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Abstract

Background
The impact of heatwaves on the health of the population is captured through real-time syndromic

healthcare surveillance systems monitored daily in England during the summer months. Internet
search data could potentially provide improved timeliness and help to assess the wider population
health impact of heat by capturing a population sub-group who are symptomatic but do not seek
healthcare.

Methods

A retrospective observational study was carried out from June 2013 to September 2017 in England
to compare trends in validated syndromic surveillance heat-related morbidity indicators against
symptom-based heatwave-related Google search terms. Spearman correlation coefficients were
calculated and lag assessment was carried out to determine timeliness.

Results

Daily increases in frequency in Google search terms during heatwave events correlated well with
validated syndromic indicators. Correlation coefficients between search term frequency and
syndromic indicators from 2013-17 were highest with the telehealth service NHS 111 (range of 0.684
to 0.900 by search term). Lag analysis revealed a similar timeliness between the data sources,
suggesting Google data did not provide a delayed or earlier signal.

Conclusion

This preliminary work highlights the potential benefits for countries which lack established public
health surveillance systems and the use of internet search data to assess the wider population
health impact of exposure to heat.

What is already known?
Real-time syndromic surveillance systems based on healthcare utilisation data are in operation in a
number of countries and have been validated for monitoring the health impact of heatwaves.

The utility of online user-generated content such as internet search queries in surveillance of
infectious and non-infectious diseases has been explored but there has been limited investigation
into the use for monitoring the health impact of heatwaves.

What does this paper add to the literature?

In England, Google search term frequency for heat-related morbidity demonstrated very good
correlation with comparable validated indicators across a suite of established daily syndromic
surveillance systems when assessment was limited to the heatwave period.

These findings have important implications for countries where there are no such healthcare-based
syndromic surveillance systems in place as monitoring search term frequency may provide a low-
cost option for monitoring heat-related morbidity, and provides a potential opportunity to
determine the health impact on a wider population.
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BACKGROUND

Heatwaves can significantly impact on the health of the population. The highest vulnerability is
typically seen in the elderly, children, and individuals with pre-existing medical conditions[1,2],
although all age groups may be affected, particularly in hot countries where people are working
outdoors without adequate protection[3] or cannot seek shelter (e.g. homeless[4]).

The Heatwave Plan for England was launched in 2004[5] in response to the 2003 European heatwave
which resulted in an estimated 70,000 deaths across Europe[6]. As part of this Plan, from 1* June to
15" September each year, Public Health England (PHE) routinely monitors heat-related morbidity
across a suite of syndromic surveillance systems daily[7,8]. Indicators monitored within these
systems in England have been demonstrated to provide a sensitive measurement of the health
impact of heat[9,10] and information can facilitate optimal public health response during the
heatwave through informing appropriate messaging[11,12].

The utility of novel data sources in health surveillance such as social media and internet search
queries is gaining increasing interest[13]. The potential advantages of online user-generated content
include the provision of more timely information and identification of illness in symptomatic
individuals, including those who do not seek healthcare. For data sources such as Google Trends[14],
this comes at a minimal cost and may therefore be useful in countries with sufficient internet
coverage without an established public health surveillance infrastructure. However, there are
notable limitations with these data sources, including uncertainty of the underlying reason for an
individual searching and of their characteristics.

The utility of internet search data to monitor heat-related morbidity was demonstrated in
Shanghai[15], with strong correlation between heat stroke internet searches and heatstroke deaths
and hospitalised cases. However, availability of health outcome data was not as timely as in England
and it is not known how internet search data for heat-related illness compares to outputs from real-
time syndromic surveillance systems. During 2017 in England, there was a Level 2 heatwave alert
issued (defined as a risk of reaching high temperatures) from 15 - 21° June, with areas reaching high
temperatures (a Level 3 heatwave alert) across most of the country from 17-20" June[16]. This short
report outlines the findings from a retrospective observational study comparing trends in heat-
related syndromic surveillance indicators with heatwave-related internet search terms during 2017
and for previous heatwaves.
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METHODS

Data

Daily data for heat impact indicators[9] was accessed from the four national PHE syndromic
surveillance systems; NHS 111 (a telehealth service), an in-hours general practitioner (GP) system
(GPIH), an out of hours GP system (GPOOH), and a sentinel emergency department (ED) surveillance
system[8].

Google search volume data was available from the Google Health Trends Application Programming
Interface (API), a tool to explore Google search data (like the publicly available Google Trends
website). Data is taken from a daily updated uniformly distributed random sample of 10-15% of
Google web searches. Daily probabilities are defined as the probability of searching for a specified
term on a given day in England, multiplied by ten million to be human readable. Relevant search
terms (Appendix 1) were identified through the following process:

1. Descriptions of clinical codes underlying the heat syndromic indicators (e.g. heatstroke) were
collated and synthesised into a list of code terms.

2. Each code term was entered into Google Trends and related internet search terms retained if also
searched for at least half as often[14] to identify further terms used (e.g. individuals searching for
heatstroke also searching for sunstroke) and associated terms (e.g. symptoms).

3. Where variations of the search terms were used (e.g. heatstroke, heat stroke), there was generally
one that had a larger search probability and this was retained in the final list of terms.

Daily data for the final Google search terms and heat-related syndromic indicators were extracted
from 01/06/2013 — 15/09/2017.

Analysis

Time series plots of heat-related syndromic indicators and Google search data were produced to
visually compare patterns from 2013 to 2017 using daily data and seven day moving averages to
minimise the impact of day of the week effects[17]. Correlation was quantified through Spearman
correlation coefficients as the data was not normally distributed. This comparison was also
separately done for 2017 from 08/06/2017 — 27/06/2017 to focus on the known heatwave event,
encompassing one week either side of the official heatwave alerts. Lagged time series plots were
produced for the 2017 heatwave to assess when the two datasets best correlated. The Google time
series was shifted forwards or backwards in time up to ten days to determine if search activity was
leading or lagging syndromic data respectively. In line with Google data availability, analysis was
restricted to national level.

RESULTS

The key Google search terms identified were heat exhaustion, prickly heat, heat rash, heat stroke,
heatwave, sunstroke and sunburn. Each of the search terms showed an increase in frequency during
periods of hot weather in each summer, with the largest increase seen in 2013 and 2017,
corresponding with longer heatwave periods (Figure 1, Supplementary Figure 1). In 2017, the most
frequently searched term out of this list was sunburn (peak probability 18/06/2017), followed by
heatwave (18/06/2017), heat stroke (19/06/2017), heat rash (20/06/2017), sunstroke (18/06/2017),
prickly heat (19/06/2017) and heat exhaustion (19/06/2017). These increases coincided with
heatwave alerts (Supplementary Table 1).

There was a positive correlation observed between daily Google and syndromic data (Figure 1).
Correlation coefficients between search term frequency and syndromic indicators from 2013-17 for
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the different systems demonstrated the highest correlation with NHS 111 (range of 0.684 to 0.900
by search term) and the lowest with GPIH (0.410 to 0.526, Table 1). When focusing on the June 2017
heatwave event, correlation coefficients increased and were all statistically significant except for
GPIH daily data which was only significantly correlated with heatwave.

Lag analysis demonstrated maximal correlation between Google and syndromic data within two days
of each other across search terms (Table 1). By surveillance system, for most search terms GPIH was
preceded by Google data by a day or two. There was no consistent pattern by search term.

DISCUSSION

Rapidly detecting the health impact of heatwaves is of increasing importance with the implications
of climate change and predicted increases in temperature likely leading to more frequent severe
heatwaves[18]. To the best of our knowledge, this is the first study to look at daily Google heat-
related search term frequency and compare these to established syndromic surveillance indicators.
The increases in frequency across search terms in England during heatwave periods from 2013-2017
correlated well with NHS 111’s heat-related morbidity indicator and correlations improved for other
syndromic surveillance systems when focusing on the 2017 heatwave event.

Limitations of Google search data include the representativeness of internet users (e.g. lower use in
the elderly), the inability to look at subnational data to correspond to regional heatwave alerts and
uncertainty around who is searching and the intention behind the search, with the possibility of
media-driven searches. It may not therefore be as indicative of poor health as existing syndromic
data sources which have subnational data and information on the person characteristics (e.g. age).
However, by selecting symptom-based terms, a consistent increase seen across search terms and
correlation with syndromic indicators suggests people were searching for information because of a
health complaint for themselves or someone else. Furthermore, associated search terms identified
in Google Trends were signs, symptoms and treatment for all queries except for heatwave where
they were UK and weather, suggesting the term was used to search for information about the event.
Exploratory qualitative research with a representative sample of Google users will help to determine
the reasoning behind searching for such terms and validate if because of a health complaint.

Lag analysis revealed a similar timeliness by day between Google and syndromic datasets during the
June 2017 heatwave, suggesting Google data did not provide a delayed or earlier signal relative to
syndromic data. The exception to this was GPIH where Google data provided a slightly earlier signal
of one or two days. This may be explained by the unavailability of routine GP services during
weekends leading to a delay in patients consulting, with the peak of the June 2017 heatwave
occurring at a weekend.

These findings have highlighted two key potential benefits. Firstly, Google-based syndromic
surveillance will be of interest to countries lacking established public health surveillance systems
able to monitor the near real-time health impact of heat but could access freely available Google
data. Secondly, this could contribute to assessing the wider population health impact of exposure to
heat. Indicators monitored through syndromic surveillance systems, in conjunction with excess
mortality surveillance[19], are focussed on outcomes severe enough to require healthcare to rapidly
determine if the impact of a heatwave is more severe than expected. Monitoring internet search
query frequency could complement existing surveillance by supporting estimation of the proportion
of the population whose health may be affected but may not present to healthcare. Further work is
required to fully develop a more specific validated search term list using natural language processing
methods[20] and to use these outputs to estimate the proportion.
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This forms part of a wider programme of work being carried out by PHE to assess the utility of
Google search data for the surveillance of a range of health outcomes in the context of existing
syndromic surveillance. It demonstrates the potential utility in England to contribute to existing heat
health surveillance systems, with further work needed to validate the findings.
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Figure 1. Daily (pale blue) and seven day moving average (dark blue) probabilities’ searching for a
heat-related term” in Google and syndromic surveillance heat-related health indicators, England,
2013-2017°

1Dai/y probability is defined as searching for a specified term on a given day in England, multiplied by ten
million

Heat exhaustion or heat rash or heat stroke or heatwave or prickly heat or sunburn or sunstroke

10 3NHS 111 data was only available from September 2013 onwards. Periods with heatwave alerts greater than
11 level 1 are indicated with vertical grey bars.
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Table 1. Correlation coefficients between Google search term probability4 and syndromic surveillance system heat-related indicator, England, 2013-2017°

Syndromic Google Spearman correlation coefficient Lag analysis during 2017 heatwave
Surveillance Search 2013 to June 2017 Heatwave Google dataset lags (days behind)°® Google dataset leads (days ahead)’

system Term 2017 | Daily 7dma -5 2 -1 0 1 2 3 4|
111 0.754 0.721 | 0.918 0.097 | 0.331 0.571 0.680 0.736 | 0.721 | 0.725 | 0.567 | 0.365 0.128 | -0.162
GPIH Heat 0.526 0.280 | 0.488 -0.078 | 0.060 0.372 0.392 0.286 | 0.280 | 0.322 | 0.285 | 0.271 0.274 0.151
GPOOH exhaustion 0.628 0.673 | 0.855 0.126 | 0.341 0.326 0.560 0.599 | 0.673 | 0.704 | 0.538 | 0.432 0.215 0.021
ED 0.548 0.531 | 0.863 -0.002 0.187 0.247 0.503 0.593 | 0.531 | 0.514 | 0.566 | 0.484 0.263 | -0.056
111 0.856 0.828 | 0.928 0.132 | 0.358 0.570 0.708 0.800 | 0.828 | 0.770 | 0.573 | 0.293 -0.010 | -0.243
GPIH Heat rash 0.480 0.218 | 0.480 0.158 | 0.232 0.230 0.336 0.317 | 0.218 | 0.345 | 0.393 | 0.214 0.110 0.106
GPOOH 0.643 0.758 | 0.874 0.130 | 0.280 0.472 0.656 0.718 | 0.758 | 0.617 | 0.467 | 0.348 0.105 | -0.145
ED 0.533 0.594 | 0.833 0.149 | 0.293 0.330 0.464 0.572 | 0.594 | 0.523 | 0.412 | 0.327 0.144 | -0.061
111 0.684 0.916 | 0.958 -0.082 0.122 0.413 0.616 0.779 | 0.916 | 0.873 | 0.757 | 0.535 0.285 0.008
GPIH 0.410 0.336 | 0.482 0.001 | 0.021 0.207 0.283 0.240 | 0.336 | 0.405 | 0.328 | 0.228 0.279 0.156
GPOOH Heat stroke 0.574 0.680 | 0.923 | 0037 | 0205 | 0.394| 0530 | 0.709 | 0.680 | 0.684 | 0.607 | 0.552 | 0.266 | 0.113
ED 0.476 0.537 | 0.819 -0.030 | 0.184 0.221 0.335 0.515 | 0.537 | 0.527 | 0.498 | 0.497 0.335 0.214
111 0.774 0.450 | 0.667 0.043 | 0.266 0.387 0.461 0.515 | 0.450 | 0.480 | 0.394 | 0.289 0.218 0.169
GPIH Heatwave 0.458 0.396 | 0.427 -0.100 | 0.033 0.112 0.161 0.311 | 0.396 | 0.409 | 0.351 | 0.310 0.172 0.075
GPOOH 0.514 0.522 | 0.704 0.133 | 0.324 0.293 0.454 0.514 | 0.522 | 0.534 | 0.609 | 0.423 0.450 0.228
ED 0.497 0.575 | 0.625 -0.101 0.062 0.215 0.267 0.452 | 0.575 | 0.518 | 0.527 | 0.339 0.286 0.051
111 0.900 0.812 | 0.929 0.168 | 0.358 0.643 0.749 0.778 | 0.812 | 0.729 | 0.562 | 0.276 0.048 | -0.182
GPIH Prickly heat 0.504 0.344 | 0.482 0.167 | 0.014 0.294 0.404 0.244 | 0.344 | 0.414 | 0.301 | 0.137 0.192 0.118
GPOOH 0.638 0.642 | 0.825 0.200 | 0.304 0.509 0.534 0.730 | 0.642 | 0.595 | 0.534 | 0.355 0.179 | -0.146
ED 0.531 0.652 | 0.869 0.092 | 0.219 0.359 0.347 0.587 | 0.652 | 0.565 | 0.450 | 0.301 0.157 | -0.008
111 0.898 0.844 | 0.956 0.095 | 0.201 0.421 0.560 0.722 | 0.844 | 0.844 | 0.696 | 0.402 0.108 | -0.162
GPIH Sunburn 0.506 0.137 | 0.493 0.232 | 0.126 0.253 0.313 0.182 0.137 | 0.374 | 0.444 | 0.215 0.248 0.155
GPOOH 0.629 0.693 | 0.908 0.097 | 0.276 0.421 0.492 0.691 | 0.693 | 0.618 | 0.489 | 0.402 0.071 | -0.129
ED 0.528 0.563 | 0.835 0.135 | 0.283 0.297 0.321 0.501 | 0.563 | 0.493 | 0.375 | 0.344 0.189 0.015
111 0.884 0.811 | 0.943 -0.143 | -0.012 0.264 0.452 0.653 | 0.811 | 0.869 | 0.776 | 0.556 0.325 0.069
GPIH Sunstroke 0.476 0.109 | 0.464 0.156 | -0.063 0.079 0.219 0.118 | 0.109 | 0.448 | 0.480 | 0.161 0.200 0.236
GPOOH 0.634 0.655 | 0.902 -0.105 0.073 0.243 0.394 0.645 | 0.655 | 0.555 | 0.524 | 0.575 0.322 0.049
ED 0.547 0.555 | 0.825 -0.084 | 0.123 0.170 0.212 0.445 | 0.555 | 0.458 | 0.395 | 0.467 0.345 0.161

4Daily probability is defined as searching for a specified term on a given day in England, multiplied by ten million. >Correlation coefficients are emboldened where significant and shaded pale
yellow (p<0.05). Cells shaded yellow contain the highest correlation coefficient for each row in the lag analysis. 7dma = seven day moving average. ®The Google dataset was lagged backwards
in time. E.g. The highest correlation coefficient with a lag of -1 implies Google data needed to be shifted back a day to best correlate with syndromic data and it had a delay of one day relative
to syndromic data. "The Google dataset was shifted forwards in time. E.g. The highest correlation coefficient with a lag of +1 implies Google data needed to be shifted forwards a day to best
correlate with syndromic data and it was one day ahead of syndromic data.
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1

2

3 APPENDIX ONE. SELECTION OF GOOGLE SEARCH TERMS

4

5 a) Terms identified from syndromic surveillance (additional terms and comments from Google

6 Trends)

7 e Heat exhaustion (Heat stroke)

g e Heat rash (Prickly heat)

10 e Heatstroke (Heat stroke, Sunstroke)

11 e Heat stroke

12 e Heatwave

13 e  Prickly heat (Heat rash)

14 e Sunburn (No additional terms identified)

15 e Sunstroke

i? e Sun stroke (heat stroke, sunstroke)

18 e Heat syncope (Not enough searches carried out in Google to provide data)

19 e Heat fatigue (Not enough searches carried out in Google to provide data)

20 e Heat oedema (Not enough searches carried out in Google to provide data)

21 e Heat prostration (Not enough searches carried out in Google to provide data)

22

23 b) Final list

24 e Heat exhaustion

25 e Heatrash

26 e Heat stroke

27

28 e Heatwave

29 e  Prickly heat

30 e Sunburn

31 e Sunstroke

32 Where multiple variations of the search terms were available (e.g. heatstroke, heat stroke), there

22 was generally one that had the largest search probability and this was retained in the final list of
terms.

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59
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!Daily probability is defined as searching for a specified term on a given day in England, multiplied by ten
million.t 2Heat exhaustion or heat rash or heat stroke or heatwave or prickly heat or sunburn or sunstroke
3NHS 111 data was only available from September 2013 onwards. Periods with heatwave alerts greater than

level 1 are indicated with vertical grey bars.
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Supplementary Figure 1. Daily (pale blue) and seven day moving average (dark blue) probabilities
(x 10 million)* searching for a heat-related term in Google, England, 2013-2017
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Supplementary Table 1. Daily probabilities (x 10 million) searching for a heat-related term in
Google, England, June 2017®

Google search term(s)

Date Heat exhaustion  Prickly heat Heatrash Heat stroke Heatwave Sunstroke Sunburn
01/06/2017 31.73 369.45 555.45 216.81 95.31 306.48 | 1560.47
02/06/2017 31.80 285.98 440.51 194.11 95.59 238.58 | 1232.58
03/06/2017 46.08 215.10 461.69 156.12 135.67 233.78 | 1098.85
04/06/2017 53.55 154.48 411.37 105.76 77.66 130.91 | 748.45
05/06/2017 19.45 174.57 218.75 52.58 170.62 92.31 | 406.82
06/06/2017 14.54 125.62 198.37 32.33 213.25 4356 | 279.95
07/06/2017 15.07 204.60 204.86 26.51 165.31 67.26 | 328.84
08/06/2017 29.20 116.61 116.91 25.55 88.04 29.24 | 305.84
09/06/2017 14.66 92.72 186.08 13.03 102.88 53.77 | 263.39
10/06/2017 18.63 130.38 236.45 89.13 74.86 173.91 | 743.91
11/06/2017 18.58 129.02 332.68 101.65 92.32 227.94 | 1001.07
12/06/2017 14.74 142.42 191.83 113.21 152.80 113.08 | 735.37
13/06/2017 22.59 149.95 270.53 94.00 270.93 125.16 | 594.28
14/06/2017 20.40 167.99 398.09 194.21 158.61 24464 | 854.51
15/06/2017 45.93 244.46 372.86 185.93 322.19 239.76 | 804.56
16/06/2017 56.16 187.38 364.85 178.09 273.96 117.91 | 727.57
17/06/2017 152.14 427.60 864.14 780.71 504.76 911.76 | 3004.34
18/06/2017 407.57 840.06 1623.46 2013.51 | 2555.64 | 1913.08 | 5741.17
19/06/2017 456.62 1084.70 2189.72 2518.22 | 2428.68 | 1808.59 | 4835.66
20/06/2017 404.78 908.24 2290.17 1732.61 | 2120.14 | 1066.07 | 2993.85
21/06/2017 473.38 1009.79 2242.39 1548.77 1944.02 650.30 | 2179.58
22/06/2017 239.08 557.94 1387.89 793.30 778.45 325.24 | 1271.89
23/06/2017 89.15 287.75 760.47 249.70 336.05 120.53 | 1024.24
24/06/2017 47.34 352.49 618.47 145.45 252.54 157.52 | 1069.23
25/06/2017 49.65 297.27 595.90 115.36 279.82 136.59 | 1051.89
26/06/2017 30.76 219.99 445.79 127.96 200.11 158.73 | 863.18
27/06/2017 19.82 128.62 307.34 53.68 243.10 94.00 | 681.94
28/06/2017 14.91 148.49 149.02 40.40 268.45 54.66 | 396.12
29/06/2017 20.66 154.43 175.47 60.59 274.21 66.99 | 385.84
30/06/2017 40.29 139.77 258.73 33.60 356.42 37.73 | 365.47

BDai/y probability is defined as searching for a specified term on a given day in England, multiplied by ten
million allowing for results to be directly compared over time. Cells shaded yellow correspond to a Level 2
heatwave alert (at risk of reaching high temperatures) and cells shaded orange correspond to a Level 3
heatwave alert (have reached high temperatures, Met Office 2017). Emboldened cells correspond to the peak
probability.
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