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Abstract—word count: 150

This study aimed to explore the patterns of community health risk perception of coronavirus
disease 2019 (COVID-19) in South Korea using Internet search data. Google and NAVER
relative search volume data were collected using COVID-19-related terms in Korean language.
Online queries were compared with the number of new COVID-19 cases and tests. Time series
trends and Spearman’s rank correlation coefficients showed that the number of COVID-19-
related queries in South Korea increased during the local and international events; higher in
women, certain age groups; and higher in affected areas, which represented the community
health risk perception. Greater correlations were found in mobile searches compared to that of
desktop searches, indicating the changing behavior in searching health online information. The
use of both Google and NAVER RSV to explore the patterns of community health risk
perception could be beneficial for targeting risk communication in several perspectives including

time, population characteristics, and location.

Text—word count: 3506

Introduction

The World Health Organization (WHO) has already declared the coronavirus disease
2019 (COVID-19) outbreak as a pandemic since March 11, 2020 (1). As of April 6, 2020, the

disease has infected 1,210,956 individuals worldwide including 10,284 individuals in South
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Korea (2). The first COVID-19 case in South Korea was confirmed on January 20, 2020 (3).
Slow upturns of disease transmission were reported before February 19, 2020; the huge local
clusters observed in Daegu led to the increases in the number of new cases daily (4). Numerous
approaches have been conducted to prevent disease transmission along with coronavirus drive-
through tests and social distancing (5, 6). Coronavirus drive-through tests were identified as a
safe and efficient screening approach, with each test taking approximately 10 minutes, and thus
minimize the cross-infection among testees (6). To date, the average number of daily new cases
is now three times lower than those during the peak of the epidemic (from February 19 to March
15, 2020) (3). Consequently, South Korea has been considered among the best-performing

countries to tackle the pandemic.

On the contrary, adequate risk communication could also help minimize the impact of
disease spread (7). Thus, in the pandemic period, the WHO suggests regular risk communication
by updating any changes in the status of pandemic to the public and stakeholders (8). This action
might be challenging since proper risk communication needs a robust understanding of risk
perception which could identify what knowledge the public needs (7). However, studies
exploring risk perception were often conducted using survey methods or content analysis (7, 9-
11), which requires huge resources and takes longer time especially when investigating an
emerging disease. This approach might be less affordable since the health system will be
overburdened with the surge of healthcare utilizations, thus causing more barriers for assessing

the community health risk perception.

Therefore, this study aimed to explore the patterns of community health risk perception
towards COVID-19 in South Korea using Internet search data. This novel approach is potentially

used so that the Internet query data could be provided more easily, in a timely manner, and in a
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cost-effective way compared with the survey method (12) and also potentially capture anomalous
patterns in real time (13). In this analysis, we utilized Google and NAVER relative search
volume (RSV) to represent the online queries from the biggest search engine and Korean local
search engine. This study explored the patterns of public health risk perception towards the
ongoing outbreak in several different perspectives including time, population characteristics, and
location as used in epidemiological studies. Future studies are warranted in order to define the

best lagged period in performing effective risk communication in early stage of disease outbreak.

Methods

Datasets

Numbers of new COVID-19 cases and coronavirus tests performed on a daily basis were
collected from the South Korea open access data set from Kaggle by Joong Kun Lee and
colleagues in collaboration with the Korea Centre for Disease Control and Prevention (KCDC)
from January 20 to March 22, 2020 (3). We used the Time.csv dataset to retrieve the number of
new daily COVID-19 cases and tests on a daily basis and TimeProvince.csv dataset to collect the
cumulative coronavirus cases by region. Those datasets covered all cities in South Korea. We
used all data provided, including those during the observation period. By contrast, Internet search

data related to COVID-19 were retrieved from Google Trends (https://trends.google.com/) and

NAVER websites (https://datalab.naver.com/) in the same geolocation. The information searched

were collected six weeks earlier from December 5, 2019, to explore the patterns prior to the

occurrence of the first COVID-19 case in South Korea. Google and NAVER RSV data were

collected using COVID-19-related terms including coronavirus (Z 2L} HFO|2{ ), coronavirus

test (2 2Lt HFO|HA HAE), MERS (H| £ ), facemask (BF23), and social distancing
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(At2] ™ HE| % 7]) in Korean language and retrieved according to time, gender, age groups,
type of devices, and location.
Analysis

The data were analyzed in a single graphical form to explore the trends in the new
COVID-19 cases, number of tests, and Internet searches on a daily basis. Time-lagged
correlation calculated by Spearman’s rank correlation coefficients were employed to assess
whether correlations between new COVID-19 cases, Google, and NAVER RSV were affected by
time within 3 days of lagged and lead period. The statistical analysis was performed using
STATAL3, and strong correlations were defined as correlation coefficients greater than 0.7.
Moreover, multilayer maps created using Tableau Public were generated to define the

distributions of new COVID-19 cases and Internet searches.
Results

Community health risk perception captured by Google and NAVER RSV were divided into

several parts, including patterns by time, population characteristics, and location:
Trends in new COVID-19 cases, number of tests, and Internet searches on a daily basis

South Korea reported the first case of COVID-19 on January 20, 2020, as shown in
Figure 1 with three peaks of disease transmissions. The first peak occurred until February 18,
2020. The average new cases increased to 311 and dramatically decreased to 110 cases per day
since March 16, 2020. As of March 22, 2020, South Korea reported 8,897 cases of COVID-19.
On the contrary, an immense number of tests were also performed during the outbreak. South

Korea has performed 5,266 tests per day on average from January 20 to March 22, 2020, and
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106 466,804 tests in total as of April 6, 2020, recording South Korea as a country with the third

107  highest number of tests performed.

108 During the outbreak, trends of information searches for coronavirus (2 2 L} HO|2{A)

109  captured by Google and NAVER were similar as shown in Figure 2(A). Three huge peaks of
110 Internet searches were observed in the second and fifth week of January and in the fourth week

111 of February 2020. Coronavirus-related searches remained high for several days since the first

112 COVID-19 case was reported in Wuhan on December 12, 2019 along with MERS (H[ £ 2)-

113  related queries which also elevated in last two peaks. However, massive surges of information
114  searches occurred along with the identification of the first COVID-19 case in South Korea on
115  January 20 and the WHO’s declaration of the Public Health Emergency of International Concern
116  (PHEIC) on January 30, 2020. Compared with the daily data on new COVID-19 cases,

117  information searches provided by Google Trends and NAVER peaked six to seven days earlier.
118  The third peak of coronavirus searches possibly correspond to the immense increase in the

119  number of new COVID-19 cases due to local transmission. Searches gradually decreased even

120  after the outbreak was declared as a pandemic by the WHO on March 11, 2020 (1).

121 Furthermore, coronavirus test-related searches (2 2 Lt HO| 2{ A E| A E) were not

122  captured in Google Trends; hence, Figure 2(B) only showed NAVER RSV related to coronavirus
123  tests, facemask, and social distancing. Increases in the Internet searches were observed weeks
124 after the COVID-19 cases were reported and before coronavirus test kit was approved on

125  February 7, 2020 (14). The second wave of information searches was found in the third week of

126  February 2020, which might be caused by the increase in the number of new COVID-19 cases
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127  and the implementation of coronavirus drive-through tests on February 23, 2020 (6). However,
128  patterns of coronavirus test-related searches seemed more similar to trends of new COVID-19

129  cases compared with the daily numbers of tests.

130 Similar patterns to the online queries on coronavirus test were also identified for

131  facemasks (OF23). In the role of personal protective measures, facemask-related queries were

132  elevated in the same period when people started to search for coronavirus tests and facemask
133 shortage in early February (15), and gradually declined in late of February as the regular supply

134  of facemask has been provided government (16). Besides, the massive increase of locally

135  acquired cases also induced huge internet searches related to social distancing (At=| &

136 A 2|5 7]) as one of the preventive approaches. Those searches reached their peaks as a
137  widespread campaign for social distancing in the first week of March 2020 in South Korea (5).

138  Time-lagged correlations between new COVID-19 cases and Internet searches in different

139  gender and age groups

140 As shown in Table 1, results demonstrated a moderate correlation (0.640) between new
141  COVID-19 cases and Google RSV related to coronavirus in lag —3. On the contrary, the high
142 correlations (0.718) of coronavirus information searches counted for both men and women in lag
143 —3 showed no differences for NAVER RSV. However, the correlations varied across different
144 age groups and lagged periods. High correlations were observed in lag —3 for overall ages

145  (0.729), and those aged <18 years (0.821), 19—24 years (0.784), 25—29 years (0.726), 50—54

146  years (0.706), and >50 years (0.725). Meanwhile the lowest correlation was found at the age

147  group of 35—39 years old (0.622). The <18 year and 19—24 year age groups for NAVER RSV
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have high correlations in almost all lagged and lead periods. Moreover, the strength of
correlations was decreased in the lead period or a few days after the number of new COVID-19
cases increased, either for Google or NAVER RSV. Compared to NAVER RSV, Google RSV

for coronavirus has lower correlations with new COVID-19 cases.

Different patterns occurred for coronavirus test-related search. No correlation could be
calculated for Google RSV due to the insufficient number of queries recorded. High correlations
were found in lag —1 for men (0.795) and lead 1 for women (0.823) for NAVER RSV, as well as
for all age groups in lead 1 (0.828). Moreover, weak to strong correlations were reported in
different age groups. The 19-24-year age group has a high correlation (0.725) in lag —1 followed
by the 30—34-year age group (0.786 in lead 1), 35-39-year age group (0.826 in lag —1), and 40—

44-year age group (0.755 in lag 0), respectively.

Trends in online information searches based on the type of devices used for assessing

Internet

Figure 3(A) showed the trends of online information searches for coronavirus and
coronavirus tests in mobile devices and desktops. Mobile search queries for coronavirus were in-
line with the desktop search during the first peak. However, mobile searches were higher either
in the second or third peak of the outbreak. For coronavirus test-related searches, mobile

searches seemed to be more frequent and stable than those of desktop searches, in all peaks.

Spearman’s rank correlation coefficient in Figure 3(B) showed high correlations for
overall dataset (mobile and desktop searches) of coronavirus searches in lag —3 (0.729), as well
as mobile searches (0.761). Interestingly, mobile searches have stronger correlation coefficients

in all lagged and lead periods than the overall searches. Yet, weak-to-moderate correlations
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170  (0.417-0.546) were observed for coronavirus-related searches through desktop devices. For

171  coronavirus test online searches, high correlations (0.770-0.828) were reported in all lagged and
172  lead days. Still, mobile searches were observed to have a higher correlation coefficient than

173  desktop searches. The highest correlation found in lag 0 for mobile searches (0.804) and lag —1

174  for desktop searches (0.717).

175 Distributions of new COVID-19 cases and Internet searches

176 Spatial distributions of new COVID-19 cases and Google RSV are illustrated in Figure 4.
177  Results showed that 9 days before the confirmed cases were reported in South Korea, the

178  numbers of Google RSV related to coronavirus captured in Gyeonggi-do, Seoul, and Incheon
179  Province increased. Then, the aforementioned provinces reported COVID-19 confirmed cases.
180  During the early weeks of disease transmission, COVID-19 spread in Seoul, Incheon, Gwangju,
181  Gyeonggi-do, and Jeollabuk-do as shown in Figure 4(B-D). Similar patterns were also captured
182  for Google RSV that seemed to be elevated along with those periods in the western part of South

183  Korea where the confirmed cases were reported.

184 Furthermore, a huge surge of new COVID-19 cases started on February 19, 2020, as

185  shown in Figure 4(E). Google RSV gradually increased during those periods for the eastern part
186  of South Korea including Daegu, the epicentre for local transmission, which contributed to

187  71.79% of the confirmed cases or 262.14 cases per 100,000 population (17). Increases in online
188  searches were observed in Gangwon-do, Gyeongsangbuk-do, Chungcheongbuk-do, Daejeon,
189  Gyeongsangnam-do, and Jeollanam-do, the surrounding provinces of Daegu. The massive

190  numbers of locally acquired cases occurred from February 25 to March 4, 2020 (Figure 4(F)) and

191  quickly declined in the mid of March (Figure 4(G)). When number of new cases decreased, the
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number of Internet searches in the western part of South Korea started to increase, which showed
an elevation in the number of COVID-19 cases in the later part of the study period (Figure 4(H)).
Interestingly, Internet queries remained high (66-100 points) in Jeju, one of the most famous
tourist destinations, during the period of observation; meanwhile, the incidence rate was only
0.60 per 100,000 population. By contrast, the incidence of COVID-19 in Sejong was 12 times
higher (11.98 per 100,000 population) than that in Jeju. However, the number of search queries

throughout the observation period was low.

Discussion

Risk perception was defined as a person’ subjective judgments toward the likelihood of
negative occurrences including diseases or illnesses (18). In terms of disease outbreak,
understanding the community health risk perception is urgently needed in the early phase of an
outbreak particularly in the case of an emerging disease. This is because, in the initial period,
there will be limited treatments, few numbers of resources, and delays in active interventions
(19). Therefore, exploring the perception of risk would be a necessary step in managing the risk
of outbreak. Since a robust public risk perception assessment could help in divining effective risk
communication, this step should be conducted immediately to reduce the impact of the COVID-
19 outbreak. Consequently, it would be more affordable to conduct the community health risk
perception assessment using Internet search data, since it could be provided more easily, in a
timely manner, and in a cost-effective way compared with a survey method (12) and also
potentially capture anomalous patterns in real-time (13). With the widespread use of mobile
devices and Internet, Internet search data could be more accurate in representing the community

health risk perception (20) as information seeking intention is directly affected by risk perception

(9).
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215 In this study, we found various correlations, which ranged from weak to strong

216  correlations, among Google, NAVER RSV, new COVID-19 cases and number of tests. Previous
217  studies also reported high correlations between Google and NAVER RSV compared with

218  surveillance data (12, 21). Therefore, immense searches of COVID-19-related information might
219  represent the community health risk perception during local and international events. NAVER
220 RSV, as a local search engine that obtained the second largest market share in South Korea,

221  tends to be more sensitive against local issues such as coronavirus test as shown in Figure 2(B).
222 A similar result has also been reported in a previous study which demonstrated that Baidu has
223  better predictive performance for disease prediction than Google RSV (21). These findings

224 suggest that NAVER RSV could also potentially complement the use of Google RSV, which is

225  excessively utilized in the field of surveillance and health risk perception assessment.

226 Patterns of community risk perception retrieved from information searches in this

227  analysis were explained in different aspects: time, gender, age groups, type of devices used for
228  accessing Internet, and spatial distributions. Patterns according to time showed that online

229  queries related to COVID-19 increased during local events including the local transmission,

230  approval of coronavirus test kits, implementation of coronavirus drive-through tests, facemask
231  shortage, and widespread campaign for social distancing as well as during international events
232  such as the announcement of PHEIC. Yet, South Korea was also one of the countries affected by
233 the MERS epidemics (22). That experience might also be one of the reasons for the increased
234  searches for coronavirus even though cases have not yet been detected. These findings indicated
235 that public health risk perception increased following both local and international crises. Hence,
236  risk communication should be conducted promptly, considering that health risk perception might

237  be change over time as the outbreak progresses.
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Patterns by time also revealed the decreased number of Google and NAVER RSV in the
middle of the epidemic curve, which might be caused by the extensive availability of online
news and health expert reports during this period (23). It might also be provoked by the
decreased risk perception as the epidemic progressed (7). Thus, utilizing Internet query data in

analyzing community risk perception could be useful in the early stage of an outbreak.

Moreover, patterns by different age groups presented that the younger (<29 years old)
and older age groups (>50 years old) have high correlations of Internet searches for coronavirus
with new COVID-19 cases. This finding demonstrated high-risk perception from those age
groups, even three days prior to the increase in the number of new COVID-19 cases. High-risk
perception in younger age groups might be induced by massive Internet access for acquiring
information and high numbers of confirmed cases in that age group (33.24%) in South Korea
(17, 24). Meanwhile, perceived vulnerability might be common in older age groups since older
age is one of the prominent risk factors for COVID-19 mortality (25), and 98.08% of fatal cases
in South Korea occurred in older adults (17). Accordingly, a previous study also showed that the

older age group has a higher risk perception (7).

By contrast, the age group of 30 to 49 years old only showed low to moderate
correlations even for three days before the event. It might be due to the lower percentage of
confirmed cases (23.94%) in that age group compared with that in the younger age group (<29
years), which could also influence the health risk perception. Meanwhile, online queries for
coronavirus test showed the high-risk perception in the 35-39-years age group. These findings
illustrate that adults perceived the coronavirus test-related information as more important than
disease-related knowledge. It might be also influenced by massive coronavirus test conducted so

far. Meanwhile, the younger (aged <29 years) and older age groups (aged >50 years old) have a
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261  different perception, making the infection-related information among the essential searches. In
262  terms of gender, both men and women perceived coronavirus as the same level of risk, but higher
263  in women for coronavirus test. This result is similar to that reported a previous study which

264  showed a higher risk perception in the female group (7). Hence, health risk communication

265  should be carried in both men and women as well as in vulnerable age groups.

266 For device utilization, patterns demonstrated that mobile searches have greater

267  correlations with COVID-19-related searches compared with desktop queries. High correlations
268  for mobile searches were even observed three days prior to the disease onset. However, desktop
269  searches showed high correlation in lag —1, which was two days late, compared with mobile

270  searches. This finding implies that high-risk perception stimulated enormous number of mobile
271  searches during the outbreak period. Identical results were also illustrated in previous study by
272  Soo-Yong Shin and colleagues (12). With the widespread use of mobile devices in the digital era
273 (20), this promoted a change in the behavior, from desktop to mobile device use. Therefore, the
274 government should ensure that risk communication could be assessed easily through mobile

275  devices.

276 Research findings also demonstrated that the distributions of Internet searches were
277  higher in the location with new COVID-19 cases. This finding was similar to that in previous
278  studies which indicated that people in affected areas have higher risk perception (7, 11).

279  However, Internet searches continued to increase in a vulnerable location such as tourist sites
280 including Jeju. Those findings demonstrated that health risk communication is urgently needed

281 in affected and vulnerable areas.
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282 In brief, this study provided the depiction of community health risk perception toward
283  COVID-19 in South Korea, which tends to be higher in the period of local and international

284  events, along with women, certain age groups (<29, 35-39 and >50-years age group), and people
285 in the affected areas. Moreover, during the outbreak, people were more likely to access the

286 Internet through mobile devices, which are potential channels where health risk communication
287  can be disseminated effectively. This method demonstrated an easy and low-cost approach to
288  estimate health risk perception during the pandemic. Since providing a rapid risk perception

289  assessment is urgently needed in the early stage of an outbreak, combining Google and NAVER
290 RSV could be beneficial for targeting risk communication in terms of time, population

291 characteristics, and location. Google RSV alone only revealed the patterns according to time and
292  location (26). As online search queries might change over time, finding the best lagged time for

293  conducting risk communication would be challenging.

294  Conclusion

295 Community health risk perceptions toward COVID-19 outbreak in South Korea observed
296  from Google and NAVER RSV increased during local and international events, and were higher
297  in women, certain age groups as well as in affected areas. While NAVER RSV tends to be more
298  sensitive against local issues, integrating Google and NAVER RSV could potentially provide

299 varied patterns in terms of time, population characteristics, and location.
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400 Table 1. Time-lagged correlation coefficients between new COVID-19 cases, Google, and NAVER RSV related to coronavirus and coronavirus

401  testin South Korea.

-3 0.595 0.681 0.654 0.612 0.441
-2 N/A 0.505 0.65 0.687 0.673 0.581 0.445
-1 N/A 0.5 0.645 0.63 0.532 0.434
0 N/A 0.559 0.551 0.358
1 N/A 0.586 0.557 0.45

2 N/A 0.586 0.537 0.433
3 N/A 0.633 0.518 0.424

402 Note: All correlations are statistically significant at a p-value of <0.05. Shade text: high correlation with r>0.7. Text in italic: the highest correlation.
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404  Figure 1. Time series of new COVID-19 cases and number of tests in South Korea.
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406  Figure 2. Time series of new COVID-19 cases, number of tests, Google, and NAVER RSV related to

407  coronavirus in South Korea.
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409 Figure 3. Time series and time-lagged correlation coefficients between new COVID-19 cases and NAVER RSV related to coronavirus for mobile

410  and desktop searches in South Korea.
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413 Figure 4. The numbers of new COVID-19 cases and Google RSV in South Korea: (A) January 11, 2020 to January 19; (B) January 20, 2020 to
414 January 28, 2020; (C) January 29, 2020 to February 6, 2020; (D) February 7, 2020 to February 15 2020; (E) February 16, 2020 to February 24,

415  2020; (F) February 25, 2020 to March 4, 2020; (G) March 5, 2020 to March 13 2020; (H) March 14, 2020 to March 22 2020
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