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Abstract. Background and aim: The study aimed to evaluate the epidemiological trend of hand, foot and
mouth disease (HFMD) in Italy using data on Internet search volume. Mezhods: A cross-sectional study de-
sign was used. Data on Internet searches were obtained from Google Trends (GT) and Wikipedia. We used
the following Italian search term: “Malattia mano-piede-bocca” (Hand-foot-mouth disease, in English). A
monthly time-frame was extracted, partly overlapping, from July 2015 to December 2022. GT and Wikipedia
were overlapped to perform a linear regression and correlation analyses. Statistical analyses were performed
using the Spearman’s rank correlation coefficient (rho). A linear regression analysis was performed consider-
ing Wikipedia and GT. Results: Search peaks for both Wikipedia and GT occurred in the months November-
December during the autumn-winter season and in June during the spring-summer season, except for the
period from June 2020 to June 2021, probably due to the restrictions of the COVID19 pandemic. A temporal
correlation was observed between GT and Wikipedia search trends. Conclusions: This is the first study in Italy
that attempts to clarify the epidemiology of HFMD. Google search and Wikipedia can be valuable for public
health surveillance; however, to date, digital epidemiology cannot replace the traditional surveillance system
(www.actabiomedica.it).
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Introduction

Hand, foot and mouth disease (HFMD) is a
common viral infection that primarily affects infants
and children. It is generally caused by Coxsackievirus
A type 16; however, the infection can also be caused by
many other strains of coxsackievirus and human entero-
virus 71 (1,2). Usually, HFMD has an acute onset with
a low-grade fever, reduced appetite, and general ma-
laise. Moreover, the enanthem on the skin or mucosa is
responsible for the pain of hands, feet, and mouth (1).
In most of the cases, symptoms are mild, however; in

a smaller number of cases might have atypical features
like concomitant aseptic encephalitis, meningitis, en-
cephalomyelitis, myocarditis, delayed acute paralysis
and even death in severe cases (3-5). This infection oc-
curs worldwide without a particular geographical pat-
tern. Because children (particularly those younger than
five years of age) tend to be infected mostly, outbreaks
within family can also be recorded. Moreover, high
rate of infection is due to poor hygiene, social contacts
frequency (6), and meteorological factors, as tempera-
ture and high humidity (cases tended to occur more
frequently during late spring and early summer) (6-8).
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Data from the large-scale surveillance reported
that approximately 13 million cases of HFMD were
recorded in China in the period 2008-2015. Out of
these, 12,000 were severe cases and more than 3,300
deaths were documented (5). In America and Europe,
the incidence of HFMD is not routinary monitored
as there is no active surveillance system (9). Therefore,
surveillance is based on passive reporting systems
which tend to underestimate the real number of cases
and do not give a clear epidemiological picture (9). In
this perspective, online epidemiological surveillance
might support in understanding trends. Actually, on-
line epidemiological surveillance has received consid-
erable attention over the last few years and could help
for a first general overview in this field. These new
data offer interesting insights to focus on as they trace
Internet activities. In particular, in this case data refer
to the Internet users’ health-related searches. These
new surveillance systems statistically combine tradi-
tional surveillance data with Internet activity in order
to explore public interest and inform mathematical
models that can predict the ongoing epidemics (10).
As for instance, previous evidence compared web
pages visualizations (most frequently Wikipedia web
pages) (11- 13), or search queries (most frequently
Google Trends) (14-16) with surveillance data. This
emerging surveillance approach, also known as digital
epidemiology, has become even more attractive be-
cause faster and cheaper compared to the traditional
surveillance systems. According to Marcel Salathe
the term digital epidemiology is a field of study that
uses data generated outside the public health system,
i.e. data that were not generated with the main pur-
pose of doing epidemiology (17). The assumption be-
hind this approach is that an increase in disease cases
is followed by Internet users’ search on the disease,
which finally corresponds to high internet search
generated volume.

Although this field, known as “infodemiology” or
“infoveillance” is still in its infancy, it can be envisioned
that its implications could overcome some of the prob-
lems of traditional systems because internet-based
surveillance systems is based on real-time monitoring.
Therefore, the aim of this study was to evaluate the
epidemiological trend of the HFMD in Italy through
the searches that users make on the internet, assessing

whether a correlation/association between searches in

Google and Wikipedia exist.

Material and methods

A cross-sectional study design was used. Data
on Internet searches were obtained from Google
Trends (GT) based on Google Search, the most
widely used internet search engine (18). We used
the following Italian search term: “Malattia mano-
piede-bocca” (Hand-foot-mouth disease, in English).
We also searched for terms that might be associated
with HFMD as they represent more common symp-
toms “febbre” (fever, in English), “vescicole sulle mani
sui piedi e sulla bocca”/’vescicole mani piedi bocca”
(vescicles on hand, feet and mouth, in English), “ul-
cera” (sore, in English); specifically regarding “vesci-
cole sulle mani sui piedi e sulla bocca” or “vescicole
mani piedi bocca” The data related to the search is not
sufficient to be shown in Google Trends, the tool does
not provide data. One monthly time-frame elapsing
was extracted partly overlapping, from July 2015 to
December 2022 (July 2015 is the beginning of data
availability in Wikipedia). GT produces relative search
volume (RSV) scaled to the highest search proportion
week, which is computed as the percentage of queries
concerning a particular term for a specific location and
time period, where 100 is the maximum value and 0
is the minimum value. Thus, RSV allows for directly
comparing search volume across search terms. From
Wikipedia (19) it is possible to know how many times
a specific page is viewed by users; data were extracted
as monthly data corresponding to the monthly re-
port of Google’s RSV. Using this tool, the number
of monthly views by users from the July 2015 to De-
cember 2022 of the Wikipedia’ pages “Malattia mano-
piede-bocca” (Hand-foot-mouth disease, in English)
were extracted. We also searched for pages that might
be associated with HFMD as they represent more
common symptoms “febbre” (fever, in English), “vesci-
cola” (vescicle, in English), “ulcera” (sore, in English).
The files in “.CSV” format has been downloaded.

We overlapped Google Trends and Wikipedia
data to perform a linear regression and correlation
analysis. Cross-correlation results are obtained as
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product-moment correlations between the two-time
series. The advantage of using cross-correlations is that
it accounts for time dependence between two time-
series variables. Statistical analyses were performed us-
ing the Spearman’s rank correlation coefficient (rho).
According to a rule of thumb there is a strong cor-
relation if rho> 0.7, moderate correlation if the value
of rho is between 0.3 and 0.7 and weak correlation if
rho< 0.3 (20). A linear regression was performed con-
sidering Wikipedia searches as dependent variable and
Google trends RSV as independent variable, results are
expressed as coeflicient with 95% confidence intervals
(95% CI). Potential autocorrelation was ascertained
through the calculation of the Durbin-Watson (DW)
statistics. The DW test is a statistic test used to detect
the presence of autocorrelation in the residuals (predic-
tion errors) from a regression analysis (21). The DW
test statistic or d always lies between 0 and 4. If the d
is substantially less than 2, there is evidence of posi-
tive serial correlation, while values greater than 2 sug-
gest no autocorrelation. Representative linear model
and correlation chart of the data were calculated, also
calculating the R? of the model. The statistical signifi-
cance level for the analyses was 0.05. The data were
analyzed using the STATA statistical software, version
14 (22) and Microsoft Excel ®. The data download and
analyses have been done the 13™ of February, 2023.

Results

The raw data for GT and Wikipedia are shown
in Figure 1 and 2. Figure 3 and 4 show the correlation
chart between Wikipedia searches and Google’s RSV
and linear regression between Wikipedia searches and
Google’s RSV for the search term HFMD, respec-
tively. Figure 5 shows the RSV of GT in relation to
the Italian Regions in the study period.

Search peaks for both Wikipedia and GT oc-
curred in November-December during the autumn-
winter season, and in June during the spring-summer
season, except for the period from June 2020 to June
2021, probably due to the restrictions of the COVID19
pandemic, will be discussed more in the discussion
chapter. A temporal correlation was observed between
GT and Wikipedia search trends. Google Trends In-
ternet search data showed strong correlation with
Wikipedia, with a rho equal to 0.82 statistically sig-
nificant (see Table 1). Figure 3 shows the correlation
charts that best represented data, with a R? equal to
0.6722. Figure 4 shows the linear regression that best
represented data, with a R? equal to 0.3774 (see also
Table 2 for further details). As shown in Table 3, there
was an increase in searches for the terms in question
in Google Trends during the post-COVID pandemic
period (2021-2022) compared to the preceding period
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Figure 1. Interest over time of google HFMD search (from 01 July 2015 to 31 December 2022).
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Figure 3. Correlation chart between Wikipedia searches and Google’s RSV. Spearman’s rank correlation coefficient was used.
The red line shows model, the equation and the corresponding R* are shown in the red box.
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Figure 4. Linear regression between Wikipedia searches and Google’s RSV. The red line shows model, the equation and the

corresponding R? are shown in the red box.
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Figure 5. Italian Regions’ interest in Google Trends for HFMD disease search. From 01 July 2015 to 31 December 2022. In this
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(2015-2019). Exactly the opposite instead happened
for the search of the Wikipedia pages mentioned
above. In the study period, Table 4 shows the interest
by Region in Italy on the topic of HFMD as a disease,
the regions of central-northern Italy showed greater
research interest than those of the south or the islands

(Sicily and Sardinia).

Discussion

In Italy there is no surveillance system for
HFMD, which is an important disease for children
under the age of 10 (1), with a potentially increas-
ing disease burden for Italy, and more in general in
Europe, as demonstrated in other regions of the world
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Table 1. Spearman’s rank correlation coefficient.

HFMD Wiki | HFMD_ GT | Fever Wiki | Sores Wiki | Vescicle Wiki | Fever GT | Sores GT

HFMD_Wiki 1

HFMD_GT 0.82* 1

Fever_Wiki 0.36* -0.03 1

Sores_Wiki 0.55* 0.15 0.67* 1

Vescicle Wiki 0.55* 0.20 0.65* 0.80* 1

Fever GT -0.31 -0.08 -0.07 -0.55* -0.41* 1

Sores_ GT 0.08 0.18 -0.40* -0.09 -0.11 -0.02 1
*p-value<0.001
Table 2. Linear regression models.

Dependent variable: HFMD Wikipedia
Independent variable Coeflicient 95% CI p-value Durbin-Watson
HFMD (GT RSV) 130.66 95.11-166.22 <0.001 0.43

Table 3. Excess relative search volume (RSV) for research terms in Google Trends and in Wikipedia (Italy). In the analyses, average

estimates for 2015-2019 were assumed as the reference categories.

Research field Delta of RSV Rate and Wikipedia page viewed
Google Trends 2015-2019 vs 2021-2022

HFMD 0.58%

Fever 49.23%

Sores 6.33%

Wikipedia 2015-2019 vs 2021-2022

HFMD -61.40%

Vescicle -61.20%

Fever -47.74%

Sores -83.07%

(4,5,9). Understanding its epidemic trend would al-
low to quickly implement preventive strategies which
in turn would improve the management of a possi-
ble epidemic (23). Thanks to the improvement of the
computing power of computers and the use of big data,
infodemiological analysis is increasingly used, espe-
cially with the advent of the ongoing COVID-19 pan-
demic (24,25). The Italian national burden of disease
for HFMD is very vague or not even known, therefore,
in this pilot study we evaluated whether or not info-
demiology could represent a valid option to monitor
the epidemiological trend. As previously demonstrated

(15-17), infodemiology - and more generally digi-
tal epidemiology - is an innovative opportunity for
the monitoring of infectious diseases, preferably as a
complementary strategy to traditional surveillance sys-
tems. Several studies have shown that this monitoring
method is innovative, accurate, effective and reliable
even in fields other than the epidemiology of infec-
tious diseases (10,26-28).

Our study shows that in the period 2012-2022 the
Internet search activities follow a constant trend with
peaks in November-December during the autumn-
winter season and in June during the spring-summer
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Table 4. Italian Regions’ interest in Google Trends for HFMD
disease search. From 01 July 2015 to 31 December 2022.

Region RSV
Trentino-Alto Adige 100
Lazio 94
Umbria 93
Marche 91
Liguria 91
Lombardy 90
Abruzzo 85
Emilia-Romagna 84
Piedmont 83
Veneto 82
Friuli-Venezia Giulia 82
Molise 75
Sicily 74
Tuscany 73
Calabria 71
Apulia 68
Sardinia 65
Campania 60
Basilicata 59
Aosta Valley Not available

season. An exception has been recorded for the pe-
riod June 2020-June 2021 where searches carried out
on Google and the Wikipedia pages visualization are
at a minimum, probably because of COVID-19. As
a matter of fact, during COVID-19 pandemic several
preventive measures were in place, among them the
lock-down that highly reduced frequency of contacts.
Thus, the restrictive measures reduced also the circula-
tion of many other airborne diseases, as demonstrated
for measles and influenza (14,29), among the oth-
ers. In fact, although virologically unrelated, SARS-
CoV-2 and HFDM share several characteristics, such
as airborne transmission via droplets or contaminated
surfaces. Consequently, we can speculate that the re-
duction in the disease burden was accompanied by a
reduction in Internet users’ interest and then in re-
lated searches. In the context of the COVID-19 pan-
demic, the use of personal protective equipment such
as masks, lockdown, and social isolation has increased
the number of newborns who have not developed any

immunity against HFMD, so we should expect an in-
crease of important cases in the coming years. More-
over, our findings reveled a strong correlation and a
statistically significant association between searches on
Google and Wikipedia. We can interpret these results
hypothesizing that Internet users search for general
news on Google and then they go to in-depth sites,
such as Wikipedia, to learn more about the disease, as
demonstrated in earlier studies (14,17,26).

Considering searches on GT and Wikipedia (See
Figures 1 and 2) it can be seen that between June 2020
and June 2021 the peaks seen in previous years are
missing. After the reduction of restrictive measures (to
prevent COVID-19), we see that searches on Wiki-
pedia, and especially on Google, increased, reaching
the maximum value of RSV in June 2022 and with
an increasing trend for November-December 2022.
We could interpret this data considering the last as
a rebound effect. It has now been demonstrated that
infodemiological research and the appropriate analy-
sis of search trends in specific search engines, web
platforms, and social media can reflect or anticipate
the epidemiological characteristics of some disorders
(30-32). Previous studies found that users consult In-
ternet before referring to their doctor, even many days
in advance (16, 33).

To our knowledge, this was the first study to in-
vestigate whether GT and Wikipedia searches on
HFMD could represent a reliable proxy for the actual
time course of HFMD infection in Italy. Of course,
current assessments need to be handled with care and
a precautionary approach needs to be used. However,
the available data does not allow for a more accurate

analysis.
Limitations of the study

The study has limitations: first, the data is limited
to those who use Google and Wikipedia for health-
related information. This may not represent the en-
tire computing community; however, Google is used
by more than 80% of internet users worldwide, cov-
ering the highest percentage of the population (33).
Secondly, younger people are generally more digitally
connected than older individuals, potentially affecting

the generalizability to the whole population. Third,
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searches might be impacted by mediatic events that
can affect Google searches. Fourth, in our study the
data analyzed included the COVID-19 pandemic
which may have influenced the quality and quantity
of searches. Fifth, the proposed models may not be
representative enough of reality because confound-
ing factors are not taken into account. However, this
is a pilot study that can offer a new insight regarding
HFMD epidemiology. Despite our findings should be
considered as pioneering, they might support policy-
makers by providing data on an unmonitored infec-
tious disease.

Conclusions

The study, albeit with many limitations, described
HFMD, GT and Wikipedia search trends and the cor-
relations and associations between HFMD, Google
and Wikipedia searches. We noted that the research
volume trend of HFMD had atypical patterns during
the period of COVID-19 pandemic restrictions. This
could be due to considerably decrease of all diseases
transmitted by direct contact or with mucus, saliva,
or feces, considering the widespread use of masks and
adherence to social distancing measures. However, the
seasonal trend of searches with the peaks recorded dur-
ing the change of season, as happens in other countries
with a temperate climate, would suggest that the real
epidemiology of the disease overlaps with the “digital
epidemiology” of the phenomenon. Searches for infec-
tious diseases and associated symptoms using Google
search and Wikipedia can be useful for public health
surveillance. However, to date, digital epidemiology
cannot replace a classical surveillance system.
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