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Google Technology in the Surveillance of Hand Foot Mouth Disease in Asia
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Abstract: Hand Foot Mouth Disease (HFMD) is a worldwide Enteroviral infection. Severe outbreaks have
recently occurred in the US and Asia. Google technology has been shown to predict influenza epidemics
and is a potential resource to track epidemics in developed countries where the use of Web-based
searches is prevalent.

Google Trends and Google Correlate were used to enumerate Web-based search queries related to HFMD
in three Asian regions and were compared to known seasonal variations and standard surveillance data to
investigate correlations. We also tested whether a mathematical model, constructed using Google Corre-
late, would have predicted an outbreak of HFMD in Singapore.

HFMD-related search queries strongly correlated to known HFMD seasonal variation and standard surveil-
lance data. Our mathematical model of Singaporean HFMD predicted the magnitude and chronology of the
summer 2012 HFMD outbreak. Google technology shows enormous potential for HFMD surveillance. Fur-

ther prospective studies are needed to validate the utility of Google technology in HFMD surveillance.
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INTRODUCTION

Hand, Foot, and Mouth Disease (HFMD) is a
worldwide illness caused by Enteroviral infection.
Patients commonly present with fever, malaise,
and pharyngitis days before onset of a character-
istic vesicular eruption on the palms and soles,
and posterior pharyngeal erosions. Outbreaks are
most common in the summer and generally affect
children younger than five years of age [1]. The
typical patient recovers with only symptomatic
treatment, but recently there have been outbreaks
associated with severe disease, such as aseptic
meningitis, encephalitis, and even death [2]. Sev-
eral of these severe outbreaks have been associ-
ated with Enterovirus 71 infection in East and
Southeast Asia. In the United States, Coxsackie
virus A6 was associated with severe HFMD pres-
entations during a large outbreak in the winter of
2011-2012 [2]. Given the lack of specific treatment
and vaccination, endemic regions rely on surveil-
lance and public control measures to decrease
the frequency of case severity in at-risk popula-
tions [3].
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The Internet is a frequent source of health-related
information for consumers with patients perform-
ing Web-based searches for medical information
using their symptoms. Google Flu Trends® (GFT),
which uses multiple Web-search queries for influ-
enza symptoms to provide real-time influenza sur-
veillance, not only correlates with Centers for Dis-
ease Control and Prevention (CDC) surveillance
data, it can predict peaks in influenza outbreaks
one week faster than CDC data [4]. A related
technology, Google Trends® (GT), is a free, on-
line resource that displays the relative frequency
pattern or “trend” of Web-searches over time [5].
GT has shown correlation with CDC data for West
Nile Virus outbreaks and to previously established
patterns of Respiratory Syncytial Virus outbreaks
[5]. GT is a potential resource to track epidemics
in developed countries where the use of Web-
based searches is prevalent. This real-time sur-
veillance capability may identify disease out-
breaks early, thereby allowing rapid implementa-
tion of control measures to reduce case transmis-
sion and population morbidity and mortality.

GT relies on user-generated search queries to
produce trends and, for purposes of correlation,
requires careful selection of queries. Google Cor-
relate® (GC), which is similar to GFT in its meth-
odology, provides an automated method for query

© 2014 International Journal of Integrative Pediatrics and Environmental Medicine



28 International Journal of Integrative Pediatrics and Environmental Medicine, 2014

Cayce et al.

selection without the need for conjecture. It also
provides modeling capabilities, which have been
used for various financial interests, but have yet to
be used for infectious disease modeling.HFMD is
common in developed countries [2]. It displays
strong seasonal variation, epidemic potential, and
easily recognizable manifestations, which are
ideal features for “trending” using GT and GC.
Real-time surveillance of HFMD is especially im-
portant given the recent upswing in severe out-
breaks in Asia. This report investigates the corre-
lation of HFMD-related search queries, generated
using GT and GC, compared to established sea-
sonal patterns and standard surveillance data for
HFMD in three Asian regions. We also developed
a mathematical model for HFMD in Singapore,
constructed using GC, to determine whether this
model would, in retrospect, predict the magnitude
and chronology of an HFMD outbreak in Singa-
pore in 2012.

METHODS

We outlined epidemiological sources available for
HFMD in Asia. We described how GT data are
processed, how queries are refined, additional
features available using GT, and described how
GT trend data were generated for HFMD in Asia
for correlation to standard surveillance data. We
then described how GC queries are processed,
how query searches are refined, additional fea-
tures available using GC, and described how GC
was used to generate correlated HFMD-related
search queries in two Asian regions using stan-
dard surveillance data. Finally, we described how
GC was used to construct a mathematical model
of HFMD in Singapore and how this model tested
against an outbreak of HFMD.

Google Trends (GT, http://google.com/
trends/)

GT generates index graphs based on a user's
Google search queries. It displays a relative
search volume index graph based on a fraction of
total Google Web searches over a specified time
period and extrapolates the data to estimate total
search volume. This information is updated daily.

All query outputs are normalized by dividing data
sets by the largest variable in the data set to allow

for comparison of variables within a data set. To
increase sensitivity for detection of changes in fu-
ture trends, GT also divides by an unrelated, and
common, Web-search query. Normalization also
factors out the effect of a larger population on
search volume trends, making it possible to rank
cities.

GT scales the result for each query entry relative
to its average search volume over the period se-
lected by dividing each data point by the highest
query value and multiplying by 100 to produce
data on a scale from 0 to 100.

The use of symbols can sophisticate query
searches. For example, an addition sign (+) com-
bines searches whereas a subtraction sign (-) ex-
cludes searches. A quotation mark will restrict the
query to Google searches with words in that order.
Query filters comprised of dates, locations, search
types, and categories are applied to limit the data.
Users logged into a Google email (Gmail) account
may download the query results into a comma
separated value (CSV) file.

Individual GT HFMD data sets were gathered for
three Asian regions. Search terms used the pre-
dominant language(s) in each region. In Singa-
pore, the predominant languages of English and
Chinese were chosen due to a lack of data gener-
ated using Tamil and Malay terms for searches.
Initial search terms incorporated the name of the
illness (Hand Foot Mouth, Hand Foot Mouth Dis-
ease), the symptoms of the illness (hand rash +
foot rash + mouth rash) and the viral etiology (En-
terovirus). The search term ‘hand and mouth’ was
omitted to avoid data for ‘hoof and mouth dis-
ease’, which affects cloven-hoofed animals.
Searches for the symptoms and Enterovirus did
not generate query data and were excluded from
analysis. GT data were either limited (China) or
not available (Macao, Korea) for HFMD and, thus,
these regions were excluded from analysis. Re-
sults were downloaded into CSV files for statistical
analysis.

The Emerging Disease Surveillance and Re-
sponse Unit of the World Health Organization
(WHO) operates in the Western Pacific region to
collect data for HFMD diagnoses within each
member state’s surveillance system. Epidemiol-
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ogical data are available for Hong Kong, China,
Macao, Japan, Korea, and Singapore [6].

To determine correlations between GT index
graphs and standard surveillance methods, we
used (a) visual comparison by placing corre-
sponding data sets side-by-side, and (b) Pearson
correlation coefficients (R). We sought to deter-
mine whether GT data would strongly correlate (R
> 0-75) to surveillance data in Japan, Hong Kong,
and Singapore. WHO surveillance system data
were accessed to obtain, if available, accurate
case counts for comparison to GT and GC data in
Japan, Hong Kong, and Singapore.

In Hong Kong, HFMD was not a notifiable disease
for the Centre for Health Protection (CHP), which
collected weekly case counts from sentinel moni-
toring clinics (64 general outpatient clinics and 50
private general practitioners) and hospital authori-
ties [7]. CHP provided the rate of HFMD consulta-
tions per 1000 total consultations and the number
of HFMD-related hospitalizations. From these
data, we compared the weekly cases of HFMD in
2012 to weekly GT query values (Figure 1).

In Japan, HFMD was not a notifiable disease and
the National Institute of Infectious Disease (NIID)
collected weekly case counts for HFMD from pre-

fectural public health institutes and 464 sentinel
monitoring clinics [8]. In 2012, the rate of HFMD in
Japan was relatively low, and therefore, we chose
to extend the study period from January 2010 to
April 2013. Since the NIID published less than one
year of data, we used the WHO records, which
were available since 2010 and were based on the
NIID data collection. From these data, we calcu-
lated the average monthly case counts from
January 2010-April 2013 to compare to monthly
GT query values (Figure 2).

In Singapore, HFMD was a notifiable disease, and
the Ministry of Health (MOH) collected weekly
case counts from sentinel clinics, general practi-
tioners, and childcare centers [9]. From these
data, we compared the weekly cases of HFMD in
2012 to weekly GT query values (Figure 3).

Google Correlate (GC, http://www.google.
com/trends/correlate/)

In contrast to GT, which supplies a search fre-
quency over time for entered query(ies), GC sup-
plies search queries with similar frequency pat-
terns to user-generated search queries, user-
provided data sets uploaded to GC, or user-
provider drawings of a frequency pattern.
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Figure 1: GT query (top) for HFM + HFMD (F 2 0O%% + F & 0) compared to WHO epidemiological curve (bottom)
for HFMD in 2012. “100” represents peak search interest in GT Web-searches. Weekly time points for peaks are

highlighted for comparison between the two graphs.
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Figure 2A: GT query (top) for HFM + HFMD (F 2048, F &, red and blue, respectively) compared to WHO epi-
demiological curve (bottom) for HFMD in Japan between January 2010 and April 2013. “100” represents peak
search interest in GT Web-searches. Weekly time points for peaks are highlighted for comparison between the two

graphs.
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Figure 2B: GC line chart generated using WHO HFMD surveillance data in Japan between January 2010 and De-
cember 2012 (blue dots) plotted against the most correlated search query [HFMD infection (F& O f& B, red

line].

GC employs a two-pass system to achieve effi-
cient (99% precision) data comparisons between
target and GC database series. It produces results
similar to that of the GFT’s batch-based approach,
but at faster rates and with fewer computational
requirements. As a result of this analysis, Pearson
correlation computation was performed between
target and GC database series for exact correla-
tion.

All GC database time-series were normalized by
dividing by the total count for all queries in that
week and, thus, were controlled for annual growth
in Web-based searches. Each time-series was
standardized to have a mean value of zero and a
variance of one so that queries could be com-
pared using Pearson correlations. GC output in-
cluded line charts and scatter plots that visually
presented correlated times-series. Users were
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Figure 3A: GT query (top) for HFM+ HFMD (F & O+ F 2 047, blue and red, respectively) compared to WHO epi-
demiological curve (bottom) for HFMD in Singapore 2012. “100” represents peak search interest in GT Web-
searches. Weekly time points for peaks are highlighted for comparison between the two graphs.
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Figure 3B: GC line chart generated using Singaporean MOH HFMD surveillance data in in 2012 (blue) plotted

against the most correlated search query [HFMD, red].

allowed to categorize correlations against space
(comparing within US States) or time (comparing
weekly or monthly time-series). GC allowed time-
series to be shifted to determine whether shifting
of the series increased correlation with a specific
time-series in the GC database. GC also had a
‘Location’ filter to select for time-series data within
specific countries.

Surveillance data sets for Singapore and Japan
were tabulated into CSV files and uploaded to
GC. In Singapore, weekly case counts, provided

by the MOH from January 2011 to December
2012, were used for analysis. In Japan, average
monthly case counts provided by the WHO from
January 2010 to December 2012 were used for
analysis. Hong Kong was excluded because it
was not a location option on GC. GC-generated
output queries were catalogued for their relation-
ship to HFMD and we sought to determine
whether HFMD search-queries would correlate
strongly (R > 0-75) with frequency patterns for
Japanese and Singaporean HFMD surveillance
data.
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Using GC, query results were combined to gener-
ate a mathematical model of the data of interest
[10]. Singapore was chosen for model generation
due to the availability of accurate weekly data
points. To build a mathematical model of HFMD in
Singapore, Singaporean HFMD surveillance data
from January 2011 to February 2012 (termed sur-
veillance training data) and September to October
2012 were uploaded to GC as is standard for
model “training”. This surveillance training data
generated a large set of correlated queries to the
data set. The 20 most correlated queries (correla-
tion coefficients [R] = 0.9247 - 0.864) were down-
loaded into a CSV file for model generation and
labeled as “query training data” (Table 1). As seen
in the Table, the highest correlated queries logi-
cally related to HFMD, but other GC-generated
queries only related temporally to HFMD. For ex-
ample, “Of the Gods” references to the Nine Em-
peror Gods Festival, which occurs annually in late
summer or early fall and, thus, correlated with
peak outbreaks of HFMD. The linear mathematical
model used for the study had the following for-
mula:

Table 1: Query Inputs Used to Generate HFMD-
Related GT Index Graphs

1. hfmd

2. Hand foot and mouth

3. Hand foot

4. Mouth disease

5. Foot and

6. Hand foot and mouth disease
7. Foot and mouth

8. Foot and mouth disease
9. Know lyrics

10. Of the gods

1. Fondant

12. The gods

13. at«¢

14. Feast

15. | used

16. | used to

17. Foot mouth

18. Hand foot mouth

19. Iv handbags

20. Rooftop

Table Caption: Top 20 GC-generated correlated queries to
Singaporean HFMD surveillance data for January 2011 to
February 2012 and September to October 2012.

Model
Stdev

a X (sum of queries) + b

standard deviation

a = surveillance training data stdev/query train-
ing data stdev

b = surveillance training data average - surveil-
lance training data stdev x query training
data average/query training data stdev

Based on the training data, the resulting linear
model was tested against the Singaporean sur-
veillance data for January 2011-October 2012 to
determine if the model correlated with the summer
outbreak of HFMD in 2012 (March to August
2012) in timing and severity (Figures 4A and 4B).

RESULTS

Hong Kong: A statistical analysis between Hong
Kong CHP sentinel clinic surveillance data and GT
query for HFMD showed a moderate correlation
(R=0.64, p=.0000003) (Figure 1). An analysis be-
tween Hong Kong CHP hospitalization surveil-
lance data and GT query for HFMD showed a
strong correlation (R=0.78, p<0.000001), data not
shown. Several peaks for GT data appeared to
precede a peak in standard reporting (weeks 16,
41, and 52).

Japan: Searches for HFM + HFMD (, ) were
largely superimposed and searches for HFMD
were used for analysis against WHO surveillance
data (Figure 2A). A statistical analysis between
the WHO surveillance data and GT query for
HFMD showed a strong correlation (R=0.97,
p<0.0000007).

The GC-calculated correlation between the query
for “HFMD infection” and the WHO surveillance
data was strong (R=0.9485, p<0.0000001) (Figure
2B).

Singapore: A statistical analysis between the Sin-
gapore MOH surveillance data and GT query for
HFMD showed a strong correlation (R=0.86,
p=<0.0000001) (Figure 3A). Several peaks in the
GT data appeared to precede peaks in the stan-
dard report (weeks 19, 30, and 36).

The GC-calculated correlation between query for
HFMD and the Singaporean MOH surveillance
data was strong (R=0.947, p<0.0000001) (Figure
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Figure 4A: GC-based linear mathematical model (red) generated using Singapore’s MOH surveillance data for
HFMD (blue) for January 2011-February 2012 and September-October 2012. Surveillance data withheld from

model construction is indicated using brackets.
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Figure 4B: The GC model (red) was able to predict the Singaporean summer (March-August) outbreak of 2012 as

depicted by the full Singaporean surveillance data (blue).

3B). Queries for “Hand Foot Mouth” and “Hand
Foot Mouth disease” also strongly correlated to
Singaporean MOH surveillance data (R=0.9429
and 0.9376, respectively) (data not shown).

A GC-based linear mathematical model of Singa-
porean HFMD predicted the outbreak of HFMD in
the summer of 2012 (Figure 4B). The model ap-
peared to overestimate the magnitude of the out-
break, but was able to mimic, if not precede, the
chronology of the outbreak.

DISCUSSION

Concerns for emerging infectious diseases and
bioterrorism heightens the need for real-time sur-
veillance of infectious outbreaks to allow for the
rapid institution of public control measures to re-
duce the frequency and mortality from epidemic
illnesses, including HFMD [3]. Various social me-
dia are currently being explored, such as Twitter,
Facebook and Google, to determine whether their
data can be used to develop accurate models of
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infectious disease. GT is well situated for this pur-
pose, given its worldwide use, existing technol-
ogy, and demonstrated correlation with standard
surveillance data for several infectious diseases
[5]. This ability is highlighted by the fact that GFT
can predict influenza outbreaks one week faster
than conventional reporting methods from the
CDC [4].

The GT queries generated for HFMD correlated
with established seasonal variations and surveil-
lance data in three Asian regions. GT index
graphs for Singapore and Japan strongly corre-
lated with HFMD surveillance data, and in Hong
Kong and Singapore the GT peaks appeared to
precede the peaks in standard reporting. In Hong
Kong, GT index graphs did not strongly correlate
with surveillance data, but the reporting methods
from the Hong Kong CHP were limited for epide-
miological comparisons. The CHP did not adjust
the weekly consultation rate for the population
and, therefore the ability to make incidence com-
parisons was limited. Furthermore, the CHP pro-
vided hospitalization counts on a weekly basis
that were likely to have underestimated the actual
case count for HFMD since most cases were mild
and did not require hospitalization. Enteroviral 71
infection was a notifiable illness in Hong Kong, but
not all infections manifest symptoms, particularly
HFMD, making these data very limited for com-
parison to HFMD-related query data. Using GC,
HFMD-related search queries strongly correlated
with surveillance data in Japan and Singapore. In
the case of Singapore, our GC-based model was
able to predict, possibly at a faster rate, real world
surveillance data. Therefore, Google-dependent
technology may be useful for disease surveillance
in the regions of Asia most at risk for HFMD.

GT and GC may improve disease surveillance, but
in their current forms, are most useful when com-
bined with conventional surveillance methods. GT
search criteria are not standardized. Search terms
need to be validated using the model of GFT or
“syndromic surveillance”. “Syndromic surveil-
lance”, used in electronic medical records, stan-
dardizes search terms into syndromes that are
validated against case data [5]. GC was devel-
oped to overcome this particular limitation of GT
by providing correlated queries to data of interest.

However, GC provides a limited set of correlated
queries and, for some data sets, the list may con-
tain unrelated queries. Furthermore, limitations to
GT and GC include limited or unavailable trending
data in regions at risk for HFMD epidemics, such
as Macao, Korea, China, and Hong Kong (in the
case of GC). Perhaps most importantly, demo-
graphic information about Internet-users and the
relative volume of searches by healthcare work-
ers, as compared to patients, is unknown by re-
searchers using GT and GC. Finally, our GC-
based model appeared to overstate the magni-
tude of the outbreak, which was similar to the GFT
predictions for the 2012 influenza outbreak in the
United States [11]. This suggests that Internet-
based models may be most useful for real-time
surveillance and less useful for predictions of case
counts during an outbreak. This potential for real-
time surveillance, however, makes Internet-based
modeling a potentially useful tool for infectious
disease monitoring where rapid implementation of
public control measures would be critical to re-
duce population morbidity and mortality.

Our results using Google technology correlate
strongly with known HFMD seasonal variations
and standard surveillance data in three Asian re-
gions. Additional real-time analyses comparing
the severity and timing of a HFMD outbreak to
predictions made by GT and, especially, GC are
needed to confirm the usefulness of Google tech-
nology in Asian HFMD surveillance where large
outbreaks of HFMD, with fatalities, are common.
Further, case interviews with Web users searching
for HFMD symptoms to determine the specific
search terms used and the chronology of such
searches in an outbreak are likely to provide pow-
erful data to epidemiologists.
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