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ABSTRACT

Introduction: This manuscript analyses the use and evolution, through Google Trends as a source of information, of internet-based information-seeking
behaviour related to the SARS-CoV-2 pandemic using the terms: Coronavirus, COVID-19, SARS-CoV-2 from January 1, 2020 to April 15, 2020.

Methods: A generalized linear model was used to analyse the relation between SARS-CoV-2 data epidemiology and the Search Volume Index of the terms
obtained from the Google Trends query. Significant trend changes were assessed by Joinpoint methodology.

Results: A total of 7,873 SARS-CoV-2 confirmed cases were collected with an increase of 4.7% in the selected period. A relation was found between the
confirmed cases (dependent variable) and the Search Volume Index of the Coronavirus term, with a correlation rho = 0.79 (p <0.000).

Conclusion: The analysis of search engine query data in order to create mathematical models that forecast disease spread could be useful and helpful

to activate and improve strategic plan to control an outbreak.
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INTRODUCTION

To date, SARS-CoV-2 (COVID-19) has spread rapidly in 185
countries, with approximately 3,000,000 confirmed cases and
over 200,000 deaths as of April 27, 2020." Considering the
global threat, the outbreak was declared a Public Health Emer-
gency of International Concern on 30 January 2020 by the
World Health Organization (WHO).2 In the last few wegks, several
scientific reports have been published on the epidemiology of
the infection, the clinical course, laboratory testing and treating
support.®# However, there are no vaccines against SARS-CoV-2
or specific therapeutic drugs for this communicable disease.

The use of internet data has become an integral part of health
informatics over the past decade. Big Data is associated with
the massive computational resources needed to cope with the
increasing volume and complexity of data from many sources.
It has shown great potential in forecasting and better deci-
sion making, being continuously integrated into research with
novel approaches and methods.®-® In this sense, studies have
demonstrated that many people seek health information from
internet sources.® Data from Google Trends have been shown
to be valuable to monitor health information-seeking behaviour
trends, epidemiology, aetiology and management of specific
health conditions, predictions or detection of outbreaks.'®!
Scrutinising such information now constitutes a new research
discipline termed “Infodemiology”, which is defined as “the
science of distribution and determinants of information in an
electronic medium, specifically the Internet, or in a population,
with the ultimate aim to inform public health and public policy”.'?

It seems clear that we need urgently to develop further public
health activities in order to better understand the epidemiology
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of the novel virus and characterize its potential impact on pub-
lic health. Given the actual situation, and taking advantage of
these new technologies of “Infodemiology”,"? the main objec-
tive of this study is to analyze the use and evolution, through
Google Trends as a source of information, of internet-based
information-seeking behaviour related to the COVID-19 pan-
demic in the territory of the autonomous community of Galicia
(Spain). The secondary objective is to evaluate the relationship
between COVID-19 searches and related mass media stories.

METHODS

Google Trends Tool

Google Trends provides access to Internet search patterns by
analyzing a portion of all web queries on the Google Search
website and other affiliated Google sites.”® It analyses a sample
of the billions of daily search results and provides information
on geospatial and temporal patterns in search volumes for
user-specified terms.

Google Trends creates a “Search Volume Index” (SVI), which
represents the relative search volume for a search term in-
dexed against the overall search volume. Search volume index
values are adjusted to a normalised data scale of 0—100 based
on a topic’s proportion to all searches on all topics in order to
reduce data redundancy and improve data integrity." Different
regions that show the same search interest for a term don't
always have the same total search volumes.

Users are able to download the output of their searches to
conduct further analyses. The value O does not necessarily
indicate no searches, but rather indicates very low search
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volumes that are not included in the results. The adjustment
process also excludes queries that are made over a short time
frame from the same internet protocol address and queries
that contain special characters.

Data collection

Data were collected using a Windows®10 (Microsoft®, Wash-
ington, USA) laptop computer. All cookies from Google Chrome
81.0.4044.113 (Google LLC, California, USA) browser were
removed before data collection was started. Based in previ-
ous studies,™ on April 27, 2020, we queried Google Trends
and downloaded the data for the following search input using
the keywords individually and in combination for comparison:
Coronavirus, COVID-19, SARS-CoV-2. Restricting the search
to the geographical region of Galicia. Category filters were not
included. The selected date range was from January 1, 2020
to April 15, 2020.

Once the points of each term with a greater SVI or that meant
a significant change in the trend have been identified, a search
on the Google Search Engine website applying the filters for
the dates corresponding to those points and using the “news”
query category was performed. Likewise, Galicia epidemio-
logical data for the established date range, provided by the
Ministerio de Sanidad (Gobierno de Esparia),’® of the SARS-
CoV-2 pandemic were obtained in order to make a comparison
with the search volume of the most used term.

Statistical analysis

Following the recommendations on big data analysis with
Google Trends of specialized literature,”#>'6 genomic and
proteomic a statistical analysis was performed with the statisti-
cal package Stata® 14.2 (StataCorp LLC, Texas, USA). Sta-
tistical tests were two-tailed with a 95% confidence interval.
The Spearman’s correlation coefficient was used to examine
the associations between search terms. A generalized linear
model selecting the model according to the Akaike information
criterion (AIC) and the analysis of the residuals was performed
to assess the correlation between terms.!”

The Joinpoint Regression Program, Version 4.8.0.1 (Statistical
Research and Applications Branch, National Cancer Institute,
USA) was used to identify significant trends changes over
time for each search.’® The Joinpoint methodology, based
on Traditional Bayesian Information Criteria, is ideally suited
to examine trends over time and to test whether an apparent
change in trend is statistically significant.”® The selected pa-
rameters were: A minimum of 1 week between two joinpoints
were required, and a maximum of three joinpoints were al-
lowed for describing the data. The trend was expressed by
an annual percent change, a summary measure of the trend
over a pre-specified fixed interval.®

RESULTS
Confirmed Cases (WHO data)

Atotal of 7,873 SARS-CoV-2 confirmed cases in Galicia were
collected by the Ministerio de Sanidad between January 1 and
April 15. The trend model (figure 1) indicates an increase of
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4.7% (p <0.000) during that period, with four well-differen-
tiated segments found in Table 1.

Coronavirus term

The Coronavirus term is the most searched, and it has suf-
fered a progressive increase in the last 3.5 months, marking
its highest peak in search volume on March 12 (figure 1). The
statistical trend analysis of the Coronavirus term shows an
increasing evolution, with a global APC of 3.6% (p <0.000).
Three joinpoints with their 4 corresponding segments were
found in the term search volume trend (table 1). The start of
the ascent begins on January 21, until February 25 (SVI =
22). Analyzing the news during that period, they are general
information about the “new Wuhan coronavirus”, which com-
pared it to previous epidemics such as the flu or talked about
its symptoms and the possibility that it could spread outside
China. Another noteworthy news in that period is the appear-
ance of the first case in the USA.

After a period of relative stability regarding the SVI, on March
7 (SVI = 18) there is a sharp rise until March 12 (SVI = 100).
In this period, reports of the first cases and deaths in Spain,
[taly, Iran, Mexico, etc. begin to appear in the news. It also
matches with the WHO declaration of a pandemic and the
first confinement measures in some countries. After this last
peak it seems that the tendency is to decrease significantly.

COVID-19term

The term COVID-19also presented an increase (Global APC =
3.7%; p<0.000), but with a later onset (7 days) than the term
Coronavirus according to trend analysis (figure 1 and table 1).

Search volume begins to climb slowly from February 21 until
March 8 (from SVI = 0 to SVI = 7), at which point it undergoes
a much steeper fluctuating increase to its peak on March 19
(SVI=89) and April 3 (SVI = 100). Analyzing the news of those
dates, the beginning of the increase in searches coincides with
the date on which the WHO released the name of the disease.
The steepest rise coincides with the beginning of the contain-
ment measures and the increase in cases in various countries.

Figure 1. Trend lines of the search volume index of the terms described
and the confirmed cases.
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Table 1. Trend and jointpoints of each of the search terms, as well as the number of confirmed cases of SARS-CoV-2 from January 1 to April 15, 2020.

PULSE PARA VOLVER AL INDICE

Segment Lowe(rDE;S)pomt Uppe(nggg)pomt APC Lower 95%Cl gg,f;oecrl Stangitc N Prob > Itl
1 1 66 0.3 -0.2 0.8 1.3 0.2
2 66 74 60.4 40.3 83.5 7.0 0.0
Confirmed Cases 3 74 88 17.9 11.9 24.3 6.2 0.0
4 88 106 7.7 -10.6 -4.6 -4.9 0.0
Global 1 106 4.7 3.3 6.2 6.6 0.0
1 1 33 55 4 7 7.6 0.0
2 33 48 -3.3 -7.9 15 -1.4 0.2
Coronavirus term SVI 3 48 73 16 135 18.5 13.6 0.0
4 73 106 -3.7 -4.9 -2.4 -5.5 0.0
Global 1 106 3.6 2.5 4.7 6.6 0.0
1 1 40 -0.0 -1.4 14 -0.0 1.0
2 40 66 6.9 4.0 9.9 4.8 0.0
COVID-19 term SVI 3 66 74 371 13.4 65.7 3.3 0.0
4 74 106 -1.3 -3.1 0.7 -1.3 0.2
Global 1 106 3.7 1.9 5.6 41 0.0
SARS-CoV-2 term SVI Global 1 106 2.4 15 3.3 5.1 0.0

APC, Annual Percent Change; CI95%, Confidence Interval 95%; WHO, World Health Organization; SVI, Search Volume Index.

The trend analysis showed 3 changes in trend coinciding with
those previously described (table 1).

SARS-Col/-2 term

The term SARS-CoV-2 it was the least sought after, with an
APC of 2.4% (p <0.000) during this period, and only one
segment, without jointpoints (table 1). It is the one that later
begins to increase the volume of searches, doing it in a very
fluctuating way (figure 1), and not clearly associating itself
with news in the media.

Correlation and generalized linear model

A linear correlation was found between the confirmed cases
(dependent variable) and the de SVI of the Coronavirus term
(rho = 0.79; p <0.000), the rest of independent variables
(COVID-19and SARS-CoV-2terms) did not show a statistically
significant relationship (table 2). A linear correlation between
Coronavirus term and COVID-19 term (tho = 0.85; p <0.000),
and Coronavirus term and SARS-CoV-2 term (rtho = 0.41; p
<0.000) was also found.

DISCUSSION

The study of Internet search patterns has facilitated opportuni-
ties for evaluating public interest encompassing a variety of
health-related topics.'>'® Further, behavioural measures are
needed in the healthcare environment and in public health
planning, where national indices of progress on behaviour

measures could guide policy and conveyance planning.' Us-
ing internet big data analysis in healthcare research holds
promise, extrapolating data from a portion of 3 billion searches
daily, Google Trends represents a powerful tool for gauging
public interest and has demonstrated its unique value in nu-
merous analyses.'®

On 31 December, at the end of 2019, some cases of pneu-
monia of unknown etiology were notified to the WHO Country
Office in China, regarding Wuhan, a city in the province of
Hubei.?" The 3 months since the emergence of COVID-19
have demonstrated the rapid pace at which a virus can spread
and at which science can develop. Every outbreak provides an
opportunity to gain important information, some of which is
associated with a limited window of opportunity.? In this case,
the strategy against the pandemic seeks to detect the needs
for the prevention, diagnosis and treatment of this pathology,
as well as to establish work objectives and agreed-upon care
recommendations and application of these to as many people
as possible.

Since its launch in 2006, Google Trends has proven to be
a valuable and accessible tool. It has mostly been used for
monitoring and surveillance of communicable diseases and
epidemics.'®2® Despite concerns regarding the adequacy of
available patient education materials,*?> with an increas-
ing number of users turn to the Internet for health related
background information. Our data analysis suggests that the

Table 2. Generalized linear model results.

Variable Coefficient Standard Error P>zl
Coronavirus term SVI 0.52 0.14 0.000
COVID-19 term SV 0.02 0.03 0.523
SARS-CoV-2 term SVI -0.01 0.02 0.703
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Coronavirus term follows a linear correlation with the number
of confirmed cases of SARS-CoV-2 in a statistically signifi-
cant way. It can be seen that the trend lines are similar, with
the Coronavirus term trend changes occurring a minimum of
15-30 days before the increase in cases (table 1). It could
be possible that the search engine query data serves as an
epidemiological model for future pandemics, or as a method
of monitoring peak cases with the intention of anticipating
and preparing for them. This has already been tested in other
countries with this same methodology.?®

Likewise, any news stories, new interventions or aetiology
related to SARS-CoV-2 can manifest as an increase in infor-
mation-seeking behaviours for any of the proposed search
terms. This is consistent with the results obtained in previous
studies.™ This strengthens the idea that information-seeking
behaviour is influenced by the level of awareness exposure,?3?”
and therefore, it may be possible that the mass media cam-
paigns, in a direct and indirect way, can produce positive
changes or prevent negative changes in health-related be-
haviours across large populations.?

It should be mentioned that there seems to be a correlation
between Coronavirus and COVID-19 or SARS-CoV-2. Both
combinations were linked to the same influencing factors and
happened during the same period of time. It seems that people
use them indifferently, but possibly the term Coronavirus is
the most used because it is more generic. Therefore, Google
Trends could also be a powerful tool to understand the ter-
minology used by patients in different regions.

The Internet is unique as it serves as both a primary source of
medical information and as a tool to study health information
seeking behaviours. The mass media can hugely affect it. There-
fore, understanding healthcare information seeking behaviour is
essential in order to control and plan the quality of knowledge
provided by health organisations, advocacy groups and health
professionals regarding SARS-CoV-2 pandemic. A combination
of the existing source containment strategy, contact investiga-
tion, infection control at health care facilities, as well as in com-
munity settings along with this new kind of search engine query
data-based approach in order to create mathematical models to
forecast disease spread, could be useful and helpful to activate
and improve strategic plan to control an outbreak.* Further re-
search is needed to understand how healthcare providers can
use Google Trends to understand health information-seeking
behaviours and its effect on public knowledge, awareness,
disease-related anxiety and the interaction between patients
and healthcare information providers. Despite this, the results
are promising for future applications.
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