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Abstract

Dengue is one of the emerging diseases of this cen-
tury, which established itself as both endemic and
epidemic—particularly in the tropical and subtropical-
regions. Because of its high morbidity and mortality
rates, Dengue is a significant economic and health bur-
den for middle to lower-income countries. The lack of
a stable, cost-effective, and suitable surveillance system
has made the identification of dengue zones and design-
ing potential control programs very challenging. As a re-
sult, it is not feasible to assess the effect of the inter-
vention actions properly. Therefore, most of the preven-
tion and mitigation efforts by the associated health of-
ficials are failing. In this work, we chose Bangladesh,
a developing country from the South-East Asia region
with its occasional history of dengue outbreaks and with
a high out-of-pocket medical expenditure, as a use case.
We use some well known data-mining techniques on the
local newspapers, written in Bengali, to unearth valuable
insights and develop a dengue news surveillance sys-
tem. We categorize dengue-news and detect the spatio-
temporal trends among crucial variables. Our technique
provides an f-score of 91.45% and very closely fol-
lows the ground truth of reported cases. Additionally, we
identify the under-reported regions of the country effec-
tively while establishing a meaningful relationship be-
tween complex socio-economic factors and reporting of
dengue.

Introduction
Dengue is one of the emerging arboviral (arthropod-borne
virus) diseases of the family Flaviviridae. Dengue fever can
be caused by any of the four genetically related but anti-
genically distinct dengue virus serotypes. It spreads to hu-
mans, primarily through Aedes Aegypti and Aedes Albopic-
tus, mostly in tropical and subtropical countries (Rigau-Pérez
et al. 1998). This vector-borne disease has already estab-
lished itself as both endemic and epidemic(Spaulding 2016)
while becoming a major public health concern for the low to
middle-income countries due to its high morbidity and mor-
tality rate. According to WHO, an estimated 400 million peo-
ple get dengue infection globally each year.
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Although the virus infection in its initial stage is often
asymptomatic in humans, it can cause a spectrum of clin-
ical manifestations. The infection from one strain doesn’t
provide life-long immunity from the remaining three strains,
and cross-strain infections are often fatal. Currently, there is
a lack of effective and authorized vaccine and medicine for
curing dengue. Furthermore, government efforts to control
dengue transmission through vector control is far from a suc-
cess, especially in the global south, to stop its rapid spread
(Tatem, Hay, and Rogers 2006). Thus, the sustainable con-
trol of the dengue outbreak remains a formidable challenge
to the public health officials and the policymakers around the
world.

With its dense population, socio-economical demogra-
phy, and environmental parameters, emerging diseases like
dengue and chikungunya have become a huge economic and
social burden for Bangladesh, a lower middle-income coun-
try in southeast Asia (Shepard, Undurraga, and Halasa 2013).
In addition, dengue infection has become a severe health is-
sue since its first discovery in Bangladesh in 2000, which had
> 5000 cases and 1.7% case-fatality in three of the major
cities (Dhaka, Chittagong, and Khulna) (Yunus et al. 2001).
In a geographic location like Bangladesh, passive surveil-
lance is insufficient to fight dengue (Low et al. 2015). More-
over, the heterogeneity in the distribution of hospitals and
medical services across the country as well as the tendency of
seeking medical help only when the health condition is very
severe among lower income people (Sharmin et al. 2015)
made the passive surveillance data biased towards selective
demographics. Therefore, we think that there has been a con-
siderable amount of under-reporting from the hospital-based
surveillance, which is eventually misdirecting the dengue
prevention strategies, by the government, in recent years.

In Bangladesh, the control room of Directorate General
of Health Services (DGHS) collects aggregated dengue data
of the patients admitted to the hospitals in the Dhaka city
on a daily basis. For the districts outside of Dhaka, ag-
gregated data is collected from the upazilla (sub-district)
health complexes, and district hospitals including medical
colleges (NIPORT 2017). Additionally, DGHS collects data
through vector surveys three times a year. Centers for Dis-
ease Control and Prevention (CDC) is one of the func-
tional units of the DGHS where Aedes mosquito-borne dis-
eases such as dengue, Chikungunya, and Zika remain as sub-



components under the Malaria Elimination Control Program
(MECP)(Mutsuddy et al. 2019).

In a few related surveillance literature, the researchers
suggested the use of tweets, RSS feeds or search queries
as the data-source for the system. However, countries like
Bangladesh don’t have many Twitter users. At the same time,
most of the people do not use the native language Bengali to
search the internet. Therefore, such approaches are not feasi-
ble in this use-case. Besides, there is no other reliable data-
source in Bengali on the internet other than the local online
newspapers that covers local disease news so thoroughly.

As dengue remains a growing threat, both locally and glob-
ally, an effective dengue surveillance system is essential to
monitor the disease trends correctly, to make timely inter-
ventions, and to establish suitable policies to prevent dengue
infection. But the absence of timely actions against vectors,
lack of fine scale investigations, lack of surveillance, and
under-reported data prompt the need to explore an alterna-
tive surveillance system. In this paper, we present a surveil-
lance system based on the dengue related news published in
Bengali language, in the local online daily newspapers and
investigate its potential as a substitute surveillance system.
One of the main advantages of incorporating online news
sources with traditional surveillance systems is the near real-
time acquisition of information that can significantly expand
the quantity of data obtained from official records(Woodall
1997). In this paper, our main contributions are:

• A corpus of dengue disease and intervention related news:
We collected dengue-related news from 270 online Bengali
newspapers from 2017 to 2019, and developed a corpus of
dengue disease and intervention related news. We analyzed
and explained the corpus, and developed some classifiers;

• An online dengue surveillance system: We design and
develop an online dengue surveillance system using the
related news published on the disease and its interven-
tion in the local newspaper. By analyzing the collected
data from various demographic, environmental and socio-
economic perspectives, we identify the local regions that
are likely deprived of proper government of dengue inter-
vention plans; and

• Filling the gap: From the analysis of the data, we reveal the
gaps in the government and city-corporation intervention
activities.

We make the overall approach as simple as possible, so
that they can be easily embedded into robust light-weight sys-
tems.

Related Work
Newspapers can be a significant source for providing specific
information relevant to disease, such as location, environ-
mental factors, population demographics, societal factors etc
(Villanes et al. 2018). Hence, data mining techniques can be
deployed to perform time-series analysis of disease-specific
queries to detect and monitor outbreaks (Ji, Ritter, and Yen
2017)(Zhang et al. 2018). This can be very useful particu-
larly for the developing countries where local news media
can provide better surveillance data (Schwind et al. 2014).
In a study (Runge-Ranzinger et al. 2008), a systematic re-
view of the gaps in the structure, purpose, and usefulness of
dengue disease surveillance in the dengue-endemic countries

was presented. The author recommended a step-wise adapta-
tion of surveillance in combination with active surveillance.
Furthermore in another study(Runge-Ranzinger et al. 2014),
Runge and his colleagues grouped surveillance systems into
3 groups for endemic countries like Bangladesh. These in-
clude, 1) outbreak prediction or detection through electronic
event/search query; 2) monitoring dengue infection based on
the data received from the passive surveillance; and 3) trend
monitoring based on the syndromic surveillance. For exam-
ple, the European Center for Disease Control (ECDC) uses
VBORNET, a combination of multilingual internet scanning
for disease keywords, information from entomologists and
manual efforts to employ an arthropod vector surveillance for
public health (Braks et al. 2011).

Similarly, Google developed a system that analyzes the
disease-specific search queries performed by common peo-
ple on a daily basis for the early detection of Influenza(Gins-
berg et al. 2009). Another paper discusses an approach of ac-
curate dengue tracking by combining AutoRegressive model
with Google search queries as exogenous variables (Yang
et al. 2017). HealthMap - a well-known web based surveil-
lance tool collects and aggregates data from RSS feeds,
ProMed alerts, GoogleNews, etc for outbreak monitoring
(Freifeld et al. 2008). SourceSeer (Rekatsinas et al. 2015) is
another such tool which uses topic modelling to forecast out-
breaks. Sentinel, also a syndromic surveillance mechanism,
employs CNN and LSTM on twitter data to classify tweets
and discover associated information and patterns (S, erban et
al. 2019). These types of digital surveillance are of great im-
portance to under-developed countries which are often con-
strained by budget and man-power. It can be used as a proxy
to monitor outbreak information, while at the same time be-
ing a potential supplement to early outbreak detection mech-
anisms.

Dataset Preparation
We collected data from multiple sources. Dengue related
records were collected from Access to Information Pro-
gramme (a2i), CDC, IEDCR and DGHS. Together they run a
country-wide program to keep track of dengue patients along
with some other tropical diseases (Mutsuddy et al. 2019). As
the official dengue reports are not available prior to 2017, we
decided to use the similar time period, from January 2017 to
December 2019, for collecting the online news. To collect the
archived daily news, we used the specialized web crawler of
the Bengali Search Engine, Pipilika. To evaluate the proposed
system, we performed a time-series analysis of both the offi-
cially tracked data and newspaper archive to find the similar-
ities and missing information in the officially published data.
We also collected additional data from Bangladesh Bureau
of Statistics (BBS) yearbook and The World Bank to ana-
lyze patterns associated with newspaper data and the socio-
economical situation of different parts of the country.

Furthermore, we follow a systematic approach to filter this
massive news corpus for the selection and classification of
dengue related news. We selected any news that contain the
dengue related words and its chain of infection(CoI) key-
words. We performed a thorough preprocessing of the data
including the removal of stop words, URLs and special char-
acters to standardize the news dataset. As we’re primarily in-
terested in the identification of the degree and deficit of inter-
vention actions in different parts of the country, we separated



Figure 1: Flowchart of the dengue-news classification
method.

the intervention related news and labeled them as a specific
class called, intervention. Remaining dengue news data were
classified in a generic disease class, which contains dengue
infection and patient related news. After analyzing the dataset
under the supervision of a public health expert, we picked
our primary keywords sets, for each of the aforementioned
classes, based on the CoI keywords. Then, to discover any
latent topics within the dengue dataset and expand our key-
words sets, we performed a seed-guided topic modeling using
the seed words from CoI and guided LDA library. This is the
most important part of our methodology. Finally, we sepa-
rated 1,500 dengue news by random sampling, and labelled
them into the mentioned classes. These data were labeled to
perform a semi-supervised text classification to differentiate
between disease and intervention related news. The data la-
belling has been performed by the first two authors of the
paper with a continuous consultation of a public health ex-
pert.

Methods
In our attempts to develop a surveillance system, we first
choose to classify all our available newspaper articles into
two classes. One of which is Intervention Class containing
relevant reports with contexts that indicates cleaning activ-
ities and programs, information on transmission and breed-
ing of dengue disease, mosquito breeding spots, unhygienic
places suitable for vector habitats, infestations in slums etc.
And the other one is Disease Class which includes any report
containing news of the targeted disease (dengue case count,
death ratio, symptoms, daily official reports, virus evolution,
epidemiology, serology etc.) that doesn’t belong to interven-
tion class.

In Figure 1, we present the flowchart of our classification
approach. A major part of the classification task is to extend
our initial seed keyword list of disease and intervention. We
use the technique of human-in-the-loop to extend the seed
word list, using Guided LDA (Jagarlamudi, Daumé III, and
Udupa 2012) and our naive baseline model (a combination of
Jaccard and Cosine similarity metrics).

We used the guided LDA model from the guided LDA li-
brary (Singh 2017) with 80% seed confidence for the initial
seed words. From the top 2,000 keywords of each topic or
class (total 4,000), around 60 relevant new terms were cho-
sen, which ultimately expanded the keyword set by ∼ 1.5x
times. This was done by randomly producing a keyword set
of different length for each class, running them on the base-
line model, and calculating the accuracy. We continue this
process until we achieve a performance threshold for which
the last improvement was < ε. The final keyword set im-
proved the accuracy of the baseline model from 78% to
82.4% .

Finally, we used the enhanced keyword set as vocabulary

to the tf-idf and count vectorizers and fit the news represen-
tation on our dataset. We then separately trained three dif-
ferent models for each representation on these news vectors
and evaluated them using standard machine learning metrics.
We chose three widely used classification approaches, 1) K-
nearest neighbor (KNN), 2) Multinomial Naive Bayes, and
3) Support Vector Machine (SVM). According to our experi-
ments, SVM classifier together with CountVectorizer outper-
forms other models. For the SVM classifier, we have fur-
ther used a Binary classification approach with on-average
89.55% F1-score and a OnevsRest classification approach
with 91.45% F1-score.

Results
To find the viability of using newspaper surveillance in
Bangladesh, we explore the various socioeconomic and de-
mographic factors associated with dengue incidence. We ap-
plied the classification methodology described in the previ-
ous section on a large corpus of approximately 38,000 news
articles. We used the output to explore the relationship be-
tween local newspaper reports and aforementioned factors.
Thus, we try to shed light on the effect and deficit of existing
dengue control mechanism.

Previous studies suggest that the risk of dengue transmis-
sion varies over space and time (Banu et al. 2012). Therefore,
identification of high-risk areas can be useful for prioritising
dengue surveillance and vector control efforts in areas where
they are most needed. Bangladesh has 64 districts with 8 divi-
sions (i.e., states). In Figure 2, dengue news reported on local
and national online portals and the official dengue count is
shown for each of these districts for the year 2019. In the
plot, it is visible that the divisional districts, such as Dhaka,
Chittagong, Rajshahi, Sylhet, Khulna, Barisal, Mymensingh
and Rangpur, tend to have a higher number of news report-
ing than other districts. These districts are known as the eco-
nomic hubs of the country. This is likely due to the general
practice followed by newspapers, which predominantly fo-
cuses on the issues regarding their core urban readers. Addi-
tionally, dengue cases and news frequency both have a signif-
icantly high Pearson correlation score with the population of
each district, but the R2 value of respective relations are quite
low (69% and 82%). We choose the number of institutional
households and the number of general households per district
as a measure for the socioeconomic status of each region, and
these two factors have significant R2 and Pearson value with
news frequency (82% and 91% , 66% and 81%). This analy-
sis shows us that even though it is usually expected that news
frequency will follow the areas with more population, but in
reality, the economical importance of an area also plays a ma-
jor role. Consequently, the high correlation and R2 score for
the dengue cases, and the news count per district tell us that
newspapers can be a potential source for surveillance system
for the entire country (88% and 86%).

In a more granular level, the number of officially recorded
dengue cases reached 53,316 in the capital city Dhaka, which
was higher than all other districts combined. Dhaka is subdi-
vided into 40 different areas or thanas. According to a recent
survey (brac ), the south-western parts of the city have a high
number of unhygienic slums and dense population with poor
living arrangements. These are the areas where we expect
a high number of dengue cases. However, from the official
IEDCR dengue case distribution map presented in the Figure




