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IntrOductIOn
Dengue is an arboviral disease that continues to expand its 
geographical realm. Its global expansion has reached nearly 
30 folds in the last 50 years [1]. The disease is primarily spread by 
Aedes aegypti mosquitoes, which transmit any of the four serotypes 
of dengue virus [2]. There are 390 million cases reported every 
year with 3.9 billion people living in risk zones in 128 countries 
[3]. The disease often results in flu-like illness with some cases 
progressing to Dengue Haemorrhagic Fever (DHF) and Dengue 
Shock Syndrome (DSS), which can result in death. As of 2019, 
United States Food and Drug Administration have approved 
Dengvaxia, a live recombinant tetravalent vaccine produced by 
Sanofi-Pasteur and licensed in 20 countries but yet to be introduced 
in India [4]. Earlier Clinicians relied primarily on supportive therapy 
for treatment of dengue [5]. The spread of dengue is influenced 
by several human factors like large-scale migration of populations 
from rural to urban areas that might result in overcrowding in 
small spaces without development of proper civic infrastructure 
[6]. The disease shows a clear seasonal pattern with most cases 
being reported around the monsoon season, which is conducive 
for breeding of mosquitoes [7]. India is one of the most endemic 
countries in the world that witnesses dengue outbreaks almost 
every monsoon season. Nearly, 190,000 cases were reported in 
2017 alone [8]. These cases represent the tip of the iceberg, as 
nearly 99% of the cases are not recorded by the NVBDCP, the 
official government body for collection of disease surveillance 
data [9]. There are several lacunae in correctly diagnosing and 
reporting cases of dengue infection. Passive surveillance system 
as established in India is unable to detect asymptomatic cases 
and those with undifferentiated febrile illnesses [10]. In several 
cases with mild symptoms, the infection is resolved within a week 
ruling out the visit to a health care provider [11].

India has seen a rise in socio-economic status of its population 
indicated by better living standards and access to modern 
technology like internet usage and smartphones. This has changed 
the way people handle day-to-day life, including access to health 
related information. Nearly, 30% of India’s population is using the 
internet with maximum usage in the cities of Mumbai and Delhi [12]. 
Web queries and internet based searches might be able to give an 
idea about the extent of disease and provide supportive information 
in addition to lab based diagnostic methods [13]. Analysing localised 
search patterns for disease-associated keywords could be a faster 
approach as compared to traditional surveillance method for that 
particular region. Several reports have been published that employs 
Google trends for such analysis giving an indication about their 
spread [14-17].

The aim of this study was to analyse the correlation between annual 
Google trends for dengue in India and disease incidence for the 
time period starting from the year 2004 to 2017.

MAterIAls And MethOds
The dengue incidence data was collected for the time period of 
1st January 2004 to 31st December 2017. The data for dengue 
incidence for India was obtained in 2018 from NVBDCP (https://
www.nvbdcp.gov.in) which is the repository of all epidemiological 
data pertaining to vector borne diseases from India and is 
updated on a monthly basis. Retrospective yearly data for the 
past 14 years from 2004 to 2017 was collected. Yearly Google 
trends data associated with the selected keyword “dengue” in 
English was obtained by setting the location parameter to India 
and time period from 2004 to 2017. The output was provided 
as Relative Search Volume (RSV) for each month for every year 
in Comma-Separated Values (CSV) file. The monthly RSV was 
added for each year to provide total RSV. The data was finally 
compiled in Excel sheets.
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ABstrAct
Introduction: Dengue has become an endemic problem in 
India with frequent outbreaks reported from several parts of 
the country every year. A passive surveillance system is unable 
to deal with the mounting number of cases every year. In the 
last couple of years the internet has become a valuable tool to 
access healthcare related information.

Aim: To analyse the correlation between dengue cases reported 
every year and annual Internet search data for the term “dengue” 
obtained via Google trends.

Materials and Methods: Dengue incidence data was collected 
from the National Vector Borne Disease Control Programme 
(NVBDCP) database alongside relative search volumes from 
Google trends for the term “dengue” and correlation was 
estimated by calculating Pearson’s correlation coefficient.

results: The data was analysed from the year 2004 up to year 
2017. In this period, a total of 693,318 cases of dengue were 
reported from India. Relative search volume for dengue searches 
on Google trends was found to be highly correlated with dengue 
incidence data. Google trends indicate a seasonal pattern 
showing maximum search volume in the monsoon months, 
which also coincides with most dengue cases. Internet based 
searches and Google trends can be used in addition to traditional 
surveillance methods for predicting disease outbreaks.

conclusion: The analysis shows an overall strong positive 
correlation between incidence of dengue cases and Google 
trends indicating the usefulness of internet searches in gathering 
healthcare related information during the time of outbreaks. 
Internet based searches could be an additional tool along with 
classical surveillance methods for accurately predicting disease 
outbreaks in resource poor settings.
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surveillance system is required that targets symptomatic and 
asymptomatic febrile illnesses during monsoon season. Recent 
reports suggest that nearly 99% cases of dengue in India go 
unreported and the true scale of economic and social cost of 
disease could be much higher [9,10]. Disease surveillance is still 
dependent on traditional laboratory based methods that relies on 
the sera of symptomatic individuals showing the presence of IgM 
antibodies. Asymptomatic individuals may not visit health centres 
thus remaining unnoticed by the surveillance methods currently 
employed. Also, many Indians rely on traditional medicine like 
Ayurveda for several ailments and might remain undetected by a 
passive surveillance system.

India is gradually expanding its internet coverage with nearly 51% 
penetration in urban areas and 16% penetration in rural areas. Sixty-
five percent of Indians below the age of 35 years are increasingly 
relying on the internet for travel, trade and availing basic amenities 

stAtIstIcAl AnAlysIs
Pearson correlation coefficient and coefficient of determination was 
calculated using StatPlus software to identify correlation between 
annual dengue cases and annual dengue trends on Google.

results
Retrospective data obtained from year 2004-2017 indicated a total 
of 693,318 cases with 2272 deaths over a period of 14 years. 
Maximum number of cases (188,401) and maximum number of 
deaths (325) were reported from the year 2017 [Table/Fig-1].

Year Dengue cases Dengue deaths Google trends data (RSV)

2004 4153 45 48

2005 11985 157 73

2006 12317 184 164

2007 5534 69 58

2008 12561 80 62

2009 15535 96 72

2010 28292 110 147

2011 18860 169 56

2012 50222 242 138

2013 75808 193 131

2014 40571 137 95

2015 99913 220 198

2016 129166 245 181

2017 188401 325 213

Total 693318 2272 1636

[table/Fig-1]: Annual number (N) of dengue cases and dengue deaths as reported 
by NVBDCP from India and RSV as reported by Google trends.

Data from internet searches using Google trends data indicated an 
overlapping pattern with the number of cases reported [Table/Fig-2]. 
In any given year, the searches peaked in the months of September 
and October, which is also the time when most cases of dengue are 
reported. Statistical analysis between Google trends and annually 
reported cases of dengue indicated a Pearson correlation coefficient 
of 0.81 with p<0.05, indicating a strong overall positive correlation 
between the two data sets.

Dengue cases vs. 
google search data

Dengue deaths vs. 
Google search data

R (Pearson correlation coefficient) 0.81 0.82

R-squared (Coefficient of determination) 0.76 0.94

Adjusted R-squared 0.76 0.94

N 14 14

p-value 0.0004 0.0003

[table/Fig-2]: Statistical analysis between dengue cases/deaths and Google search 
trends.

The overall coefficient of determination for this calculation was 
0.76. Analysis of Pearson correlation coefficient and coefficient of 
determination between deaths due to dengue and Google trends 
was also done. Here also, a strong overall positive correlation 
between internet searches and dengue deaths was found with 
Pearson correlation coefficient as 0.82 with p<0.05. The coefficient 
of determination for this analysis was 0.94. [Table/Fig-3] describes 
weekly google search patterns for the last six years. [Table/Fig-4,5] 
shows patterns of dengue incidence and deaths.

dIscussIOn
Dengue incidence has increased manifold during the last several 
years with India contributing significantly to global disease burden. 
In the absence of any therapeutic intervention or vaccines, disease 
management relies on supportive therapy and control of vector 
population [11]. For this to become effective, a robust and active 

[table/Fig-3]: Weekly Google search patterns for the last six years (2012-2017).

[table/Fig-5]: Overlapping patterns of deaths due to dengue and Google 
search trends.

[table/Fig-4]: Overlapping patterns of dengue incidence and Google search trends.
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of life [18]. India is also one of the largest users of smartphones. 
Health information seeking behaviour has also changed with many 
using internet for health related queries before visiting a doctor. 
Several studies have looked at the correlation of disease outbreaks 
and internet searches analysing and comparing spread of disease 
with health information seeking behaviour [19,20]. Such studies 
have shown a strong correlation between the spread of disease and 
internet traffic about the keywords associated with that disease. The 
current study also indicates a strong positive correlation between 
dengue Google trends and annual dengue cases reported from 
India. Also, the Google searches peaked at the time of maximum 
disease spread i.e., from the months of August to October, possibly 
due to people searching for these items and dengue related stories 
that are covered extensively by the media. Despite an overall 30% 
user base for the internet, in a country of 1.3 billion people, Google 
based searches quite impressively reflected the dengue incidence. 
Keeping an eye on the internet data traffic for monitoring and 
surveillance of disease outbreak can help prepare health agencies 
in advance when lab based diagnostic tests might take time.

lIMItAtIOn
The present study has some limitation as Google trends only captures 
search patterns of a segment of the population that is using the 
internet and know how to communicate in English. Though Google 
is one of the most widely used search engines, the present study 
did not look at other search engines. Only annual cases of dengue 
are available publicly from NVBDCP. A weekly break-up of reported 
cases would have been accurate in predicting disease outbreak at 
least a few days in advance.

cOnclusIOn
Our study indicates a strong correlation between internet searches 
and number of dengue cases being reported, highlighting the role of 
internet based searches as an effective tool in disease surveillance 
and predicting disease outbreaks in addition to conventionally 
available methods.
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