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Heat stroke internet searches can
be a new heatwave health warning
surveillance indicator
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public health concern. However, Current heatwave warning systems suffer from a lack of validation and
an inability to provide accurate health risk warnings in a timely way. Here we conducted a correlation
and linear regression analysis to test the relationship between heat stroke internet searches and heat
stroke health outcomes in Shanghai, China, during the summer of 2013. We show that the resulting
heatstroke index captures much of the variation in heat stroke cases and deaths. The correlation
between heat stroke deaths, the search index and the incidence of heat stroke is higher than the
correlation with maximum temperature. This study highlights a fast and effective heatwave health

warning indicator with potential to be used throughout the world.

Over the last few decades, the impact of major heatwave shocks on population morbidity and mortality has
become an urgent public health concern®?. In the future, the frequency, intensity and duration of heatwaves is
likely to increase due to climate change®* and there is growing recognition of the risks associated with the warm-
ing climate and the need for effective measures to anticipate and avoid its most severe consequences. Reducing
the risk to health has been highlighted as a priority issue by the World Health Organization>®. However, a lack of
knowledge and preparation within the medical and healthcare systems for dealing with the effects of heatwaves is
evident in most countries around the world’. Current heatwave warning systems suffer from a lack of validation
and an inability to provide accurate health risk warnings in a timely way.

Surveillance during heatwave conditions is of critical public health concern, in order to determine whether the
heatwave is associated with an increase in mortality or morbidity so that appropriate public health actions can be
taken. However gathering epidemiological surveillance data using traditional methods is a labor-intensive process
involving large surveys, chart reviews, prospective studies as well as data extraction and processing from data-
bases. Current public health surveillance methods of heatwaves do not provide the information quickly enough to
detect the increased number of adverse health outcomes in time to respond” so its use is normally limited to retro-
spective analyses in order to better understand the relationship between heatwaves and health. As a result, effec-
tive surveillance systems for adverse health effects during heatwaves are very rare® despite the fact that prompt
surveillance information during a heatwave may be of great benefit to public health. Mortality data is widely used
in surveillance for heatwave health analysis, however there is a considerable time lag between hot conditions and
the reporting of deaths, which diminishes its usefulness in affecting health outcomes”. Furthermore, the mortal-
ity data represents the worst health outcome, which is not necessarily appropriate for use in characterizing more
general public health concerns during the heatwave period’.

Recently, syndromic surveillance data have been used in heatwave health surveillance, such as by monitoring
emergency department visits and calls to emergency or health services'®'2. Even though syndromic surveillance
is near real-time and forms a better representation of public health, it still does not reflect the heatwave related
public health risk rapidly enough for health services to take well-timed proactive measures such as implement-
ing a prevention plan and disseminating health warning information to ameliorate health risks'®. There are still
several reasons (such as delays in reporting from doctors, operational errors, old computer technology, etc.) that
delay the reporting of health surveillance information. Making improvements in any of these areas would involve
the expenditure of a large amount of human capital, administration costs and investment funds.
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Maximum Temperature 92 | 329 5.2 22.0 39.9
Searching Index 92 | 4504 | 3293 | 116.0 | 1165.0
Heat Stroke Cases 92 8.0 17.0 0 93.0
Heat Stroke Deaths 92 0.8 1.9 0 12.0

Table 1. Descriptive statistical analysis of data from June 1 to Aug 31, 2013, Shanghai.
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Figure 1. Time series plots of maximum temperature, heat stroke internet searching index, heat stroke
surveillance data in the summer of 2013, Shanghai.

In current heatwave health warning systems, the prediction of possible health effects is done by modeling the
relationship between temperature and health. Although this method is widely used in epidemiological studies, it
has some weaknesses. Controlling for multiple confounding factors is very challenging when predicting health
risks using temperature as an indicator'*. From previous epidemiological studies, heatwaves are associated with a
forward displacement of mortality known as the harvest effect. So far there is no method for accurately modeling
the harvest effect during a heatwave and it is very difficult to predict health outcomes in the presence of the har-
vest effect’. Furthermore, the availability of surveillance data on health outcomes is very rare in most countries.
Most of the temperature and health outcomes are studied using mortality data while few use morbidity data, but
the former is not well suited for representing general population health and it still leaves a high level of uncer-
tainty in health risk prediction during heatwaves. Nowadays, the increasing availability of datasets from sources
such as social media posts, search engine queries and other internet data have shown the potential for analyzing
patterns, trends and social phenomena in a variety of domains including finance!®'?, science'?, tourism'*?° and
health?!-?%. In this study, we conducted a correlation and linear regression analysis to test the relationship between
heat stroke internet searches and heat stroke health outcomes in Shanghai, China, during the summer of 2013. We
also developed and tested a new preliminary surveillance proxy during the heatwave period aimed at addressing
the shortcomings of current heatwave health warning surveillance.

Results

Our analysis is based upon 92 days of data from June 1 to August 31, 2013. The mean daily maximum tempera-
ture during this period was 32.9 °C, with a maximum temperature of 39.9°C. In China, a heatwave is defined as
three consecutive days in which the maximum temperature is at or above 35 °C?. There were 23 days in which
the temperature reached 35 °C, which led to four heatwaves, two of which lasted more than 10 days. The longest
heatwave continued for 15 days. There were on average 8.0 heat stroke cases and 0.8 heat stroke deaths per day
over the summer period. The maximum number of heat stroke cases in one day was 93 and the most deaths in one
day was 12. Table 1 shows that the mean daily heat stroke internet search index, as published by the Baidu search
engine was 450.4 and the maximum index was 1165.0. Figure 1 plots the temperature, internet search index,
number of cases of heat stroke and number of deaths from heat stroke for the summer period. It can be seen that
the heat stroke index captures the variation of heat stroke cases and deaths very well. Whereas, the maximum
temperature time series plots do not appear to correlate as well with heat stroke cases and deaths. Table S1 shows
this in quantitative terms in that the correlation between the number of heat stroke cases and the search index
was higher than the correlation between maximum temperature and heat stroke cases. Figure 2(a and b) show
that the search index, with an R? 0of 0.80, is a better predictor of heat stroke cases than the maximum temperature.
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Figure 2. plots of variables for the whole summer period and linear regression model for temperatures
above 35 °C. (a) Heat stroke cases ~ Maximum Temperature (same day); (b) Heat stroke cases ~ Searching
index (same day); (c) Heat stroke deaths ~ Maximum Temperature (lag 1 day); (d) Heat stroke deaths ~ Search
index (lag 1 day); (e) Heat stroke deaths ~ Heat stroke cases (lag 1 day). Red dots represent occasions when the
maximum temperature was >35 °C, and the red lines represent the linear regression line for those occasions.

Table S3 shows that the correlation between heat stroke cases and deaths with the search index was higher than its
correlation with maximum temperature during the overall study period.

The same day correlation was the highest for both the search index and maximum temperature. When only
using the data for which the maximum temperature is at or above 35°C, we observed higher values for the same
day correlation, in particular, the same day correlation between heat stroke cases and search index had a value of
0.89 (p < 0.01) (Table S2).

The lag 1 day correlation was highest among all the lag day variations. When only taking data where there
was a maximum temperature at or above 35 °C, the lag 1 day correlation values were larger, with a correlation
coeflicient of 0.81 (p < 0.01) for the heat stroke search index and 0.86 (p < 0.01) for heat stroke cases (Table S4).
Figure 2(c-e) show that the 1 day lagged search index and 1 day lagged heat stroke cases were both good indica-
tors for predicting the number of heat stroke deaths with an R? of 0.66 and 0.73 respectively.

Figure 3 shows the number of days for the delay of heat stroke case registration. The surveillance data we used
in Shanghai for this study is nearly real time, collecting the heat stroke cases directly from hospital and transferred
by website. However, only 5% of cases reported on the same day. Hence, it is very difficult to identify the heat wave
health epidemic rapidly using present surveillance data.

Discussion
Our study showed that the relationship between heat stroke internet searches and health outcomes is much higher
than that between temperature and health outcomes. The heat stroke internet searches had better predictive
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Figure 3. Reporting lag days of heat stroke case registration.

ability for health risk than temperature during the heatwave. The temperature and health epidemiological studies
show the lag effect of mortality, is in agreement with previous studies'>?. Our study also shows a significant cor-
relation between heat stroke cases and heat stroke deaths. This indicates that morbidity surveillance data could be
a good indicator for mortality during a heatwave. Hence, the identification and prevention of morbidity during a
heatwave can be expected to decrease the mortality rate.

A new method of syndromic surveillance has emerge which is known as web-based keyword search-
ing. This has been shown to be a feasible surveillance method for influenza, kidney stone disease, dengue and
other conditions. Heat stroke is a widely known effect of heatwaves and is associated with easily recognizable
heatwave related syndromic keywords in search engines. The consistency of both factors in our study is much
higher than in previous studies of other diseases and internet keyword searching®?-*°. Therefore, the heat stroke
internet search is well suited for use as a new heatwave surveillance health outcome proxy. In 2013, the internet
search based Google Flu Trends was predicting more than double the proportion of doctor visits for influenza like
illnesses than the Center for Disease Control and Prevention (CDC)*'. Lazer et al. explored the “big data hubris”
and algorithm dynamics that contributed to Google Flu Trends’ mistakes®'. The problem was mainly due to a mis-
match between number of searches, about 50 million, and the small volume of surveillance data of 1152 cases>!.
In our study, the number of searches is about 450 per day and the number of heat stroke cases and deaths is about
8 and 1 per day respectively. The search index is at most several hundred times the number of health outcomes,
which is much smaller than that of Google Flu Trends. Google Flu Trends also used an algorithm to capture the
dynamics of the cases®!. However, in our analysis, the search index value was directly compared with heat stroke
health outcomes, which capture the variation in cases and deaths very well. Therefore, heat stroke searches can be
expected to largely avoid the two issues that led to Google Flu Trends prediction errors. A recent study of Google
Flu Trends showed that using the aggregate frequency of selected queries as the only predictor could lead the pre-
diction errors®%. We also aggregated all queries about “heat stroke” in a single predictor, hence our indicator may
also be prone to similar errors. However, the purpose of this study is not to build a predictive model for heat wave
related health outcomes. We identify this potential weakness for further studies to address.

Recently the use of web based searching for disease identification has been gaining interest and mining the
web is a valuable new direction to quickly identify diseases and epidemics®*#*3. Our study is the first to show
that web based searching could be useful for predicting risks to health during heatwaves and provides a new
heatwave health warning system. This offers the prospect that stakeholders could recognize the heatwave health
epidemic in a timely and cost effective way, which could translate into a practical and rapid health protection
response.

It is however also important to note the limitations of this new syndromic surveillance tool. Demographic
information on users is not available. Therefore, it is not possible to identify the most vulnerable population
during the heatwave. In addition, the precise reason for users searching for terms is not clear. The keyword “heat
stroke” is not the only one that could be used and the effectiveness of alternative keywords will be investigated
in further research. There are also many confounding factors that could not be modeled. It is noteworthy that
publicity due to a health awareness campaign or items from the media can affect internet searches?. This could
be addressed using a web-based database to monitor news items, which could be used to adjust the model. In
Shanghai about 30% of people do not have access to the internet in 2013 and it is possible that this group
includes a disproportionate number of older people who are especially vulnerable to the effects of heatwaves.
This may be another source of uncertainty in using internet searches for heatwave surveillance data. As a result of
data limitations, we have only been able to test the internet searches during heatwaves in one location during one
summer period. Further testing of the relationship between “heat stroke” internet searches and health outcomes
during heatwaves in other locations in different heatwave periods is anticipated in the future.

Internet searches are easily accessible and economical, which could be of benefit for the early warning of
health risks and taking preventive measures during the heat wave period. A unique strength of internet searches
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is the immediacy of access to the data, which provides the basis for an alternative real-time health surveillance
system. Compared with traditional surveillance data, internet searches could be used for recognizing the onset
of epidemics more quickly and producing real-time health warnings during heatwaves. Heatwaves are a global
public health concern and will be more frequent and severe in a changing climate. However, health surveillance
during heatwaves and heatwave health warning systems are very rare around the world. Our study shows that heat
stroke internet searching could form a new tool for confronting the challenge of heatwaves worldwide. Nowadays,
with the rapid development of the internet, web searching will become more accurate and representative of the
whole population. It could be used in different areas, especially in regions with no health surveillance records.

Methods

The study period was June 1 to Aug 30, 2013. The data on heat stroke cases and deaths in Shanghai, China were
obtained from the heat stroke surveillance register of the Chinese Center for Disease Control and Prevention.
Temperature data for the Shanghai Xujiahui station was obtained from the Chinese Meteorological Data Sharing
Service System. Daily index values in web searches containing the key word “heat stroke” within Shanghai were
collected from the Baidu index website. “Heat stroke” corresponds to an exclusive technical term in Chinese,
which is “F' 8. We used the Chinese characters “F " as the key word to collect the corresponding Baidu index
values. The Baidu index reflects keyword search volume, which was developed by Baidu Inc. It uses the search
queries on Baidu web searches to calculate the Baidu index, and represents the search frequency of certain key-
words on Baidu web searches based on the actual searching behavior of its users®. In 2013, Baidu occupied more
than 80% of the Chinese search engine market, making it better suited than Google trends to model the search
behavior of the Chinese Population. In recent years, the Baidu index has been used to forecast infectious diseases,
tourist volumes, economic indicators etc.'®1*%7. Shanghai is one of the fastest developing cities in China, the num-
ber of internet users was 16.83 million with an internet penetration rate of 70.7% in 20133, Therefore, the Baidu
index provides a good representation of searching behavior in Shanghai. Correlation analysis and linear regres-
sion analysis were performed in this study using R 3.2.2.

References
1. Kovats, R. S. & Kristie, L. E. Heatwaves and public health in Europe. Eur. J. Public Health 16, 592-599 (2006).
2. Lowe, D, Ebi, K. L. & Forsberg, B. Heatwave Early Warning Systems and Adaptation Advice to Reduce Human Health Consequences
of Heatwaves. Int. J. Environ. Res. Public. Health 8, 4623-4648 (2011).
3. Haines, A., Kovats, R. S., Campbell-Lendrum, D. & Corvalan, C. Climate change and human health: impacts, vulnerability, and
mitigation. Lancet Lond. Engl. 367, 2101-2109 (2006).
4. Meehl, G. A. & Tebaldi, C. More intense, more frequent, and longer lasting heat waves in the 21st century. Science 305, 994-997
(2004).
5. Koppe, C. & Becker, P. Comparison of operational heat health warning systems in Europe. Prep. Response Heatwaves Eur. Evid.
Action Public Health Response Extreme Weather Events Cph. WHO Reg. Off. Eur. (2009).
6. Menne, B. & Matthies, F. (Eds) Improving public health responses to extreme weather/heat-waves - EuroHEAT. World Health
Organization (2009).
7. Ebi, K. L. & Schmier, J. K. A Stitch in Time: Improving Public Health Early Warning Systems for Extreme Weather Events. Epidemiol.
Rev. 27,115-121 (2005).
8. Willard, S. D. & Nguyen, M. M. Internet Search Trends Analysis Tools Can Provide Real-time Data on Kidney Stone Disease in the
United States. Urology 81, 37-42 (2013).
9. Nitschke, M., Tucker, G. R. & Bi, P. Morbidity and mortality during heatwaves in metropolitan Adelaide. Med. J. Aust. 187, 662-665
(2007).
10. Josseran, L. et al. Syndromic surveillance and heat wave morbidity: a pilot study based on emergency departments in France. BMC
Med. Inform. Decis. Mak. 9, 14 (2009).
11. Josseran, L. et al. Assessment of a Syndromic Surveillance System Based on Morbidity Data: Results from the Oscour® Network
during a Heat Wave. PLoS ONE 5, 11984 (2010).
12. Leonardi, G. S. et al. Syndromic surveillance use to detect the early effects of heat-waves: an analysis of NHS direct data in England.
Soz.- Priventivmedizin 51, 194-201 (2006).
13. Elliot, A. J. et al. Using real-time syndromic surveillance to assess the health impact of the 2013 heatwave in England. Environ. Res.
135, 31-36 (2014).
14. Anderson, G. B. & Bell, M. L. Heat waves in the United States: mortality risk during heat waves and effect modification by heat wave
characteristics in 43 U.S. communities. Environ. Health Perspect. 119, 210-218 (2011).
15. Rocklov, J. & Forsberg, B. The effect of temperature on mortality in Stockholm 1998-2003: a study of lag structures and heatwave
effects. Scand. J. Public Health 36, 516-523 (2008).
16. Zhang, W,, Shen, D., Zhang, Y. & Xiong, X. Open source information, investor attention, and asset pricing. Econ. Model. 33, 613-619
(2013).
17. Preis, T., Moat, H. S. & Stanley, H. E. Quantifying Trading Behavior in Financial Markets Using Google Trends. Sci. Rep. 3, 1684
(2013).
18. Shen, H.-W. & Barabasi, A.-L. Collective credit allocation in science. Proc. Natl. Acad. Sci. 111, 12325-12330 (2014).
19. Yang, X, Pan, B., Evans, J. A. & Lv, B. Forecasting Chinese tourist volume with search engine data. Tour. Manag. 46, 386-397 (2015).
20. Li, X., Wu, Q, Peng, G. & Lv, B. Tourism forecasting by search engine data with noise-processing. Afr. J. Bus. Manag. 10, 114-130
(2016).
21. Ginsberg, J. et al. Detecting influenza epidemics using search engine query data. Nature 457, 1012-1014 (2009).
22. Carneiro, H. A. & Mylonakis, E. Google Trends: A Web-Based Tool for Real-Time Surveillance of Disease Outbreaks. Clin. Infect.
Dis. 49, 1557-1564 (2009).
23. Seifter, A., Schwarzwalder, A., Geis, K. & Aucott, J. The utility of ‘Google Trends’ for epidemiological research: Lyme disease as an
example. Geospatial Health 4, 135-137 (2010).
24. Cho, S. et al. Correlation between National Influenza Surveillance Data and Google Trends in South Korea. PLoS ONE 8, 81422
(2013).
25. Weather in China, Severity of heatwaves in China, Available at: http://www.tianqi.com/news/15330.html. Date of access: 17/02/2016
(2013).
26. Lye, M. & Kamal, A. Effects of a heatwave on mortality-rates in elderly inpatients. Lancet Lond. Engl. 1, 529-531 (1977).
27. Wilson, K. & Brownstein, J. S. Early detection of disease outbreaks using the Internet. Can. Med. Assoc. J. 180, 829-831 (2009).

SCIENTIFIC REPORTS | 6:37294 | DOI: 10.1038/srep37294 5


http://www.tianqi.com/news/15330.html

www.nature.com/scientificreports/

28. Chan, E. H,, Sahai, V., Conrad, C. & Brownstein, J. S. Using Web Search Query Data to Monitor Dengue Epidemics: A New Model
for Neglected Tropical Disease Surveillance. PLoS Negl. Trop. Dis. 5, 1206 (2011).

29. Desai, R. et al. Norovirus Disease Surveillance Using Google Internet Query Share Data. Clin. Infect. Dis. 55, €75-e78 (2012).

30. Page, A., Chang, S.-S. & Gunnell, D. Surveillance of Australian Suicidal Behaviour Using the Internet? Aust. N. Z. J. Psychiatry 45,
1020-1022 (2011).

31. Lazer, D., Kennedy, R., King, G. & Vespignani, A. The parable of Google Flu: traps in big data analysis. Science 343 (2014).

32. Lampos, V., Miller, A. C,, Crossan, S. & Stefansen, C. Advances in nowcasting influenza-like illness rates using search query logs. Sci.
Rep. 5, 12760 (2015).

33. Ayers, ]. W,, Althouse, B. M., Allem, J. P, Rosenquist, J. N. & Ford, D. E. Seasonality in Seeking Mental Health Information on
Google. Am. . Prev. Med. 44, 520-525 (2013).

34. Yuan, P, Trend analysis of internet uses and its rate in Shanghai, in 2014, Available at: http://www.askci.com/chanye/2015/02/04/2122431226.
shtml. Date of access: 17/02/2016 (2015).

35. Baidu Inc., Baidu index, Available at: http://index.baidu.com/Helper/?tpl=help&word=#wmean. Date of access: 16/02/2016 (2016).

36. Pcpop.com, Baidu occupies 80% of the search engine market in China, Available at: http://net.chinabyte.com/148/12638648.shtml.
Date of access: 16/02/2016 (2013).

37. Liu, B., Wang, Z., Qi, X., Zhang, X. & Chen, H. Assessing cyber-user awareness of an emerging infectious disease: evidence from
human infections with avian influenza A H7N9 in Zhejiang, China. Int. J. Infect. Dis. 40, 34-36 (2015).

Acknowledgements

This research was funded by grants from National Natural Science Foundation of China (Grant: 21277135,
91543111), National High-level Talents Special Support Plan of China for Young Talents and Environmental
Health Development Project of Institute of Environmental Health and Related Product Safety, China CDC. The
funder of the study had no role in study design, data collection, data analysis, data interpretation or writing of
the report. The authors had full access to all the data in the study and had final responsibility for the decision to
submit for publication.

Author Contributions

T.L. and PX. set up the collaborative network and coordinated the work. T.L. designed the study, conducted the
statistical analysis and wrote the manuscript. ED. provided the cleaned heat stroke surveillance data. Q.S. and Y.Z.
conducted data cleaning. PK. contributed to the interpretation of the results.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Li, T. et al. Heat stroke internet searches can be a new heatwave health warning
surveillance indicator. Sci. Rep. 6, 37294; doi: 10.1038/srep37294 (2016).

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images
o o1 other third party material in this article are included in the article’s Creative Commons license,

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2016

SCIENTIFIC REPORTS | 6:37294 | DOI: 10.1038/srep37294 6


http://www.askci.com/chanye/2015/02/04/2122431226.shtml
http://www.askci.com/chanye/2015/02/04/2122431226.shtml
http://index.baidu.com/Helper/?tpl=help&word=#wmean
http://net.chinabyte.com/148/12638648.shtml
http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Heat stroke internet searches can be a new heatwave health warning surveillance indicator
	Introduction
	Results
	Discussion
	Methods
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Heat stroke internet searches can be a new heatwave health warning surveillance indicator
            
         
          
             
                srep ,  (2016). doi:10.1038/srep37294
            
         
          
             
                Tiantian Li
                Fan Ding
                Qinghua Sun
                Yi Zhang
                Patrick L. Kinney
            
         
          doi:10.1038/srep37294
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep37294
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep37294
            
         
      
       
          
          
          
             
                doi:10.1038/srep37294
            
         
          
             
                srep ,  (2016). doi:10.1038/srep37294
            
         
          
          
      
       
       
          True
      
   




