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ABSTRACT
Purpose: Digital epidemiology (using Internet data

as an epidemiological tool) is one of the most concurrent
and novel approaches in the field of infectious disease
tracking. We aimed to see if the disease-related informa-
tion seeking via one of the most popular search engine
(Google) correlates with the real varicella epidemiology in
Bulgaria.

Material/Methods: We compared the relative search
index obtained by Google Trends with a keyword ‘varicella’
and the real incidence data for 2016-2018 in Bulgaria. Cor-
relation analysis and t-test were used to see for association
and difference in the means. Additionally, we summarized
what type of information people find when searching for
‘varicella’.

Results: Dynamics of Google Trends with search
term ‘varicella’ followed almost exactly the real dynamics
of reported varicella cases in Bulgaria (Pearson’s correla-
tion coefficient of 0.85). The seasonality and the regional
spread of varicella infection were also confirmed by the
digital epidemiology (Pearson’s correlation coefficient be-
tween the search index and the monthly cases was 0.93 and
between the search index and the individual district inci-
dence was 0.35). The majority of the information found by
people during the seasonal varicella outbreaks was scien-
tifically relevant and correct.

Conclusions: Digital data received by non-epide-
miological methods could be successfully used to study
varicella dynamics, as high correlation exists between the
data collected via the traditional methods and via the new,
digital methodology.
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tifiable diseases, Google Trends,

INTRODUCTION
Traditional (classical) epidemiology works with data

collected by obligatory or voluntary reporting of disease
cases to the respective regional, national and/or interna-
tional public health authorities. Although well working for
years and most of the notifiable diseases, this system could
be questionable in times of emergency when sudden epi-
demic outbreaks happen, or unknown non-notifiable dis-
ease appears. Recent examples include the Ebola virus dis-

ease outbreak in West Africa (2013-2016) and the on-go-
ing COVID-19 pandemic. In such a situation, a significant
delay and inaccuracies in infectious disease reporting may
exist because of the not prepared system. Therefore, there
is a critical need for new, alternative and real-time meth-
ods for gathering relevant epidemiological data.

A decade ago, the interest of researchers had focused
on the possible use of continuously growing Internet data
generated by the search of information or sharing of expe-
rience, especially when people feel threatened of some
communicable disease. Such data could be search queries,
social media posts, webpage access logs and mobile phone
network data[1]. The information retrieved via these tools
represents the basis of the digital epidemiology, which
“uses data that was generated outside the public health sys-
tem, i.e. with data that was not generated with the primary
purpose of doing epidemiology“.[2]

The digital epidemiology seems simple, widely
available and almost free approach. However, the major
challenge is the validation of the data. We are still in the
beginning, and the successful implementation requires the
gathering of as much as possible data and comparing
against valid epidemiological data generated with the clas-
sical methods. In this context, the varicella is one of the
most “convenient” diseases – first, it is an obligatory/vol-
untary notifiable infection in a high number of countries
and notification data exist for long periods; second, it is
present as endemic in all regions but has a well-defined
seasonality and locality, therefore an evident searching pat-
tern should be expected.

Recently, the information repository Google Trends
has been used to examine the digital epidemiology of vari-
cella in 36 countries for over 11 years. [3] Varicella dynam-
ics retrieved from the digital data showed high correlation
with the real data and the seasonal and geographic distribu-
tion of the disease was found to be related to the informa-
tion-seeking behavior of people. [3]However, Bulgaria was
not included in the aforementioned analysis. Thus, we aimed
to investigate this promising new epidemiological tool in
the case of Bulgaria by comparing the existingvaricella in-
cidence data for the last three years and the disease-related
searching behavior of the population. Additionally, we also
try to analyze what type of information people find when
searching for varicella information on the Internet.
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MATERIALS AND METHODS
Google Trends is a free tool provided by Google Inc.

It summarizes the overall/regional Internet searchingof key-
words on specific topics. Google Trends shows the fre-
quency of each search term (or combination of terms) en-
tered into the search engine in relation to the total search
volume over a defined period. It represents the results for
the search of a given term as search volume index ranging
from 0 to 100.

The number of varicella cases in Bulgaria is freely
available on a monthly base from the National Center of
Public Health and Analyses (NCPHA), Ministry of Health.
[4]Varicella is a compulsorily notifiable disease in Bul-
garia – all medical practitioners should report possible,
probable and confirmed cases on a daily base to the Re-
gional Health Inspectorate of the corresponding district.
Cases are then summarized and reported to the national
bodies. The NCPHA aggregates the data and publishes the
monthly and annual incidence rates at the district and
country level.

We collect the search volume indexes for the term
‘varicella’ (in Bulgarian) for each of the last three years
(2016-2018).The Google Trends data are given on a weekly
base, whereas varicella cases in Bulgaria are summarized
on a monthly base. To deal with this issue, we used the
strategy described. [3]In brief, we converted the weekly
trends to monthly data by repeating the weekly values at

daily intervals. We then assigned the daily values to their
appropriate month of the year. For each month, we calcu-
lated the mean of the daily values, which were used for fur-
ther analyses.Google Trends allows this analysis to be per-
formed for the whole territory of Bulgaria, as well as shows
data for the separated districts – the district with the high-
est searching scores 100 and the other regions are ranged
accordingly to the frequency of ‘varicella’ searches. The
Google Trends results were obtained and analyzed in April
2019.

To test for correlation with the real incidence data
and to test for difference in the means, Pearson’s correla-
tion coefficient and t-test were used as statistical tools in
Excel. P-value of 0.05 was considered as statistically sig-
nificant.

To test what people find when searching on the web,
we performed a Google search with the term ‘varicella’ on
07.06.2019. The term was entered in Bulgarian, and the first
3 pages (30 results) were analyzed and carefully scrutinized
for the quality of the information present.

RESULTS
Dynamics of Google Trends with search term ‘vari-

cella’ (in Bulgarian) followed almost exactly the real dynam-
ics of reported varicella cases for the period 2016-2018. The
calculated Pearson’s correlation coefficient between the two
sets of data was 0.85 (p<<< 0.001) (Figure 1).

Fig. 1.Three-year dynamics of reported varicella distribution (solid line, asnumber of cases per month) and ‘vari-
cella’ Google searches (dashed line, as relative search index) in Bulgaria (2016-2018).

The well-documented seasonality of varicella infec-
tion was also confirmed by the digital epidemiology – most
of the searches are during the Winter-Spring season when
the majority of the disease cases have been reported, and
the least searches for varicella were during the summer
months when virus transmission was almost negligible (Fig-
ure 2).Pearson’s correlation coefficient between the search
index and the seasonality was 0.93 (p <<< 0.001).
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Fig. 2. Annual seasonality of varicella distribution (solid line, asnumber of cumulative cases per month for the
three years) and ‘varicella’ Google searches (dashed line, as average of the relative search indexes for the three years of
interest) in Bulgaria (2016-2018).

Bulgarian districts have different varicella
incidences (even differences of more than 10-fold in the
mean annual incidence rates exist among the districts).
[5] The search queries in the different districts did not fol-
low exactly the true varicella distribution, however, a
moderate positive correlation was found (Pearson’s corre-
lation coefficient of 0.35 (p = 0.07). Most of the Google
searches were concentrated in the 14 largest regions in
which the mean of the Google Trends values was
75.57±17.49 while in the other 14 regions of Bulgaria it
was 60.54±19.25, p = 0.04.

These results clearly show that people are looking
for disease-related information on the Internet, but it is
also important to know what they find when searching.
We performed a Google search with the term ‘varicella’
during a month when the seasonal outbreak was already
calming down. The first 30 results (the first three pages)
were analyzed. Nineteen out of 30 results were articles
containing general information about the symptoms, epi-
demiology and treatment of the disease; three were press
releases with current epidemiological data; two were ad-
vertisements of symptomatic remedies; two were leaflets
of approved vaccines against varicella; one was an arti-
cle containing information for the planned implementa-
tion of the vaccine in Bulgaria; one was information about
varicella infection of a leading anti-vaccer; one was a fo-
rum with opinions how to relieve symptoms in children,
and one was a petition against the planned implementa-
tion of anti-varicella vaccine in Bulgaria. We should men-
tion that the leading result was the official information
about the disease on the Ministry of Health site and most
of the other Google results were also relevant – 26 of them
were with clearly stated authors or were issued by reputed
medical laboratories/associations/sites. Even the petition
against the obligatory varicella vaccination, although

anonymous contained scientific-based information and
links to scientific (PubMed) publications reporting nega-
tive side effects and complications.

DISCUSSION
In the modern digital world, people prefer to search

for information (including medical information) on their
phones/computers rather call a doctor or other specialist
for advice. Currently, in case of an epidemic outbreak (sea-
sonal or unpredictable), the most innate and simplest
behavior is to search and to post via the web and/or so-
cial media. The frequency of searching and posting could
be used as a good approximation for the actual spreading
of an infectious disease. [6]However, together with the
ethical considerations[7], the validation of the retrieved
data is an important challenge.

The current study validates digital data for the 3-
year frequency of varicella infection (2016-2018) against
the real epidemiological data for the disease incidence in
Bulgaria. We showed that the generated Google Trends
search indexes reflected at a high degree the real inci-
dence of varicella in Bulgaria (positive correlation of
85%). A similarpositive association was received by
Bakker et al. [3]where Internet-related searching behavior
was found to correlate well with the original epidemiol-
ogy of varicella, especially in countries without massive
anti-varicella immunization. We also found an association
between the individual Google searching and the tempo-
ral and spatial pattern of varicella distribution in Bulgaria
– the seasonality of the varicella was almost identicalvia
the traditional and the digital approaches, whilethe cor-
relation between the district incidence and the regional
Google Trends data was less visible but also present.

Finally, in this work, we review the information ob-
tained when searching in Google with a keyword ‘vari-
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cella’ (in Bulgarian). Based on our perception, the major-
ity of the information found by people was scientifically
relevant and correct. We should point out that our study
was performed in a period when the possible recom-
mended implementation of the anti-varicella vaccine has
been discussed in Bulgaria. However, we obtained only
one ’anti-vaccer’ result in the 30 leading Google results,
and it was scientifically based – false statements and popu-
lar anti-vaccer beliefs were not present – it was a petition

against the planned vaccine usage with a list of scientific
publications for cases with adverse effects and reactions
after the vaccination.

CONCLUSIONS
Digital data received by non-epidemiological meth-

ods could be successfully used to study varicella dynamics,
as high correlation exists between the data collected via the
traditional methods and via the new, digital methodology.
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