S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal Pre-proofs

Google searches for the keywords of “wash hands” predict the speed of na-
tional spread of COVID-19 outbreak among 21 countries

Yu-Hsuan Lin, Chun-Hao Liu, Yu-Chuan Chiu

PII:
DOI:
Reference:

To appear in:

Received Date:

Revised Date:

Accepted Date:

S0889-1591(20)30474-8
https://doi.org/10.1016/j.bbi.2020.04.020
YBRBI 4034

Brain, Behavior, and Immunity

5 April 2020
8 April 2020
9 April 2020

M BRAIN,
BEHAVIOR,

and IMMUNITY
The Official Journal of the Psycnoneuroimmund_

Editor-in- Chief

Please cite this article as: Lin, Y-H., Liu, C-H., Chiu, Y-C., Google searches for the keywords of “wash hands”
predict the speed of national spread of COVID-19 outbreak among 21 countries, Brain, Behavior, and Immunity
(2020), doi: https://doi.org/10.1016/1.bbi.2020.04.020

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of a cover

page and metadata, and formatting for readability, but it is not yet the definitive version of record. This version
will undergo additional copyediting, typesetting and review before it is published in its final form, but we are
providing this version to give early visibility of the article. Please note that, during the production process, errors

may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc.



https://doi.org/10.1016/j.bbi.2020.04.020
https://doi.org/10.1016/j.bbi.2020.04.020

Google searches for the keywords of “wash hands” predict the speed of national

spread of COVID-19 outbreak among 21 countries.

Yu-Hsuan Lin MD, PhD!234*  Chun-Hao Liu MD>¢, Yu-Chuan Chiu MD’

1. Institute of Population Health Sciences, National Health Research Institutes,
Miaoli, Taiwan

2. Institute of Health Behaviors and Community Sciences, College of Public Health,
National Taiwan University, Taipei, Taiwan

3. National Taiwan University Hospital, Department of Psychiatry, Taipei, Taiwan
National Taiwan University, Department of Psychiatry, College of Medicine,
Taipei, Taiwan
Department of Psychiatry, Chang Gung Memorial Hospital at Linkou, Taiwan
Department of Sinophone Literatures, National Dong Hwa University, Hualien,
Taiwan

7.  Department of Psychiatry, MacKay Memorial Hospital, Taipei, Taiwan

* Corresponding author: Yu-Hsuan Lin

Address: National Health Research Institutes,

35 Keyan Road, Zhunan, Miaoli County 35053, Taiwan
Telephone number: +886-37-206166 EXT 36383

Email address: yuhsuanlin@nhri.edu.tw

Declaration of interest:

Role of the funding source: This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.

Author contributions: YHL designed the study. YHL and CHL conducted the study
and analyzed the data. YHL and YCC drafted the manuscript. All authors contributed
to data analysis, drafting or revising the article, gave final approval of the version to be

published, and agree to be accountable for all aspects of the work.


mailto:yuhsuanlin@nhri.edu.tw

Highlights

® The increased Google searches for “wash hands”, rather than “face mask”,

reducing the speed of COVID-19 outbreak during the following three weeks

among 21 countries.

®  Google search for “wash hands” indicated not only the promotion of hand hygiene

awareness but might also reflect the extent that people proactively engaged in hand

washing.

®  Google searches for “wash hands” provide real-time indicators for transmission-

reduction policies and population health literacy in the early stage of the COVID-

19 outbreak.



Abstract

This study hypothesized that national population health literacy might reflect on their

keywords searching. We applied Google searches for “wash hands” and “face mask”

during January 19 to February 18 as a surrogate of national population health literacy

among 21 countries, and examine whether google searches for “wash hands” and “face

masks” would protect from increased numbers of confirmed cases of among 21

countries We found the increased google searches for “wash hands” from January 19

to February 18, 2020, correlated with a lower spreading speed of COVID-19 from

February 19 to March 10, 2020 among 21 countries (Pearson's correlation coefficient

of -0.70, P <0.001). The result highlights the importance of public awareness of hand

washing in preventing COVID-19 disease spreading.



Background

On 20 January, Chinese health authorities announced the human-to-human

transmission of the coronavirus disease 2019 (COVID-19). The number of cases of

COVID-19 outside China started to rapidly increase on February 20, with Italy, South

Korea and Iran reporting new infections, and the rapid spread in European countries in

March (1). As COVID-19 spreads around the world, the general population seek

information on methods of protecting themselves. This concern and health literacy

could be reflected in Google searches. Google searches for flu symptoms have been

found as good indicators of influenza outbreaks, and have been applied to estimate

national and regional influenza incidence (2). Google search trends were also used to

predict the national COVID-19 outbreak in China (3), Iran (4) and Taiwan (5). In

addition to infectious diseases, Google searches have been used to reflect population

mental status and behaviors such as major depression (6) and suicide (7). This study

hypothesized that the search behaviors on health literacy might reflect the spreading

speed among different countries. More specifically, we aimed to examine whether

google searches for “wash hands” and “face masks” would protect from increased

numbers of confirmed cases of COVID-19 among 21 countries.

Methods



We applied Google searches for “wash hands” and “face mask™ during January 19 to

February 18 as a surrogate of national population health literacy and health policy

among 21 countries with differing rates of increase in COVID-19 after February 19,

2020 (no countries other than China had accumulated more than 100 cases of COVID-

19 prior to February 19, 2020). We used Google Trends (8) to target two keywords

“wash hands” and “face mask™ among the 21 countries with differing rates of COVID-

19 spread during February 19 to March 10. We confirmed the translation of these two

keywords by using both the translation from Chinese and English, with back-translation

on Google Translate (https://translate.google.com/), and to examine whether these

keyword searches had the most increase in the latest 30 days on Google Trends

(Supplement Table S1).

A “Google trend” number represents the search interest relative to the highest point for

the selected region and time. A value of 100 is the peak popularity of the term, whilst

a value of 50 means that the term is half as popular. Considering both the intensity and

duration of the increased population interest, we defined the indicator as the number of

days during January 19 to February 18 with a “Google Trend” value of at least 25 from

baseline (Figure 1), which we have defined as search interest from December 19, 2019

to January 18, 2020 (A period prior to any widespread knowledge of the disease

worldwide). We examined the temporal correlation between the indicator and the



increased case numbers of COVID-19 among 21 countries from February 19 to March

10, 2020.

Results

The number of days with an increased value of at least 25 from baseline search for

“wash hands” from January 19 to February 18, 2020, was temporally negatively

associated to the logarithmic increased cases from February 19 to March 10, 2020 with

the Pearson's correlation coefficient (r) of -0.70, P < 0.001 (Figure 2). In addition, the

number of days of a value of at least 15 to 50 value in increased search for “wash hands”

were all significantly negatively correlated to the increased case numbers of COVID-

19 (r= -0.46, P=0.038 to -0.70, P<0.001). The findings show that increased google

searches for “wash hands” (defined either as increased at least 25 from baseline search

value or at least 15 to 50 baseline search value, Supplement Table S2) from January 19

to February 18, 2020, correlated with a lower spreading speed of COVID-19 from

February 19 to March 10, 2020. Whereas, increased search interest in “face mask™ had

no significant correlation with changes in COVID-19 cases (r =-0.22 to -0.43, P > 0.05,

Table S2).

Discussion

Google searches for "face mask" reached an all-time high since February 2020. Another

keyword “wash hands”, which is more important and relevant to COVID-19 spread,



also increased but not in the magnitude of increase of the search for “face mask”.

Google search for “wash hands” indicated not only the promotion of hand hygiene

awareness but might also reflect the extent that people proactively engaged in hand

washing. The related queries for “wash hands” on Google Trends among the 21

countries included hand sanitizer brands, hand washing steps, and information

regarding COVID-19. The increased internet search queries indicated the more people

proactively engaged in hand hygiene, which may have had an effect on reducing the

speed of COVID-19 outbreak during the following three weeks. Since approximately

19% of the world population washes hands with soap after contact with excreta (9), and

environmental contamination by patients with COVID-19 through respiratory droplets

and fecal shedding (10) suggests the need for strict adherence to hand hygiene.

The significant increase in searches for “face mask™ revealed general population’s

anxieties towards COVID-19 and the possible short supply of face masks during

periods of a COVID-19 pandemic, despite the evidence that face masks worn by healthy

individuals are still controversial in infection prevention (11). Although current

available research supports the possibility that severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) could be spreads via bioaerosols generated directly by

patients’ exhalation, face masks seem to be ineffective in preventing the dissemination

of SARS—-CoV-2 from the coughs of patients with COVID-19 to the environment (13).



These findings were consistent with our results that hand hygiene is a more effective

strategy than wearing a face mask. In addition, the Google searches for “face mask”

and “wash hands” would correspond to different implications. The increased search for

“face mask” might indicate the increased numbers of people wearing face masks, but

also might result from the short supply of face masks in the corresponding country,

which would indicate few people were wearing face masks. However, the increased

google searches for “wash hands” would simply indicate people engaged more in hand

hygiene. In summary, our findings support the experts’ suggestion that even if wearing

a face mask is indicated, it is still important to wash hands with soap and water for at

least 20 seconds prior to putting on the face mask (14), and repeating hand hygiene after

touching the outer surface of masks (13).

We expect that the increase of google searches for “wash hands” provide real-time

indicators for transmission-reduction policies and population health literacy in the early

stage of the COVID-19 outbreak. Moving forward it is noteworthy to examine whether

the promotion of population’s awareness of hand washing will still provide the greatest

benefit to mitigate the pandemic.
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Figure 1. We defined the baseline as the average of Google Trend” value (16.5) from December 19, 2019 to January 18, 2020, based on this period
prior to any widespread knowledge of the disease worldwide. We defined the indicator as the number of days during January 19 to February 18
with a “Google Trend” value of at least 25 (16.5+25=41.5) from baseline. The number of days was 22 with an increased value of at least 25.

Similarly, the number of days was 15 with an increased value of at least 50 in Taiwan
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Figure 2. The number of days with a “Google Trend” value of > 25 for “wash hands”

during January 19 to February 18 had a temporally negatively association to the

logarithmic increased COVID-19 cases among 21 countries during February 18 to

March 10.
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Supplement

Table S1. The search keywords of “wash hands” and “face mask” among 21

countries.
wash hands face mask

Australia wash hands mask
Austria Héande waschen maske
Belgium handen wassen masque
Canada wash hands mask
France laver les mains masque
Germany Hénde waschen maske
Hong Kong w"F A=
Iran Ol Cad Seula
Italy lavare le mani maschera
Japan FEWV NAD
Netherland handen wassen masker
Norway handvask maske
Singapore wash hand mask
South Korea E=M7| otA3
Spain lavarse las manos mascaras
Sweden tvitta handerna ansiktsmask
Switzerland hénde waschen mask
Taiwan HF AE
Thailand avdia UUININ
United Kingdom wash hands mask
United State wash hands mask

14




Table S2. The correlations between the increased case numbers of COVID-19 and the Google searches for “wash hands” and “face mask” with

an increased value of at least 15 to 50 from baseline.

Keywords
Wash hands | Increased search
] +15 +20 +25 +30 +35 +40 +45 +50
value from baseline
Pearson's correlation
) -0.45 -0.65 -0.70 -0.62 -0.61 -0.60 -0.61 -0.62
coefficient
P value 0.038 0.001 <0.001 0.003 0.003 0.004 0.003 0.003
Face mask Increased search
] +15 +20 +25 +30 +35 +40 +45 +50
value from baseline
Pearson's correlation
) -0.22 -0.22 -0.23 -0.18 -0.32 -0.35 -0.40 -0.43
coefficient
P value 0.329 0.339 0.323 0.430 0.159 0.123 0.073 0.051
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Highlights

® The increased Google searches for “wash hands”, rather than “face mask”, reducing the speed of COVID-19 outbreak during the following
three weeks among 21 countries.

® Google search for “wash hands” indicated not only the promotion of hand hygiene awareness but might also reflect the extent that people
proactively engaged in hand washing.

® Google searches for “wash hands” provide real-time indicators for transmission-reduction policies and population health literacy in the early

stage of the COVID-19 outbreak.
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