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ABSTRACT

Objectives The study was focused on geographical mapping
of dengue cases and also to identify the hotspots or high-risk
areas of dengue in Delhi.

Design A retrospective spatial-temporal (ecological) study.
Descriptive analysis was used to know the distribution of
dengue cases by age, sex, seasons and districts of Delhi. The
spatiotemporal analysis was performed using inverse distance
weighting and Getis-Ord Gi* statistic to know the geographical
distribution and identify the hotspot areas.

Settings All the confirmed and diagnosed dengue cases (IgM
+veor NS1 Antigen +ve ELISA) recorded by the Municipal
Corporation of Delhi for the last 4 years (2015-2018) were
collected with their local address. The location of all the dengue
cases was geocoded using their address to prepare the
spatiotemporal dengue database.

Participants Record of all the dengue cases (4179) reported
for treatment in the hospitals during the past 4 years were
extracted and included in the study. Data were not collected
directly from dengue patients.

Results Seasonal occurrence of dengue cases (4179) shows
that the cases start emerging in July, peaked in September—
October and declined in December. The proportions of dengue
cases were recorded high among the males 57.3% compared
with females 42.6%, and differences were also recorded in all
the age groups with more cases in age groups <15and 16-30
years. Mapping of the cases reflects the spatial heterogeneity
in the geographical distribution. The geomapping of cases
indicates the presence of a significantly high number of cases
in West, Southwest, South and Southeast districts of Delhi.
High-risk areas or hotspots were also identified in this region.
Conclusion Dengue occurrence shows significant association
with age, sex and seasons. The spatial analysis identified

the high-risk areas, which can aid health administrators

to take necessary action for prevention and better disease
management.

INTRODUCTION

Dengue is a tropical and subtropical disease
which is primarily transmitted to humans by
the female Aedes mosquito species Aedes aegypti
and Aedes albopictus. Dengue is caused by a virus
of the Flaviviridae family (DEN 1-4) and infec-
tion with DENV may lead to varying degrees of
pathological conditions which may turn fatal.'
Dengue is endemic in more than 100 coun-
tries in Asia (including Southeast Asia), the
Pacific (particularly Western Pacific), Eastern
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Strengths and limitations of this study

» The study collected all the clinically confirmed den-
gue cases recorded in the last 4 years in Delhi and
identified their geographical locations.

» The proposed research is geographical mapping and
the spatial analysis of dengue cases to identify the
geographical clustering and local hotspots in Delhi.

» Investigation and identified hotspots could be main
outcome for targeted intervention to control vectors
and dengue transmission in the identified high inci-
dence dengue areas.

» The environmental and socioeconomic factors could
be the reason of high and low transmission of dis-
ease, but it was not exploered in this study.

» Spatiotemporal analysis may not be useful if dengue
cases are distributed randomly in the geographical
areas.

Mediterranean, the USA, Africa and the Carib-
bean.? Currently, 2.5billion people are living in
high-risk areas of dengue and about 100million
cases reported every year.”* According to WHO,
the 500000 cases progress to dengue haemor-
rhagic fever (DHF) with approximately 22000
deaths.” The endemic areas of dengue fever is
rapidly spreading and becoming a global burden
affecting over half the world’s population.’

In India, the first outbreak of dengue fever
was reported during 1963 in Kolkata, and subse-
quently, the dengue fever epidemic occurred
in the eastern coast of India during 1963-1964,
which was virologically proved.”” The dengue
infection expanded northwards to Delhi in 1967
and later, the entire country had epidemics
followed by endemic or hyperendemic preva-
lence. After 1967, the major outbreaks of dengue
in Delhi were reported in 1996, and thereafter,
it was frequently reported in 2003, 2006, 2010
and 2018, 2015.1%12 Globalisation, urbanisation,
poor disease control activities are some of the
important reasons for the increase of dengue'
in Delhi.

Various studies indicate that dengue continues
to be an important public health problem in
India, as evidenced by the high proportion of
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dengue positivity, severity and case fatality.'* The increasing
problem of dengue necessitates reforming the control strat-
egies and taking a timely intervention to prevent future
epidemics. In the present scenario, disease control has been
focused on measures to control the mosquito vectors, but it
has had limited effectiveness in preventing dengue fever trans-
mission.”” Currently, geographical information system (GIS)
techniques have been used widely to study issues of public
health. Detection of disease by integrating spatial patterns,
identifying unusual aggregations (hotspots) of epidemiolog-
ical events and the forecasting of high-risk areas of disease
transmission is possible on the GIS platform.'® Several studies
related to DHF have been conducted by some researchers
but it was not focused on the spread/spatial distribution of
dengue in the region.*"! Thus, an analysis of the registered
dengue cases and an identification of risk patterns become
necessary.

The spatial distribution of dengue fever in Delhi is a
complex process and remains unexplored. The present
study aims to know the temporal variation and identify the
geospatial clustering and hotspots of dengue cases using
the GIS Spatial-temporal analysis. The identification of the
geographical location of hotspots will be used to avert the
spread of dengue disease by ensuring timely preventive and
control measures and also to reduce morbidity and mortality.

METHODS

Study area

Delhi, the National Capital Territory of Delhi (figure 1),
is one of the largest city and densely populated state of
the country covering an area of 1484 km®, and population
16787941with density 11320 persons per km?® (Census
2011). Delhi is divided into eleven districts(figure 1)
which varies widely by areas (21-443km?), population
(582320-3656539 persons) and density (4047-27730
persons/km®). Delhi experiences tropical steppe type of

DELHI

DISTRICT MAP

INDIA

HARYANA

SOUTH
LEGEND |

rrrrr State Boundary
- District Boungary

@ DistrictHQ
~— River

»z

Figure 1 Geographical map of Delhi, India.

climate and seasons are marked with extreme tempera-
tures ranging from 2°C to 47°C, average rainfalls of
886 mm per annum. Monsoon period is from July to mid-
September when the climate remains wet and humid. The
main reasons for selecting Delhi as the study site, because
it has reported a large number of dengue cases every
year (2015-2018) and become hyperendemic.'” '* Also,
Delhi has the highest population density and the city has
recorded high growth in the population during the last
two decades, which was mainly due to high migration and
increasing urbanisation. Both population density and
rapid urbanisation are critical for dengue transmission in
Delhi.

Source of data collection

As dengue is a notifiable disease, all laboratory diagnosed
positive cases (IgM +ve or NS1 Antigen +ve ELISA) were
reported and recorded with the name of the hospital,
location of the case (name of colony/street, subdivision
and districts) with the date of notification of confirmed
dengue cases by the health administration of Delhi.
More than 80% of cases were admitted in the hospital
as inpatients and rest of them taken treatment as outpa-
tients, but all are diagnosed and received treatment from
the hospital. Computerised data of dengue cases were
obtained from January 2015 to December 2018 (4 years)
from the Municipal Corporation of Delhi, a government
administration maintaining the data. The seroepide-
miological data provide information of locally acquired
dengue confirmed cases with age (ranging from 0 to 92
years), sex (male/female), locality of residence (smaller
area of subdivision of districts identified form the location
information of each dengue cases), the hospital name
(government hospital/private hospital), date of admis-
sion (recorded for more than 80% of cases), date of noti-
fication of all cases, including IgM +ve/NS1 antigen +ve
by ELISA as confirmation of Dengue. The data required
for the study were extracted from the main database and
all clinically confirmed positive cases with other informa-
tion were included in the analysis.

All the dengue cases included in the study were
recorded as clinically confirmed as the non-structural
glycoprotein-1 was tested positive in the ELISA or serology
DENV IgM and IgG titres were determined positive by
ELISA. This is also according to the WHO guideline of
confirmed dengue cases.

Data analysis

Descriptive analysis was used to know the epidemiolog-
ical distribution of dengue cases by age, sex and seasonal
pattern (monthly), and district-wise distribution of cases
in different years. The ¥ test was used to know the associ-
ation of age, sex, seasons and districts with the proportion
of dengue cases. The location information comprises the
name of the district, within the district name of subdi-
vision, and also within subdivision the name of colony/
street/sector (smaller are of subdivision) which was
used to prepare geocode for location of dengue cases.
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However, it is possible to have the same geocode for
more than one cases if more number of cases recorded
from the same location. Also, there may be some loca-
tion/area where no case was recorded, but that has been
taken care of by the GIS software in the analysis. All the
point locations of dengue cases were referenced to their
location for geospatial analysis using the geocoded (lati-
tude and longitude coordinates obtained for each case)
information and Google maps (www.google.co.in/maps).
The point shapefile was prepared using ArcGIS (www.esri.
com). The IBM SPSS V.23 was used for descriptive anal-
ysis of data.

The spatial and temporal analysis was performed using
the inverse distance weighted (IDW) interpolation using
ArcGIS. The power was used two for IDW and search
index was variable (options used for analysis). The IDW
assumes that each input point has a local influence that
decreases with distance, and weights the points closer to
the processing points more than those farther away.'?
Spatial autocorrelation analysis was also used to test the
spatial distribution of cases over geographical space
(using aggregated cases in each district of Delhi). The
hotspot analysis or GetisOrd Gi*statistic (a spatial statistics

tool) in ArcGIS was used to identify the significant clus-
ters with a high frequency of dengue cases. According to
the spread of point location of cases, the distance band or
threshold value was taken as default by the software. The
Getis-Ord Gi* used to test for autocorrelation for each
year and indicate significant hotspots (p<0.05).%**

Patients and public involvement
The patients and the public were not involved in the
design or planning of the study.

RESULTS

Of 4719 total confirmed dengue cases, the highest
number of cases (3189) was recorded in 2015, but it was
declined in 2016 (545 cases), again slightly increased in
2017 (706 cases), and there was a sharp decline in 2018
(279 cases). Dengue cases according to sex, age, seasons
and districts of Delhi are presented in table 1. Dengue
cases in males were comparatively higher than females
in all the 4years. It was 60.0% males and 40.0% females
in 2015; 52.8% males and 47.2% females in 2016; 58.5%
males and 41.5% females in 2017; and 58.1% males and

Table 1 Annual distribution of dengue cases by age, sex, season and districts in Delhi (2015-2018), India

Dengue cases reported (%)

2015 2016 2017 2018
Variables (N=3189) (N=545) (N=706) (N=279) 1 test
Gender
Female 39.90 (1274) 47.20(257) 40.20(284) 45.20(126) 12.12*
Male 60.10 (1915) 52.80(288) 59.80(422) 54.80(153)
Age (years)
<15 32.7 (1043) 31.9(174) 29.9 (211) 31.5(88) 67.6"
16-30 39.0 (1244) 34.3 (187) 35.3 (249) 36.6 (102)
31-45 17.7 (564) 18.2 (99) 20.4 (144) 18.3 (51)
>45 10.6 (338) 15.6 (85) 14.4 (102) 13.6 (38)
Season
Premonsoon (January—May) 0.2 (6) 1.3(7) 0.8 (6) 2.5(7) 186.9"*
Monsoon (June-September) 66.2 (2111) 76.1 (415) 61.8 (436) 33.3 (93)
Postmonsoon (October-December) 33.6 (1072) 22.6 (123) 37.4 (264) 64.2 (179)
District
Southwest 38.7 (1234) 31.0 (169) 41.9 (296) 36.6 (102) 46.9**
South 22.9 (730) 30.8 (168) 22.5 (159) 27.2 (76)
West 19.5 (622) 16.0 (87) 19.1 (135) 20.8 (58)
Southeast 7.6 (242) 12.1 (66) 7.9 (56) 6.1 (17)
Otherst 11.3 (361) 10.1 (55) 8.6 (61) 9.3 (26)
Annual incidence of denguet (per 100000) 17.4 2.92 3.71 1.44 3288.2***
Global Moran’s | index 0.10 0.09 0.08 0.06
Getis Z score§ 2.03-11.42* 2.26-8.43* 2.61-7.99* 2.27-5.42*
*P<0.05, **p<0.01, **p<0.001.
TIncludes the remaining seven districts (New Delhi, East, North, Northeast, Northwest, Shadra and Central Delhi).
FUsed projected population of Delhi.
§All identified significant hot spots (p<0.05).
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Figure 2 Monthly distribution of dengue cases in Delhi for
four years (2015-2018).

41.9% females in 2018. The occurrence of dengue cases
by sex and years was significantly associated (p<0.001).
Though dengue cases were quite prevalent in all age
groups, it was comparatively high in the age groups of
<l5and 16-30 years compared with other age groups.
The pattern of cases by age groups was similar in all the
4years. Association of occurrence of dengue cases by age
and years was recorded significant (p<0.001).

The seasonal pattern of disease occurrence indicates
that the dengue cases started emerging mainly in June-
July during the monsoon season increased gradually
to a high peak in September—October during the post-
monsoon period and thereafter, declined and reached
a lowest in November-December during early winter
(figure 2). Cases reported in September was high in 2015
and 2016, but it was shifted to October in 2017 and 2018.
The association of occurrence cases with season and years
was also significant (p<0.001). High annual incidence of
dengue (per 100000) was recorded (17.4) in 2015, but it
was declining to 1.44 in 2018 and ¥* (trend) was signifi-
cant (p<0.001). The four districts of Delhi recorded about
90% of dengue cases viz Southwest, South, West and
Southeast Delhi; and remaining seven districts contrib-
uted only 10% of cases in each year, respectively (table 1).

Spatial analysis

The spatial analysis of dengue cases presents the geograph-
ical map of cases in Delhi according to their location
for each year (figure 3). The dengue cases were mainly
concentrated in Southwest, South, West and Southeast
districts of Delhi. However, the intensity of cases in those
districts was high in 2015, but it was low in the year 2016—
2018. The spatial autocorrelation measured by Moran’s
I (global) was positive for all the 4years as presented in
table 1, but it was not high (0.098 for 2015, 0.089 for 2016,
0.080 for 2017 and 0.059 for 2018). Geospatial maps with
the intensity of disease were generated by using the IDW
and presented in figure 4. The high and low concentra-
tion of weighted cases depicted in a choropleth map. The
presence of a high concentration of cases in the region

2018
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Figure 3 Spatial distribution and geographical location of
concerted dengue cases in Delhi (2015-2018).

of Southwest and West districts of Delhi was revealed in
map with differences in coverage areas highlighted in red
and yellow colour. Cases in some region of Southwest and
East districts of Delhi were also observed in 2015, 2016
and 2017.

Hotspot analysis-Getis

The geographical location of the hotspots of dengue
cases was identified by Getis-Ord Gi and presented on
the map of Delhi separately for each year (figure 5).
Hotspot analysis indicates that 14 hotspots with 95% CI
(5 in Southwest, 5 in West and 4 in Southeast district)

2015 2016
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Value <15
| K B <>
<> <

Figure 4 Spatial analysis showing the geographical area
under high and low clustering of dengue cases in Delhi
2015-2018.
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Figure 5 Geties significant hotspots areas of dengue in
Delhi 2015-2018.

were identified for 2015; six hotspots with 95% CI (one
in West, one in Southwest and four in Southeast district)
in 2016; eight hotspots with 95% CI (one in Northwest,
two in Southwest, three in West, one each in South and
Southeast districts) in 2017; and four hotspots (two in
Southwest and two in West) in 2018 in Delhi. These iden-
tified hotspot areas are the smaller region of the district
which can be mapped as an urban ward or urban village
or slum areas.

DISCUSSION

Dengue cases recorded in the last 4years (2015-2018)
indicates a declining trend which was possibly due to
increasing health awareness among the people and
systematic control measures taken by the government.
But it was reported every year from different parts of
Delhi and remains as a major public health problem
in Delhi. The analysis revealed the gender association
with occurrence dengue cases. Male and female ratio of
dengue cases in India was reported 1.9:1, 1:0.57 and 2.5:1
in different studies,”* which was comparable to our
findings (1.4:1). The high proportion of cases recorded
among males compared with females was also reported
from Saudi Arabia, Cambodia, Malaysia, Sri Lanka, Singa-
pore, the Philippines including India which was possibly
due to more exposure of outdoor work by male’s increases
the risk of mosquitoes bites.'” 2%

The association of age with the occurrence of dengue
cases was significant and more cases recorded in the
younger (<lbyears) and adult age . Study in Gujarat
also reported that the proportion of cases among chil-
dren up to age 14 was high (26.2%) compared with age
group 15-44years (17.83%).” The reason behind the high

incidence in younger age was possibly due to the cocircu-
lation of multiple serotypes of dengue increases disease
susceptibility.”! However, more cases in the adult were
possibly due to more exposure infection during outdoor
working activities.*’

The occurrence of dengue cases was associated with
seasons which were also reported by other studies from
Gujarat and Delhi.'” * Increasing number of cases during
the postmonsoon and peak in September—October was
also reported by others.'” *® This was mainly due to more
breeding sites in the stagnant water after the monsoon,
which, in turn, leads to an increase in the number of
mosquitoes hatching. However, high rainfall during
monsoon has also a decreasing effect on mosquito density
due to washout of breeding sites.”

The spatial and temporal analysis of dengue cases in
Delhi shows the spatial diffusion patterns and significant
variation in the spatial distribution enabling identification
of hotspots dengue areas. The areas under the hotspots
and its number have been reduced every year from 2015
to 2018. But the occurrence of disease confined to the
same geographical areas in the southern region of Delhi
with some common hotspots in all the 4years. A study
conducted in 2017 showed the occurrence of dengue
cases simultaneously in the same district or adjacent
districts in India.** The presence of dengue cases was
mainly confined to four districts of Delhi, namely South,
Southwest, West and Southeast in all 4years with varying
disease intensity as reported by others.'® Spatial distribu-
tion of dengue cases with the significant pattern of clus-
tering was inevitable as the human population generally
live in spatial clusters rather than randomly distributed
in space.34

Overall, it is evident that still there are some hotspots
which remain as high-risk areas of dengue in Delhi.
Identification of hotspots and high-risk areas are useful
for targeting the intervention to control of vectorborne
disease such as dengue'® * by incrimination of the
mosquito vectors. Such identification has operational
implication to detect and respond with a proper surveil-
lance system '® for better control of dengue.

The findings of the study have some limitation as
it is based on the analysis of reported data of dengue
cases provided by public and private hospitals of Delhi.
Although dengue is a notifiable disease and became
mandatory to record all the cases reported to the hospi-
tals, underreporting of dengue cases may be possible
which may have some effect on the overall outcome of
the study. But the area identified as hotspots may not be
changed.

As no medicine or any vaccine is available for the
treatment of dengue fever (WHO 2010), the reduc-
tions of vector breeding habitats are the best approach
to control the disease epidemics. The spatial-temporal
analysis of dengue cases useful in identifying the hotspots
in Delhi which can be mapped geographically as high-
risk areas and timely action may be taken for preven-
tion and control of dengue. The findings of the spatial
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analysis are useful for targeted intervention to control the
dengue in hotspots areas and also to combat the spread of
dengue. This can be achieved by sharing the findings and
discussing its advantages with the local health administra-
tion and dengue control team of Delhi.
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