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Abstract

Purpose This study aimed to detect the epidemiological relevance between adenoid hypertrophy (AH) and rhinosinusitis,
and AH and allergic rhinitis (AR) through an Internet search.

Methods Internet search query data from January 2011 to December 2019 in China were retrieved from the Baidu Index (BI).
Spearman’s correlation coefficients were used to detect the correlation among the search volumes of AH, rhinosinusitis, and
AR. We also collected search data from the first 5 months of 2020, when quarantine was implemented in China due to the
coronavirus disease 2019 epidemic. Then, we compared the search data to those obtained during the same period in 2019
to assess the effects of isolation on AH and AR.

Results Statistically significant relevance was found between the search variations of AH and rhinosinusitis during 2011-
2019 (R=0.643, P <0.05). However, the relationship between AH and AR was weak (R= —0.239, P <0.05) and that between
rhinosinusitis and AR (R= —0.022, P> 0.05) was not relevant. The average monthly search volume of AH and rhinosinusitis
had a strong correlation (R=0.846, P <0.01), but AH and AR and rhinosinusitis and AR were not correlated (R=-0.350,
P>0.05; R=-10.042, P> 0.05, respectively). AH and rhinosinusitis search volumes decreased consistently during the first
5 months of 2020 (isolation), whereas that for AR increased during January—February.

Conclusion AH had an epidemiological relationship with rhinosinusitis, which was not consistent with AR. The decrease in
public gathering effectively reduced the morbidities of AH and rhinosinusitis but not those of AR.
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Introduction

Adenoid hypertrophy (AH) is the most common cause of
obstructive sleep apnea (OSA) in children. The pathogenesis
of AH is not yet clear, but it is related to many factors, such
as smoking, seasonal allergies, and respiratory infections
[1]. The relationship between AH and rhinosinusitis has
been confirmed in previous studies, and therapies aimed at
AH effectively treat rhinosinusitis [2, 3]. However, the infor-
mation concerning the relationship between AH and allergic
rhinitis (AR) is not consistent. Several scholars believe that
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AR triggers AH [4], whereas others believe that the relation-
ship is irrelevant or that the two are negatively related [5, 6].

Traditional epidemiology surveillance relies on clinical
data. Currently, advanced online networks provide people
with access to medical knowledge, and patients can gain a
basic understanding of their diseases using computers and
mobile phones. Such search behaviors can be recorded and
converted into search query data using an Internet search
engine. Systems based on search engines can provide real-
time information about diseases and have good congruence
with traditional healthcare surveillance systems [7]. Stud-
ies have detected seasonal patterns of influenza epidemics,
depression, restless leg symptomatology, and sleep-disor-
dered breathing using Internet search query data [8—11].
Specific terms searched by netizens reflect their demands,
and investigating Internet data could be a powerful comple-
ment to monitoring systems.

Baidu is one of the world’s largest search engines. Since
Google’s withdrawal from China in 2010, Baidu has become
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China’s main search engine. The 2018 study by Cao et al.
[12] demonstrated that the Baidu Index (BI) of AR and its
related search terms showed obvious seasonal patterns,
which were consistent with epidemiological survey results;
AR also had a significant correlation with the actual pollen
concentration and outpatient visits. This again shows that
the BI could be an indicator for the incidence of diseases.

In December 2019, several hospitals in Wuhan City,
Hubei Province, identified unexplained pneumonia cases
in persons with a history of exposure to the South China
Seafood Market. The patients were subsequently confirmed
to have severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection, a strain of coronavirus that
causes coronavirus disease 2019 (COVID-19). The number
of newly discovered cases increased exponentially, and this
rapidly spreading novel virus has become the most wide-
spread global pandemic that humans have encountered in the
past century. In response to COVID-19, the Chinese govern-
ment locked down Wuhan from January 23, 2020, to April
8, 2020, and urged the whole nation to remain isolated at
home or in the hospital. Thus, an opportunity was provided
to investigate the effect of isolation on diminishing the mor-
bidities of AH and rhinosinusitis.

This study used Internet search data provided by BI to
verify that AH and rhinosinusitis shared similar seasonal
patterns that were irrelevant to AR and analyzed the effects
of different degrees of isolation on reducing the morbidi-
ties of the three diseases during the COVID-19 epidemic
in China.

Methods
Data collection

Internet search engine query data for the terms “adenoid
hypertrophy,” “rhinosinusitis,” and “allergic rhinitis” in Chi-
nese from January 2011 to December 2019 were retrieved
from the BI. The first 5 months of 2020 data were added to
our study’s timeframe to observe the effect of isolation by
comparing search volumes from the same period for 2019
and 2020. Since 2020 was a leap year, we excluded the data
from February 29 to ensure that the amount of data was
consistent with that of 2019.

The daily search volume in our study was defined as
the average number of people searching for the term per
day, that is, the average daily search volume for the term.
It was obtained from the BI (http://index.baidu.com) and
then added to the monthly search volume. Following data
normalization against the total search volume, results are
displayed on a scale from 0 to 100%. Individual values over
time were calculated by dividing each monthly volume by
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the yearly search volume; thus, the data are presented as
percentages.

Data analysis

The main variables examined were the percentages of
monthly search volume for AH, rhinosinusitis, and AR in
Chinese from January 2011 to May 2020. Statistical anal-
yses were performed using SPSS Statistics version 26.0
(IBM Corp., Armonk, NY, USA). Continuous variables
were tested for normality and then analyzed using the non-
parametric Kruskal-Wallis test, as needed. Spearman’s
correlation coefficients were used to analyze the correlation
between quantitative variables.

Results

A total of 339 monthly values, in percentage form, were
obtained: AH (n=113), rhinosinusitis (n=113), and AR
(n=113).

The tendency charts of the three search terms from Janu-
ary 2011 to December 2019, and before the outbreak of
the COVID-19 epidemic, are presented in Fig. 1, which
shows that the two trendlines representing AH and rhinosi-
nusitis searches coincided well. Furthermore, the seasonal
variations of the two trendlines were statistically relevant
(R=0.643, P<0.05), while the relationship between AH and
AR was weak (R= —0.239, P<0.05). The searches for AR
significantly increased from August to September, whereas
the searches for AH were at their minimum during this
period. Also shown are the irrelevant fluctuations between
the rhinosinusitis and AR searches (R= —0.022, P> 0.05).

The average monthly search volumes for the three terms
during the 9-year timeframe are presented in Fig. 2. The
highest and lowest average monthly search volumes for AH
were in December and September, respectively. The search
volume for AH had one small and one big valley in February
and September, respectively. The searches for rhinosinusitis
showed a similar trend, which statistically correlated with
AH (R=0.846, P<0.01), but the trend was more gradual
from August to October. The curve of the search for AR had
two peaks: April-May and August—September. As searches
for AR increased in June, the searches for AH decreased.
Such a contrast appeared again when the searches for AR
decreased and searches for AH increased simultaneously in
September. No correlation was found between AH and AR
or rhinosinusitis and AR (R=-0.350, P>0.05; R=-0.042,
P>0.05, respectively).

The search volumes for all three terms decreased during
the first 5 months of 2020 compared with those months in
2019 (Fig. 3). This phenomenon was abnormal because the
total search volume for AH and rhinosinusitis had increased
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Fig.1 Monthly search volume (in percentage) for a AH and rhi-
nosinusitis, b AH and AR, and c¢ rhinosinusitis and AR during
2011-2019. The search variations for AH and rhinosinusitis are sig-
nificantly relevant (R=0.643, P<0.05) and show similar patterns

in fluctuation. The search variations for AH and AR are not consist-
ent (R=-0.239, P<0.05), with opposite fluctuations to a certain
extent. The search variations for rhinosinusitis and AR are not related
(R=-0.022, P>0.05). AH adenoid hypertrophy, AR allergic rhinitis
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Fig.2 Average monthly search volume for AH, rhinosinusitis, and
AR. The search variations of AH and rhinosinusitis have a strong cor-
relation (R=0.846, P<0.01). They both decline from December to
February and from May to September and then increase from Feb-
ruary to May and from September to December. The search vari-

annually since 2011. Although the search for AR growth was
not as significant as for AH and rhinosinusitis, it had also
grown steadily. The AH and rhinosinusitis search volumes in
the first 5 months of 2020 decreased by 41.21% (P <0.001)
and 54.31% (P <0.001), respectively, from the search vol-
umes during the same period in 2019. However, the rate
of decline for AR was only 28.08% (P <0.001), which was
significantly lower than those for AH and rhinosinusitis. The
searches for AR from January to February in 2020 were even
higher than those in 2019.

Discussion

The present study investigated the epidemiological relevance
of AH, rhinosinusitis, and AR using an Internet database.
Our results showed that the search volume of AH and rhi-
nosinusitis varied in a statistically consistent manner. This
consistency was also present during the period of isolation in
China in response to the COVID-19 pandemic. However, the
search volumes for AH and AR, and rhinosinusitis and AR
did not show statistical consistency; hence, further research
is needed to determine their relationship.

The use of Internet data for analyzing infectious disease
epidemics has become an important topic in the prevention
and control of infectious diseases. Online surveillance tools
based on Google Trends have been explored in recent years.
Since Baidu is the largest search engine in China, its search
queries could represent the population’s needs, particularly
in regions with a high Internet user rate. The BI use has
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ations of AH and AR, and rhinosinusitis and AR are not correlated
(R=-0.350, P>0.05; R=-0.042, P>0.05, respectively). Although
searches for AR increase from June to August, those for AH decline.
Although searches for AR decrease from September to December,
those for AH increase. AH adenoid hypertrophy, AR allergic rhinitis

been shown to significantly correlate with the incidence of
the human immunodeficiency virus (HIV)/acquired immu-
nodeficiency syndrome (AIDS) [7]. Previous studies [7-11,
13] based on search engine query data focused on the regu-
larities of specific diseases and building analysis models to
predict their outbreaks. Our study analyzed three different
diseases, AH, rhinosinusitis, and AR, and investigated their
interrelationships.

The association between AH and AR is controversial;
some scholars believe that AR triggers AH [4] and AH
increases AR severity and prolongs disease duration [14].
Several scholars suggest that children with both AH and AR
may be more sensitive to specific allergens, such as dust
mites and molds [15, 16]. However, Ameli et al. [17] showed
that large adenoids might be associated with the absence of
allergy, and Eren et al. [5] also believe that AH and AR are
negatively correlated. Studies have also shown that adenoid-
ectomy did not notably benefit most children with AH and
AR [18, 19]. In this study, based on the analyses of 9 years
of search data, we could not find statistically consistent vari-
ations between the search volumes of AH and AR, which did
not support AR being one of the risk factors of AH.

The adenoid is an important immune organ in children;
the volume of the adenoid increases after birth and starts
reducing after 67 years. Previous studies have confirmed
the existence of a strong relationship between AH and
rhinosinusitis. For example, AH continuously affects the
occurrence and development of rhinosinusitis in several
ways, including causing posterior nasal obstruction, hin-
dering nasal drainage, and constantly releasing pathogenic
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Fig.3 Comparison of the search volume for a AH, b rhinosinusitis,
and ¢ AR during the first 5 months of 2019 and 2020. AH and rhi-
nosinusitis search volumes in the first 5 months of 2020 decrease by
41.21% and 54.31%, respectively, compared with the same period in
2019. The total search volume for AR decreases by only 28.08% and
even increase in January and February. AH adenoid hypertrophy, AR
allergic rhinitis

bacteria [20-23]. Rhinosinusitis, in turn, can lead to AH
through inflammatory stimulation. Antibiotics usually
relieve the symptoms of adenoid hypertrophy, although
adenoidectomy is recommended as a first-line surgical
treatment for chronic sinusitis [24-26]. In this study, the
search volume of AR and rhinosinusitis also shared simi-
lar seasonal patterns, which may be explained by the sea-
sonal variations of viral infections, as this was one of their
mutual risk factors.

After the outbreak of COVID-19 in China, schools were
closed down and classes were held online until May 2020.
This could explain the decline in morbidity of AH and rhi-
nosinusitis to some extent. Furthermore, after public activi-
ties resumed, a reexamination of some children with AH
in our department revealed that their adenoid volume was
reduced. Dave et al. [27] found that, approximately 3 weeks
after enacting a statewide shelter-in-place order, the aver-
age number of cumulative cases decreased by approximately
53.5%, again demonstrating the effect of isolation in reduc-
ing pathogen transmission. Considering the decline in mor-
bidity during winter and summer holidays, we assumed that
avoiding gatherings of people can reduce the morbidity of
AH and rhinosinusitis. However, it was not very effective
for AR.

Another important measure is wearing facemasks. Studies
have confirmed the effect of facemasks in preventing infec-
tions. Brienen et al. [28] concluded that the extensive use
of facemasks could help delay an influenza pandemic and
reduce the reproduction number. Stutt et al. [29] reported the
results of two mathematical models and concluded that the
use of facemasks combined with physical distancing or peri-
ods of lockdown might be a way of managing the COVID-
19 pandemic and enabling resumption of economic activity.
Hence, the use of facemasks was strictly mandated in China
during the COVID-19 pandemic. Since facemasks can block
various pathogenic particles, it will be interesting to investi-
gate if they contribute to decreasing AH morbidities.

Our study has several limitations. First, since rhinosinusi-
tis includes acute rhinosinusitis, chronic rhinosinusitis, and
other kinds of rhinosinusitis, it would have been ideal to
conduct the study by accounting for these different groups.
Unfortunately, the terms “acute rhinosinusitis” and “chronic
rhinosinusitis” were not included in BI due to reduced search
volume, making a study of rhinosinusitis subtypes difficult.
Second, the symptoms of these three conditions have some
overlaps, such as nasal obstruction, nasal congestion, and
post-nasal drip. We were also unable to determine the moti-
vations behind these searches. Further precise data or a big
data analysis may be needed to improve the reliability of
using internet search query data as a surveillance method.
Third, the increase in search behaviors may have been
a result of social propaganda, events, and media reports.
Fourth, the peak incidence age of the three conditions var-
ies. For example, adenoid hypertrophy is usually a condition
that affects children, whereas rhinosinusitis typically affects
adults; therefore, these conditions are not likely to occur in
the same person. Finally, the users of search engines are
mainly young, possible leading to age bias.

According to the China Statistical Report on Search
Engine in 2019, Internet search engines have been widely
used; 81.3% of Chinese netizens used search engines to
obtain information. It was estimated that 70.5% of netizens
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used a search engine to seek specialized information in the
field of medicine and/or law [30]. Surveillance systems
based on the internet could compensate for the lack of clini-
cal data, thus providing a novel option for monitoring dis-
ease morbidity and investigating the relationships among
diseases.

In conclusion, AH and rhinosinusitis shared similar sea-
sonal patterns, which were not consistent with AR. Reduc-
tion in the incidence of public gatherings effectively reduced
the morbidities of AH and rhinosinusitis but not that of AR.
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