by the ethics committee of the First Affiliated Hospital of 
Guangzhou Medical University (Reference number: 
GYFYY-2016-73) of Guangzhou Medical University. 
Written informed consent was obtained from all adults 
and legal guardians of the participating children. This 
study was performed in accordance with the Declaration 
of Helsinki.

Allergen IgE Detection
Patients’ serum sIgE and tIgE were collected by the nurses 
and detected by the chemist of the hospital laboratory using 
the ImmunoCAP 1000 system (Thermo Fisher Scientific 
Inc., California, USA). All procedures had standardized 
procedure guidelines. For sIgE, negative reactivity was 
defined as the detection content less than 0.35 kUA/L and 
content equal to or greater than 0.35 kUA/L was considered 
as positive reactivity.13 For the absolute sIgE levels, the 
reactivity was categorized quantitatively into six classes: 
class 1 (≥0.35 to <0.70 kUA/L), class 2 (≥0.70 to <3.50 
kUA/L), class 3 (≥3.50 to <17.50 kUA/L), class 4 (≥17.50 to 
<50.00 kUA/L), class 5 (≥50.00 to <100.00 kUA/L), and 
class 6 (≥100.00 kUA/L).13 For tIgE, the detection content 
less than 113kU/L was defined as negative reactivity, while 
equal or more than 113kU/L meant positive reactivity.14

Statistical Analysis
The prevalence of positive sIgE and tIgE was shown as 
proportion. Chi-square test and Fisher exact test were used to 
test statistical significance of allergen sensitization among 
years. When the expected number of studied people who 
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were sensitive to allergen is less than 5, Fisher’s exact test is 
used, and the chi-square test is used in other cases. Logistic 
regression was performed to assess the magnitudes of the 
differences between the prevalence of positive sIgE and tIgE 
among years by adjusted odds ratios and 95% confidence 
intervals. Then, to further understand the influence of the 
COVID-19 pandemic on allergen sensitization in the targeted 
population, it was also used to estimate the adjusted odds 
ratios in different genders and different age groups. Ninety- 
five percent confidence intervals were used to assess the 
magnitudes of the associations and P<0.05 was considered 
statistically significant. R studio 3.6.2 was used for data 
analysis.

Results
Demographic Characteristics
Table 1 shows the number of patients tested for each 
allergen/tIgE and the positive rate of each allergen/tIgE 
in 2017, 2018, 2019 and 2020, respectively. Compared 
with previous years, the number of hospital visits for 
patients with suspected allergy symptoms decreased. 
Figure S1 and S2 showed the ratio of allergic patients 
with higher inhalant allergen and food allergen content 
(Class 4–6) to those with lower indoor inhalant allergen 
and food allergen content (Class 1–3) from February to 
June between 2017 and 2020 in south China. Among all 
allergic patients, the proportion of patients with higher 
allergen content and patients with lower allergen content 
did not change significantly among 2017 and 2020, except 
for the dog dander allergen. In each year, the overall 
prevalence of positive serum sIgE responses to the 8 
allergens in south China from highest to lowest was 

house dust mites (Dermatophagoides farina, 
Dermatophagoides pteronyssinus), milk, egg white, 
German cockroach, shrimp, dog dander, soya bean. The 
positive rate was higher in the male population than the 
female population in the analyzed allergens shown in 
Table S1. School-age children aged 6–17 had a higher 
positive rate of house dust mites (Dermatophagoides pter
onyssinus, Dermatophagoides farina) than preschoolers 
and adults. In China, children at the age of 0–5, and 6– 
17 were defined as preschoolers and schoolers, respec
tively. Adult was people equal or over the age of 18. 
Allergies to egg white and milk were more common in 
preschoolers aged 0–5 shown in Table S2.

Serum sIgE Reactivities to Allergens and 
tIgE Reactivities in Patients in Different 
Years
Figure 1 shows the adjusted odds ratio of sIgE reactivities 
to allergens and tIgE reactivity among patients with clin
ical symptoms of suspected allergic diseases in south 
China in 2017, 2018, 2019, 2020. For indoor inhalant 
allergens, the positive rate was statistically significant 
different (P<0.05) in 2020 compared with 2017, while no 
significant differences were found when comparing 2018 
and 2019 with 2017. The odds of positives in indoor 
inhalant allergens for 2017 and 2020 were all larger than 
1.00, with 1.57 (P<0.001) for Dermatophagoides ptero
nyssinus, 1.43 (P=0.024) for Dermatophagoides farina, 
1.50 (P<0.001) for German cockroach and 2.00 for dog 
dander, respectively. For food allergens, the differences in 
positive rate of milk, soya bean, shrimp were not 

Table 1 Characteristics Background of Patients with Clinical Symptoms of Suspected Allergic Diseases from February to June 
Between 2017 and 2020 in South China

2017 2018 2019 2020 P-value

Total (%) Total (%) Total (%) Total (%)

d1 1257 46 1625 46 1811 46 776 60 <0.001

d2 387 59 676 56 713 60 409 71 <0.001

i6 1141 16 1367 16 1725 16 685 27 <0.001
e5 857 5 1136 6 1241 4 341 11 <0.001

f1 923 25 1277 25 1441 21 305 29 0.0268

f2 925 34 1297 34 1418 33 293 31 0.7291
f14 269 3 403 3 464 5 244 6 0.4627

f24 1011 13 1295 14 1593 11 508 19 <0.001

tIgE 2737 44 3774 43 4314 41 2371 51 <0.001

Notes: P-value for chi-square test or Fisher exact test. Significant difference: P<0.05. 
Abbreviations: d1, Dermatophagoides pteronyssinus; d2, Dermatophagoides farina; i6, German cockroach; e5, dog dander; f1, egg white; f2, milk; f14, soya bean; f24, shrimp; 
tIgE, total immunoglobulin E.
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significant when comparing 2018, 2019, 2020 with 2017, 
respectively. The positive rate of egg white had the odds of 
1.42 for 2017 and 2020 which is significantly different. 
For the positive rate of tIgE, a significant difference was 
found for 2017 and 2020 with the odds of 1.27 (p<0.001).

Serum sIgE Reactivity to Allergens and 
tIgE Reactivities in Patients in Male and 
Female in Different Years
No significant changes were found in male and female in 
the serum sIgE positive rates of indoor inhalant allergen in 
2017, 2018 and 2019, while there were increasing serum 
sIgE positive rates of indoor inhalant allergens both in 
male and female in 2017, when compared with 2020 as 
shown in Figure 2 and Table 2. For food allergen, slight 
changes of serum sIgE positive rates were shown in male 
and female in 2017 and 2020, but most of them were not 
statistically significant different except shrimp in male 
group. No changes in the serum sIgE positive rates of 
food allergens were found in male and female in 2017, 
2018 and 2019. In 2017, 2018 and 2019, the positive rates 

of tIgE in male and female had been maintained at about 
0.47 and 0.36, respectively, without much fluctuation. In 
2020, the male tIgE positive rate was 0.55 and the female 
tIgE positive rate was 0.46. Compared with the previous 
three years, the positive rate of male tIgE and the positive 
rate of female tIgE were significantly higher in 2020 with 
statistically significant difference.

Serum sIgE Reactivity to Allergens and 
tIgE Reactivities in Patients in Age Groups 
in Different Years
In Figure 3 and Table 3, the positive rates of serum sIgE of 
indoor inhalant allergens fluctuated slightly at an average 
level in all age groups in 2017, 2018 and 2019, while 
increasing serum sIgE positive rates of indoor inhalant aller
gens were shown in all age groups in 2020, when compared 
with 2017. Compared with 2017, the positive rates of serum 
sIgE of Dermatophagoides pteronyssinus were significantly 
different in each age group in 2020. The positive rates of 
serum sIgE of German cockroach allergen were significantly 
different in the adult group, and the positive rates of serum 

Figure 1 Adjusted odds ratio of sIgE reactivities to allergens and tIgE reactivity among patients with clinical symptoms of suspected allergic diseases in south China. 
Note: *P<0.05, **P<0.001. 
Abbreviations: Adjusted for sex, age; d1, Dermatophagoides pteronyssinus; d2, Dermatophagoides farina; i6, German cockroach; e5, dog dander; f1, egg white; f2, milk; f14, 
soya bean; f24, shrimp; tIgE, total immunoglobulin E.
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sIgE of dog dander allergen were significantly different 
between the school-age children group and the adult group 
in 2020 when compared with 2017. No significant differ
ences were found for serum sIgE positive rates in all food 
allergens of different age groups from 2017 to 2020. The 
rising positive rates were also seen in tIgE in all age groups 
in 2017 compared with 2020 with significant difference. 
When comparing 2018 and 2019 with 2017, the positive 

rates decreased with significant differences in the pre-school 
age group and no differences were found in the school-age 
group and adult group.

Discussion
COVID-19 could cause an asthma attack by affecting the 
respiratory tract and asthma elicited the outcome exacer
bation of COVID-19 patients from the research of the 

Figure 2 Positive rates of sIgE reactivities to allergens and tIgE reactivity of patients with clinical symptoms of suspected allergic diseases in different genders from February 
to June between 2017 and 2020 in south China. 
Note: *P<0.05, **P<0.001. 
Abbreviations: d1, Dermatophagoides pteronyssinus; d2, Dermatophagoides farina; i6, German cockroach; e5, dog dander; f1, egg white; f2, milk; f14, soya bean; f24, shrimp; 
tIgE, total immunoglobulin E.
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Centers for Disease Control and Prevention of the United 
States.2 Particularly, severe asthma was an aggravating 
factor for the severity of COVID-19.15,16 Hence, it is 
critical to reduce the occurrence of allergic diseases to 
help reduce the COVID-19 fatality rate and the public 
health burden of society during the COVID-19 pandemic. 
Public health measures like the school suspension, home 
confinement, centralized quarantine during the COVID-19 
pandemic had a profound influence on every aspect of 
daily life. Change in lifestyle could trigger the change of 
people’s susceptibility to various allergens. Avoiding con
tact with allergens could effectively reduce the occurrence 
of allergic symptoms. Therefore, research on the changes 
of prevalence patterns of allergen sensitization was very 
important to provide an updated epidemiology basis for 
the prevention of allergic diseases and to help clinicians 
offer effective individual treatments for unique patient 
groups during the COVID-19 pandemic. Although there 
are studies revealing the prevalence patterns of allergen 
sensitization by region, gender, age, and season among 
patients with allergic symptoms in mainland China,17 no 
studies have been published to reveal the change of pre
valence patterns of allergen sensitization before and during 
the COVID-19 pandemic yet. To fill this gap, in this study, 
four common indoor inhalant allergens and four 
food allergens in south China were included, namely 
house dust mites (Dermatophagoides pteronyssinus, 
Dermatophagoides farina), German cockroach, dog dan
der, egg white, milk, soya bean, shrimp to explore pre
valence patterns of allergen sensitization before and during 
the COVID-19 pandemic.

In this four-year cross-sectional study, the number of 
hospital visits for patients with suspected allergy symp
toms decreased during the COVID-19 compared with pre
vious years. Our finding was similar to previous research. 
In the Northern United States, there was a dramatic 
decrease around 76% drop in asthma-related Emergency 
Department use of all severities in children during the 
COVID-19 pandemic.10 In the United Kingdom, there 
was a drop between 76% and 90% in emergency visits 
for asthma attack among children.9,11 This might be 
caused by the decrease in other human-to-human respira
tory virus-borne diseases, the decrease in outdoor and 
indoor allergens, or the reduction of air pollution.9,10,18 

In addition, some patients might prefer to control the 
onset of allergic symptoms at home rather than going to 
the hospital due to the pandemic of COVID-19, which Ta
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could also lead to a reduction in the number of hospital 
visits.

The interesting finding of our research was that the 
positive rates of indoor inhalant allergens, including 
house dust mites (Dermatophagoides pteronyssinus, 
Dermatophagoides farina), German cockroach, dog dan
der and tIgE were not significantly different in 2017, 2018, 

and 2019, while the positive rates in 2020 were signifi
cantly higher than in 2017, 2018, and 2019, which might 
be caused by the change in behaviors and the hygiene of 
the home environment during the pandemic period.

The increasing positive rate of house dust mite during 
the COVID-19 pandemic might be because people stayed 
at home for a long time with poor ventilation. Southern 

Figure 3 Positive rates of sIgE reactivities to allergens and tIgE reactivity of patients with clinical symptoms of suspected allergic diseases in different age groups from 
February to June between 2017 and 2020 in south China. 
Note: *P<0.05, **P<0.001. 
Abbreviations: d1, Dermatophagoides pteronyssinus; d2, Dermatophagoides farina; i6, German cockroach; e5, dog dander; f1, egg white; f2, milk; f14, soya bean; f24, shrimp; 
tIgE, total immunoglobulin E.
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China had a subtropical monsoon climate with high 
humidity. The lack of ventilation led to long-term high 
relative humidity and lack of sunshine in the house, which 
were more conducive to the accumulation and reproduc
tion of dust mites in carpets, pillows, and mattresses.19,20

The increase in the positive rate of allergies to German 
cockroach might be related to the increase in the positive 
rate of allergies to house dust mite because these two 
allergens had a positive cross-reactivity in allergic 
diseases.21 The poor ventilation of the house also resulted 
in the reproduction of cockroaches. Moreover, during the 
pandemic, many families stored lots of food to avoid 
frequent trips to the supermarket where crowds of people 
gathered. This would also lead to the breeding of cock
roaches and increase allergens in the house. In our study, 
the positive rates of German cockroach had increased 
significantly in the male population and adults during the 
COVID-19 pandemic. It might be because the male popu
lation and adults were more sensitive to German cock
roach than in female population and children in mainland 
China based on a cross-sectional study conducted in 
nationwide.21

The increase in the positive rate of dog danger might 
be related to the prolonged exposure to pets during the 
pandemic, because direct exposure to dog dander was an 
independent risk factor for the development of allergic 
diseases.22 Moreover, the increased exposure of house 
dust mite also resulted in the higher dog dander sensitivity 
of patients as there was a positive interaction between 
these two allergens.22 In our research, the increase of the 
positive rate of dog dander was significant different in 
school-age children and adults, while no significant differ
ence in preschoolers before and during the pandemic. It 
was because that adult had more severe allergic symptoms 
like asthma when exposed to a greater amount of dog 
dander, while children had lower prevalence of allergic 
diseases under the exposure of greater amount of dander 
based on a large cross-sectional study conducted in 
US.22,23 The increase of tIgE during the pandemic, partly 
as the result of the increase of indoor inhalant sIgE. 
Previous research found that for people sensitized to 
some allergen, their certain serum sIgE and tIgE level 
would increase.14 When the content of sIgE was low, the 
high level of tIgE could predict poly-sensitization to sev
eral allergens.24

No significant differences were found in food allergen 
before and during the COVID-19 pandemic except egg 
white and shrimp allergen. The overall positive rates of Ta
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egg white allergen sensitization were significantly differ
ent, while no differences were found when stratified by 
gender or age. Simpson’s Paradox could explain this 
phenomenon.25 In this study, data comparison among dif
ferent groups was preferred as allergen sensitization was 
greatly influenced by gender and age. Thus, the positive 
rates of egg white were not significantly different before 
and during the COVID-19 pandemic. For shrimp allergen, 
a slight difference was found with stratified gender which 
might be related to the co-sensitization with the increasing 
positive rate of house dust mite26 and German 
cockroach.27 Overall, the positive rate of food allergens 
did not change significantly during the COVID-19 pan
demic. The reason can be that people’s eating habits had 
not been changed during the pandemic. By comparing 
with the positive rates of food allergens remaining the 
same, we were more certain to believe that the hygiene 
of the home environment was associated with the increase 
in the positive rate of indoor inhalant allergens and tIgE, 
rather than other factors like the different characteristics of 
the populations and the climate change in different years.

To confirm that the increase positive rates of indoor 
inhalant allergens were not due to the situation that more 
severe asthma patients were seeking hospital care during 
COVID, we analyzed the ratio of allergic patients with 
higher allergen content (Class 4–6) to those with lower 
allergen content (Class 1–3) from 2017 to 2020. No sig
nificant change of these ratios was found before and during 
the COVID-19 except dog dander (Figure S1 and S2). It 
illuminated that both patients with mild allergic symptoms 
and patients with severe allergic symptoms decreased pro
portionally during the pandemic. The decrease of allergic 
disease visits was also found in the latest study, in which the 
proportions of all levels of triage acuity were similar before 
and during the COVID-19 pandemic in the United States, 
so the delays in care-seeking behavior for lower acuity 
events might not be the reason for this phenomenon.10

There were strengths in this study. Firstly, the data 
collected were representative as they came from the largest 
respiratory disease research center in Guangdong Province 
which was also the State Key Laboratory of Respiratory 
Disease and all data were based on real-life medical data. 
Secondly, it was a four-year cross-sectional study with 
a large sample size. The positive rate of allergens and 
tIgE in the targeted population did not change significantly 
in the first three years, while the positive rate of indoor 
inhalant allergens and tIgE increased significantly in the 
fourth year, which provided more favorable evidence for 

the inference of this study. Thirdly, in this study, data were 
from patients in the same region from February to June in 
each year, which excluded the influence of regional and 
genetic differences on allergen sensitivity and removed the 
climate and season influence factors as there were no 
major climate changes or population migration in south 
China in the past four years. Fourthly, studying the change 
in the allergens positive rate in the same area before and 
after the policy could better attribute the change in the 
positive rate to the influence of policy factors that led to 
the differences in people’s behavior. Because before and 
after the policy was conducted, other characteristics of 
populations, including education level, and social status 
did not change significantly in addition to the changes in 
crowd behavior. The limitation of this study was that 
pollen allergens and cat dander allergen were not included. 
Only allergens tested more frequently were analyzed in 
this study. The reasons that pollen allergens were less 
tested were that pollens were not the main allergens in 
south China and hospital decreased the number of tests in 
pollen allergens to reduce the burden on medical staff and 
reduce medical consumables during the pandemic. The 
reason for the decrease in the number of cat dander aller
gen tests was unknown. It might be related to the patient’s 
explanation that the symptoms were not closely related to 
the exposure on cat.

Conclusion
This four-year cross-sectional study conducted in south 
China finds that the number of hospital visits for patients 
with suspected allergy symptoms decreased during the 
COVID-19 pandemic in 2020, when compared with pre
vious years. In addition, the data in this study showed that 
only the positive rates of indoor inhalant allergens 
increased, whereas the positive rates of food allergens 
remained stable during the COVID-19 pandemic. The 
increasing prevalence of sensitization to indoor inhalant 
allergens might be influenced by the lifestyle change dur
ing the pandemic. Staying at home for a long time without 
frequent ventilation and insufficient sunshine might result 
in these changes in positive rate. Our study could provide 
an evidence for deeper research about the epidemiology of 
allergic diseases and better prevention and diagnosis of 
allergic diseases during the COVID-19 pandemic.

Data Sharing Statement
Survey data are available from the corresponding author 
on request.
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