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s u m m a r y 

Background: Real-time surveillance of search behavior on the internet has achieved accessibility in mea- 

suring disease activity. In this study, we systematically assessed the associations between internet search 

trends of gastrointestinal (GI) symptom terms and daily newly confirmed COVID-19 cases at both global 

and regional levels. 

Methods: Relative search volumes (RSVs) of GI symptom terms were derived from internet search en- 

gines. Time-series analyses with autoregressive integrated moving average models were conducted to fit 

and forecast the RSV trends of each GI symptom term before and after the COVID-19 outbreak. General- 

ized additive models were used to quantify the effects of RSVs of GI symptom terms on the incidence of 

COVID-19. In addition, dose-response analyses were applied to estimate the shape of the associations. 

Results: The RSVs of GI symptom terms could be characterized by seasonal variation and a high corre- 

lation with symptoms of “fever” and “cough” at both global and regional levels; in particular, “diarrhea”

and “loss of taste” were abnormally increased during the outbreak period of COVID-19, with elevated 

point changes of 1.31 and 8 times, respectively. In addition, these symptom terms could effectively pre- 

dict a COVID-19 outbreak in advance, underlying the lag correlation at 12 and 5 days, respectively, and 

with mutual independence. The dose-response curves showed a consistent increase in daily COVID-19 

risk with increasing search volumes of “diarrhea” and “loss of taste”. 

Conclusion: This is the first and largest epidemiologic study that comprehensively revealed the advanced 

prediction of COVID-19 outbreaks at both global and regional levels via GI symptom indicators. 

© 2021 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 
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Coronavirus disease 2019 (COVID-19), caused by severe acute 

espiratory syndrome coronavirus 2 (SARS-CoV-2), has emerged as 

 public health crisis worldwide. In addition to the most common 
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aboratory of Cancer Biomarkers, Prevention and Treatment, Collaborative Innova- 

ion Center for Cancer Personalized Medicine, Nanjing Medical University, 101 Long- 

ian Avenue, Jiangning District, Nanjing 211166, China. 
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M. Du), mwang@njmu.edu.cn (M. Wang). 
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ymptoms such as cough and fever, 1 symptoms of the gastroin- 

estinal (GI) system, including nausea, vomiting, abdominal pain, 

iarrhea, anorexia, and loss of taste, are also of high incidence with 

idespread concern. 2–5 

The internet is an important channel for disseminating health 

nformation and has been proven useful in assessing various as- 

ects of human behavior. 6 One previous study successfully de- 

ected influenza epidemics by monitoring health-seeking behavior 

n the form of queries to online search engines. 7 Google Trends, 

 web-based surveillance tool for gathering search behavior on 

he internet, has been widely used to evaluate disease prevalence 

nd predict infectious disease pandemics. 8–10 The records of search 

erms on internet search engines from different countries and re- 
eserved. 

https://doi.org/10.1016/j.jinf.2021.11.003
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ions may have predictive effects on the local outbreak and spread 

f COVID-19. However, whether the search interests of GI symp- 

om terms on the internet could be associated with outbreaks of 

OVID-19 is still limited. 11 

In this epidemiologic study, we systematically analysed and 

orecasted the relative search volume (RSV) trends of GI symptom 

erms on internet search engines before and after the outbreak of 

OVID-19 over time and across geographical areas. We also evalu- 

ted the associations between RSVs of GI symptom terms and daily 

ewly confirmed COVID-19 cases at both global and regional lev- 

ls. These analyses would allow us to understand the data-driven 

ssociation and prediction of GI symptoms during the COVID-19 

utbreak. 

ethods 

ata retrieval and collection 

In this study, we chose four representative countries as research 

bjects (i.e., the United States, the United Kingdom, Australia, and 

hina) based on the population, geographic location, and internet 

opularity rate factors. Google is the most widely used web search 

ngine worldwide, while Baidu is the most population search en- 

ine in China. We applied Google Trends and Baidu Index, which 

ocumented the volumes of search terms at selected regions and 

ime periods, to scientifically review the RSV trends of GI symp- 

om terms, including “nausea”, “vomiting”, “abdominal pain”, “diar- 

hea”, “anorexia”, and “loss of taste”, as well as the two most com- 

on signs of “cough” and “fever”, which were defined as positive- 

ontrol COVID-19 symptom terms in this study. The RSVs for these 

erms of disease symptoms may be a quantitative index to reflect 

roup symptoms associated with COVID-19. A Google Trends value 

epresents the search interest assigned to the highest point rang- 

ng from 0 to 100. A value of 100 is the peak popularity of the

erm, while a value of 50 means that the term is half as popu-

ar. A Baidu Index value represents the weight of the search fre- 

uency of a search term. When analysing and comparing the cor- 

elations among RSVs of different search terms as well as the as- 

ociations between RSVs of search terms and COVID-19 outbreaks 

cross countries, the Baidu Index value was scaled on a range of 0 

o 100 the same as the Google Trends value for further combined 

nalysis. 

The daily newly confirmed COVID-19 cases at the global and re- 

ional levels spanning from January 1, 2020 to December 1, 2020 

ere obtained from the World Health Organization (WHO) COVID- 

9 Dashboard ( https://covid19.who.int/ ). We subjectively divided 

he period above into a COVID-19 outbreak period (January 1, 2020 

o May 31, 2020) and a pandemic period (June 1, 2020 to Decem- 

er 1, 2020). 

ime-series analyses 

rediction of the RSV trends of GI symptom terms 

Autoregressive integrated moving average (ARIMA) models were 

sed to assess the seasonal variations and model the RSV trends of 

andidate disease symptom terms worldwide before the COVID-19 

utbreak and subsequently to predict their trends as well as cal- 

ulate their abnormal changes caused by COVID-19. Model fitting 

nd selection are described in the Supplementary Methods . 

Weekly RSVs for candidate terms derived from Google Trends 

nd daily RSVs for candidate terms derived from the Baidu In- 

ex from December 1, 2015 to November 30, 2019 were used to 

onstruct ARIMA models, which were then applied to forecast the 

SVs of each symptom term during the COVID-19 epidemic by 

 standard time-series approach in separate analyses. The point 

hange of each symptom was calculated as the fold change (FC) by 
57 
omparing the actual value with the predicted value at the same 

ime point. 

ssociations between RSVs of GI symptoms and COVID-19 incidence 

The associations between RSVs of each symptom with daily 

OVID-19 incidence were assessed in separate analyses using a 

tandard time-series approach. The negative-binomial generalized 

dditive model (GAM) was used to evaluate the effects of RSVs of 

ach symptom term on COVID-19 risk. We used the search vol- 

mes for the terms of each symptom (i.e., RSVs) as the exposure 

f interest and daily confirmed COVID-19 cases as the outcome. To 

ontrol for potential confounding effects, the following covariates 

ere included in the model: (i) a natural cubic smooth function of 

alendar time with 7 degrees of freedom (df) to remove long-term 

nd seasonal trends; and (ii) an indicator variable for “day of the 

eek (DOW)” to account for short-term weekly variations. 

Herein, we used a single-symptom model to explore the effects 

f RSVs for each GI symptom term on the COVID-19 outbreak and 

andemic with different lag days (lag 0 to 28 days in 4 weeks). In 

ddition, to estimate the overall shape of the associations between 

SVs of GI symptom terms and COVID-19 incidence at the global or 

egional level, we plotted the dose-response curves by using a 3df 

or the smoothing function in a single-symptom model. The effects 

f RSVs for disease symptoms on daily newly confirmed COVID- 

9 cases are shown as the relative risks (RRs) and 95% confidence 

ntervals (CIs). 

tatistical analysis 

Spearman’s correlation analysis was applied to investigate the 

ssociations between RSVs of different sym ptom terms. Three- to 

ight-knot restricted cubic spline (RCS) models were used to em- 

irically assess the shape of the curve representing newly con- 

rmed COVID-19 cases over time. All statistical analyses were con- 

ucted with R software (version 4.0.0). All tests were two-sided, 

nd P < 0.05 was considered as statistical significance. 

esults 

ime-series characteristics of GI symptom terms during COVID-19 

eriods 

As shown in Fig. 1 , spanning from December 1, 2015 to Novem- 

er 30, 2019, the RSVs for the terms “fever”, “cough”, “diarrhea”, 

nd “vomiting” visually presented persistent seasonal variations, 

nd the peak search occurred during the winter season. Subse- 

uently, four symptom terms (i.e., “fever”, “cough”, “diarrhea”, and 

loss of taste”) were sharply and abnormally elevated after Decem- 

er 1, 2019, which might be attributed to the COVID-19 outbreak. 

hese characteristics were also observed across four representative 

ountries of the United States, the United Kingdom, Australia, and 

hina (Supplementary Fig. 1) . 

The ARIMA model was then applied to quantify and forecast 

he abnormally increased RSVs of different symptom terms span- 

ing the COVID-19 outbreak and pandemic periods. As positive- 

ontrol symptoms, the RSVs of “fever” and “cough” were 2.31 (95% 

I = 2.07–2.62) and 2.60 (95% CI = 2.33–2.95) times higher than 

he predictive values on March 15, 2020, respectively ( Table 1 , 

ig. 2 ) . Similar findings were observed in three GI symptoms in 

hich the RSVs of “diarrhea” (FC = 1.31, 95% CI = 1.22–1.42) and 

loss of taste” (FC = 8) were also significantly higher than their 

redicted values around March 15, 2020 ( Table 1 , Fig. 2 ) , even

hough “loss of taste” lacked time trends. In contrast, the peak of 

abdominal pain” was beyond the COVID-19 outbreak, and “vom- 

ting”, “nausea”, and “anorexia” did not show significant increases 

 Table 1 ) . 

https://covid19.who.int/
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Fig. 1. The RSV trends of symptom terms on Google Trends from December 1, 2015 to December 1, 2020 at the global level. The x-axis represents the time period from 

December 1, 2015 to December 1, 2020, while the y-axis represents the RSVs of various symptom terms. Google Trends provides weekly search data for the time intervals. 

Each disease symptom is coloured differently. Abbreviations: RSV, relative search volume. 

Table 1 

Parameters and predicted results of the ARIMA model for the RSV trends of symptom terms of interest worldwide. 

Symptom terms MAPE Date a Predicted RSVs (95% CI) b Actual RSVs Point change (FC, 95% CI) c ARIMA model 

Fever 2.58 Mar 15, 2020 43.20 (38.16–48.24) 100 2.31 (2.07–2.62) ARIMA (2, 0, 0) 

Cough 2.42 Mar 15, 2020 30.75 (27.14–34.37) 80 2.60 (2.33–2.95) ARIMA (1, 1, 2) 

Nausea 2.87 Dec 29, 2019 13.90 (12.58–15.23) 14 1.01 (0.92–1.11) ARIMA (2, 1 , 2) 

Vomiting 2.90 Dec 29, 2019 10.04 (9.12–10.96) 10 1.00 (0.91–1.10) ARIMA (2, 1 , 1) 

Abdominal pain 4.05 Sep 20, 2020 5.14 (4.27–6.00) 6 1.12 (1.00–1.41) ARIMA (1, 1 , 1) 

Diarrhea 2.32 Mar 15, 2020 21.31 (19.70–22.92) 27 1.31 (1.22–1.42) ARIMA (1, 1 , 1) 

Anorexia 6.15 Oct 4, 2020 3.46 (1.76–5.17) 5 1.44 (0.97–2.84) ARIMA (0, 1, 2) 

Loss of taste d / Mar 22, 2020 0.50 4 8 / 

Abbreviations: RSV, relative search volume; MAPE, mean absolute percentage error; CI, confidence interval; FC, fold change. 

The period of the training set was from December 1, 2015 to November 30, 2019 and the period of the testing set was from December 1, 2019 to 

December 1, 2020. 
a This date corresponds to the highest RSV of each symptom term on Google Trends for the testing set. 
b The predicted RSV of each symptom term was forecasted by the ARIMA model. 
c The point change of each symptom term was calculated by comparing the actual value with the predicted value at the same point in time. 
d The analysis of loss of taste was not suitable for the ARIMA model because this search volume had no fluctuation during the training set period. 

T

t

“

r  

d

t  

2

w

g

t

a

C

A

d

F  

o

t  

p  

i

d

s

d

t

d

C

fi

(

S

m

c

G

C

p

f  

c  

n

g  

“

“  

d

fi

r

s

C

f  

p

d

w

he correlations among RSVs of different GI symptom terms 

During the outbreak period (January 1, 2020 to May 31, 2020) at 

he global level, positive correlations were mainly observed among 

fever”, “cough”, “vomiting”, “diarrhea”, and “nausea” (Spearman 

 > 0.3, P < 0.05; Fig. 3 A ). However, these correlations were

istinctly attenuated during the pandemic period (June 1, 2020 

o December 1, 2020; Fig. 3 B ) and the whole period (January 1,

020 to December 1, 2020); Fig. 3 C ). Similar correlation patterns 

ere observed at the country level (Supplementary Fig. 2) , re- 

ardless of certain differences. These results collectively revealed 

hat GI symptoms of diarrhea and loss of taste, along with fever 

nd cough, serve as important and common clinical symptoms of 

OVID-19 patients. 

ssociations between RSVs of GI symptoms and COVID-19 outbreak 

The distribution of disease symptoms of interest (RSVs) and the 

aily newly confirmed COVID-19 cases worldwide are shown in 

ig. 4 . Six- and five-knot RCS models were used to fit the shape

f the curve representing newly confirmed COVID-19 cases during 

he outbreak period (January 1, 2020 to May 31, 2020; Fig. 4 A ) and

andemic period (June 1, 2020 to December 1, 2020; Fig. 4 B ). Dur-

ng the outbreak period, newly confirmed cases rapidly increased 

aily worldwide starting in early January and achieved a relatively 

table peak on April 4, 2020, which was an approximately 20-day 

elay after the peak of abnormal clinical symptom terms of in- 

erest (March 15, 2020; Fig. 4 A ). Intriguingly, this predicted time 
58 
elay was consistent with the well-accepted incubation period for 

OVID-19. 12 In contrast, although the daily number of newly con- 

rmed cases continued to increase during the pandemic period 

 Fig. 4 B ), the RSVs of clinical symptom terms remained smooth. 

imilar distributions were observed at the country level (Supple- 

entary Fig. 3) . 

To estimate the feasibility of an internet search term as an indi- 

ator for a disease outbreak, we initially utilized a single-symptom 

AM to assess the prediction effect of disease symptoms on the 

OVID-19 outbreak with a single lag day within 4 weeks. The two 

ositive-control symptom terms had the strongest prediction ef- 

ects (fever: RR = 1.03, 95% CI = 1.02–1.05; P = 2.83 × 10 −6 ;

ough: RR = 1.03, 95% CI = 1.01–1.04; P = 2.30 × 10 −4 ) on daily

ewly confirmed COVID-19 cases on lag 9 and lag 12 days at the 

lobal level, respectively ( Table 2 , Fig. 5 ) . In terms of GI symptoms,

diarrhea” (RR = 1.11, 95% CI = 1.03–1.20; P = 6.51 × 10 −3 ) and 

loss of taste” (RR = 1.30, 95% CI = 1.05–1.61; P = 1.59 × 10 −2 )

isplayed the highest correlation with increased daily newly con- 

rmed COVID-19 cases on lags 12 and 5 days at the global level, 

espectively ( Table 2 , Fig. 5 ) . Meanwhile, clinical symptoms pre- 

ented similar lag correlation patterns with daily newly confirmed 

OVID-19 cases at the country level but were accompanied by dif- 

erent lag days across countries ( Table 2 , Fig. 5 ) . In addition, the

rediction effect of the lag day pattern was consistently attenuated 

uring the COVID-19 pandemic period (Supplementary Fig. 4) . 

Considering that the RSVs for the terms “fever” and “cough” as 

ell as GI symptoms including “diarrhea” and “loss of taste” were 
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Fig. 2. Fitting and predicting the RSV trends of GI symptom terms with the ARIMA model on Google Trends at the global level. Weekly search data of disease symptom 

terms from December 1, 2015 to November 30, 2019 were used to construct the ARIMA models, which were used to predict weekly RSV trends of each symptom term 

from December 1, 2019 to December 1, 2020. The RSV trends of “fever” and “cough” were seated as positive-control symptom terms. The ARIMA model was used to fit and 

forecast the RSV trends of GI symptom terms. Abbreviations: RSV, relative search volume; ARIMA, autoregressive integrated moving average. 

Fig. 3. Spearman’s correlation coefficients among RSVs of symptom terms at the global level. (A) Spearman’s correlation during the COVID-19 outbreak period from January 

1, 2020 to May 31, 2020 at the global level; (B) Spearman’s correlation during the COVID-19 pandemic period from June 1, 2020 to December 1, 2020 at the global level; 

(C) Spearman’s correlation during the COVID-19 epidemic period from January 1, 2020 to December 1, 2020 at the global level. ∗ Spearman r > 0.3, P < 0.05. The dark blue 

colours represent strong positive correlations (close to 1), and the dark red colours represent strong inverse correlations (close to −1). Light/white represents an absence of 

correlation (close to 0). Abbreviations: RSV, relative search volume. 

59 
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Fig. 4. Time-series trends of RSVs of symptom terms and daily newly confirmed COVID-19 cases at the global level. (A) Time-series plot from January 1, 2020 to May 31, 

2020 of the COVID-19 outbreak period. (B) Time-series plot from June 1, 2020 to December 1, 2020 of the COVID-19 pandemic period. The x-axis indicates the time span. 

Time-series plot presenting both RSV trends of symptom terms of interest (left y-axis) and daily newly confirmed COVID-19 cases at the global level (right y-axis). Google 

Trends provides daily data of RSV assigned to each symptom term. RSVs of each symptom term were obtained from Google Trends, and newly diagnosed COVID-19 cases 

were obtained from the WHO COVID-19 Dashboard. Each disease symptom and region are coloured and shaped differently. The dashed line represents the trend of diagnosed 

cases over time calculated by RCS models, and the shadow represents the 95% CIs of the calculated values. Abbreviations: RSV, relative search volume; WHO, World Health 

Organization; RCS, restricted cubic spline; CI, confidence interval. 

p

w

t

s

C

m

U

d

F

D

C

d

o

g

n

c

t

t

F

D

o

n

c

t

o

s

t

a

d

w

l

ositively and significantly associated with the COVID-19 outbreak, 

e then assessed the ability of different GI sym ptoms to predict 

he outbreak of COVID-19. At the global level, the RSVs for the GI 

ymptom terms combined with “fever” and “cough” could predict 

OVID-19 outbreaks approximately 1–18 days in advance (Supple- 

entary Fig. 5) . At the country level, the predictive ability in the 

nited States, United Kingdom, Australia, and China was up to 19 

ays, 13 days, 20 days, and 21 days, respectively (Supplementary 

ig. 5) . 

ose-response associations between RSVs of GI symptoms and 

OVID-19 risk 

Moreover, there were significant dose-response associations of 

aily RSVs for GI symptom terms including “diarrhea” and “loss 

f taste” with COVID-19 risk at the strongest effect lag days at the 

lobal level ( Fig. 6 ) . The “diarrhea” curves showed an increase with 

o discernible thresholds . However, the slopes of the “loss of taste”

urves were steeper at RSVs lower than one, but seemed to flat- 
60 
en at high ranges. In addition, positive associations were still de- 

ectable in country-specific dose-response curves (Supplementary 

ig. 6) . 

iscussion 

We comprehensively analysed the RSVs of GI symptom terms 

n internet search engines using time-series analysis and found ab- 

ormal trends during the COVID-19 epidemic. Data on daily newly 

onfirmed COVID-19 cases were obtained to analyze the associa- 

ions between the RSVs of GI symptom terms and the COVID-19 

utbreak and pandemic at both global and regional levels. This 

tudy also quantitatively evaluated the ability of RSVs of GI symp- 

om terms to predict the COVID-19 outbreak. 

In the early stage of the COVID-19 outbreak, its epidemiological 

nd pathological features were not fully understood; thus, it was 

ifficult to take effective measures to stop its outbreak and spread, 

hich ultimately caused a global public health crisis with mil- 

ions of fatalities. However, early detection of unknown infectious 
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Fig. 5. The estimated effects of RSVs of GI symptom terms on COVID-19 incidence with a single-symptom model during the COVID-19 outbreak period. Estimated RRs 

and 95% CIs of daily newly confirmed COVID-19 cases for one search volume increase of symptom terms on internet search engines, with different lag days in the single- 

symptom model during the COVID-19 outbreak period from January 1, 2020 to May 31, 2020 at the global and country levels. Abbreviations: RSV, relative search volume; GI, 

gastrointestinal; RR, relative risk; CI, confidence interval. 

Fig. 6. Dose-response curves between RSVs of GI symptom terms (lag days with the strongest effects) and daily COVID-19 risk at the global level during the COVID-19 

outbreak period. The x-axis represents RSVs of GI symptom terms. The y-axis can be interpreted as the relative risk from the one RSV of GI symptom terms increase on 

COVID-19 incidence. Abbreviations: RSV, relative search volume; GI, gastrointestinal. 
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Table 2 

The effects of RSVs of GI symptom terms on COVID-19 incidence during the COVID-19 outbreak 

from January 1, 2020 to May 31, 2020. 

Region Symptoms Lag days a RR (95% CI) P value b 

Global level Fever 9 1.03 (1.02–1.05) 2.83 × 10 −6 

Cough 12 1.03 (1.01–1.04) 2.30 × 10 −4 

Diarrhea 12 1.11 (1.03–1.20) 6.51 × 10 −3 

Loss of taste 5 1.30 (1.05–1.61) 1.59 × 10 −2 

The United States Fever 5 1.06 (1.04–1.07) 2.44 × 10 −14 

Cough 8 1.08 (1.06–1.10) 2.30 × 10 −13 

Diarrhea 6 1.24 (1.17–1.32) 7.79 × 10 −13 

Loss of taste 0 1.67 (1.33–2.10) 8.30 × 10 −6 

The United Kingdom Fever 3 1.05 (1.02–1.07) 1.51 × 10 −4 

Cough 0 1.03 (1.01–1.04) 4.07 × 10 −5 

Loss of taste 0 1.16 (1.03–1.31) 1.54 × 10 −2 

Australia Fever 5 1.07 (1.05–1.08) 6.15 × 10 −23 

Cough 3 1.08 (1.06–1.10) 3.13 × 10 −21 

China Fever 4 1.09 (1.08–1.11) 5.20 × 10 −27 

Cough 0 1.09 (1.08–1.11) 1.74 × 10 −27 

Abdominal pain 0 1.42 (1.14–1.76) 1.66 × 10 −3 

Diarrhea 0 1.08 (1.06–1.09) 8.91 × 10 −33 

Abbreviations: RSV, relative search volume; RR, relative ratio; CI, confidence interval. 

Note: The effect estimates are presented as the RRs and related 95% CIs in daily newly confirmed 

COVID-19 cases per search volume increase of GI symptoms. 
a The lag day with the strongest effect. 
b A P value of less than 0.05 was considered to be statistically significant for the effects. 
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isease activity before large-scale human-to-human transmission 

ill be of great significance to the prevention and control of epi- 

emics. Web-based epidemiology, which mainly focuses on scan- 

ing the internet for user-contributed health-related content, has 

een used to surveil and predict infectious disease outbreaks, in- 

luding influenza, Middle East Respiratory Syndrome (MERS), and 

ika virus. 13–15 

Here we present a method of analysing large numbers of inter- 

et search queries about GI symptom terms to track the COVID- 

9 outbreak in a population. Clinically, COVID-19 patients present 

I symptoms accompanied by symptoms typical of other types 

f pneumonia, such as fever and cough. 16 , 17 Moreover, up to 28% 

f those with GI symptoms do not have respiratory symptoms 4 . 

herefore, GI symptoms are important indicators of SARS-COV- 

 infection in susceptible populations. Symptomatic cases usually 

nitially use internet search engines, such as Google or popular 

earch engines in respective countries, to evaluate whether their 

ymptoms are related to COVID-19 prior to contacting physicians. 

oogle Trends and Baidu Index analyses have been widely used 

o evaluate disease prevalence and predict infectious disease pan- 

emics. 8–10 , 18 

By accurately fitting the RSV trends of GI symptom terms on 

he internet search engines with the ARIMA model in the past 5 

ears, we observed that the trends of “diarrhea” and “loss of taste”

ormed consistent peaks rapidly after December 2019, indicating 

hat RSVs abnormally increased during the COVID-19 epidemic 

orldwide. However, these abnormally increased peaks were only 

bserved in the early stage of the COVID-19 outbreak period but 

ere not continuously observed during the pandemic period. A 

ossible explanation is that during the outbreak period, poten- 

ially susceptible individuals searched for symptoms on the inter- 

et, as they did not fully understand the disease. However, with 

he spread of media information, the public has generally under- 

tood the characteristics of COVID-19 infection, and related symp- 

om term searches declined during the pandemic period. The cor- 

elation analyses among abnormally searched symptom terms dur- 

ng the COVID-19 epidemic revealed that the RSV trends of “diar- 

hea” were highly correlated with the positive symptoms of “fever”

nd “cough”. However, “loss of taste” seems to be an independent 

ymptom, which may suggest that some studies that some infected 

ndividuals present anosmia in the absence of other symptoms. 19 , 20 
62 
We found that the abnormal increases in RSVs for positive- 

ontrol symptom terms, including “fever” and “cough”, as well as 

I symptom terms, including “diarrhea” and “loss of taste”, were 

ignificantly associated with the increase in daily newly confirmed 

OVID-19 cases worldwide. Specifically, these associations had sig- 

ificant symptom heterogeneity across four representative coun- 

ries with different lag correlation patterns. Despite these interest- 

ng associations, the differences in effective symptoms and lag days 

cross diverse regions remain difficult to explain, which may be at- 

ributed to the population density, ecological factors, testing avail- 

bility, or racial differences of symptoms in different countries. 21 , 22 

Traditional surveillance systems such as the US Centers for Dis- 

ase Control and Prevention publish national and regional data 

hat typically lag behind real-time by 1–2 weeks. 23 These data 

ave no predictive value for the outbreak of infectious diseases. 

he lag correlation patterns represent different predictable values 

f GI symptoms for the COVID-19 outbreak. Specifically, in our 

tudy, the RSVs of GI symptom terms preceded the outbreak of 

OVID-19 by about 1–3 weeks, which was slightly longer than the 

–2 week lag time observed in influenza. 7 In addition, the dose- 

esponse curves between RSVs of GI symptom terms and COVID- 

9 risk showed a consistent increase at the global level but had 

ountry-specific curves of different GI symptom terms. Setting RSV 

hresholds of different symptom terms according to these dose- 

esponse results can provide a risk assessment for future COVID-19 

utbreaks. 

In the context of the COVID-19 outbreak and pandemic, our 

tudy emphasizes the powerful advantages of epidemiology based 

n internet search engine data in the prevention and control of 

nfectious diseases, such as: (1) internet monitoring and big data 

nalysis of unknown infectious diseases can obtain real-time epi- 

emiological data without delay; (2) it can predict the outbreak 

f infectious diseases in advance compared with traditional case 

eporting systems; (3) data from the internet can be obtained for 

ree; (4) there is no need for large-scale personnel screening or 

aboratory testing, avoiding the spread of infectious disease; it can 

ccurately analyze the time, season, and geographical features of 

nfectious disease. 

However, several limitations also exist in this study. First, our 

esearch methods are applicable only to countries or regions where 

he internet is popular and not to underdeveloped areas without 
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he internet. Second, in-country transmission heterogeneities were 

ot captured, as we mainly focused on global and country level 

ffects. As the geographic accuracy of internet records improves, 

 similar analysis should be performed at smaller scales. Third, 

etailed information about data processing methods and the user 

haracteristics of search engines are unknown, which may intro- 

uce selection bias. 

onclusions 

Our global and regional time-series study comprehensively un- 

overs the association of RSVs of GI symptom terms with daily 

ewly confirmed COVID-19 cases. Strikingly, GI symptoms, includ- 

ng diarrhea and loss of taste, would be good indicators for surveil- 

ance of SARS-CoV-2 infection and helpful for the early prediction 

f COVID-19 outbreaks for up to three weeks. Real-time monitoring 

f the RSV trends of disease symptom terms on internet search en- 

ines and fitting disease prediction models will help policy-makers 

o make rapid and accurate risk assessments and strategic health 

are resource allocation before disease outbreaks. The prediction 

odels can be generalized to broader countries and diseases with 

he widespread global usage of internet search engines. 
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