
INTRODUCTION

Dengue is now an established public health problem
in India. Dengue epidemics are now more frequent, larger
in size and with a higher proportion of severe cases in
successive years. Annual dengue cases and deaths reported
in India showed increase from 12,561 cases and 80 deaths
in 2008 to 74,154 cases and 167 deaths in 20131. Dengue
cases are being reported in Madhya Pradesh since 2006,
however in Bhopal it was first reported in the year 20082.
In 2009, a dengue outbreak occurred in the Bhopal City
recording 433 cases and two deaths2. In the year 2014, a
large number of dengue cases were reported to District
Unit of Integrated Disease Surveillance Programme
(IDSP), Bhopal. Majority of these cases occurred between
June and December months of the year.

Dengue epidemics have been linked to various cli-

J Vector Borne Dis 53, September 2016, pp. 225–233

A study of spatial and meteorological determinants of dengue outbreak in
Bhopal City in 2014

Abhijit Pakhare1, Yogesh Sabde2, Ankur Joshi3, Rashmi Jain4, Arun Kokane1 & Rajnish Joshi5

1Department of Community and Family Medicine, All India Institute of Medical Sciences, Bhopal; 2National Institute of Research in
Environmental Health, Bhopal; 3Department of Community and Family Medicine, All India Institute of Medical Sciences, Rishikesh; 4District
Epidemiologist, IDSP District Surveillance Unit, Bhopal; 5Department of General Medicine, All India Institute of Medical Sciences, Bhopal,
India

ABSTRACT

Background & objectives: Dengue epidemics have been linked to various climatic and environmental factors.
Dengue cases are often found in clusters; identification of these clusters in early phase of epidemic can help in
efficient control by implementing suitable public health interventions. In year 2014, Bhopal City in Madhya
Pradesh, India witnessed an outbreak of dengue with 729 recorded cases. This study reports spatial and
meteorological determinants and, demographic and clinical characteristics of the dengue outbreak in Bhopal City.

Methods: A cross-sectional survey of all confirmed cases reported to District Unit of Integrated Disease Surveillance
Programme (IDSP), Bhopal was carried out during June to December 2014. Data pertaining to clinical
manifestations, health seeking and expenditure were collected by visiting patient’s residence. Geographic locations
were recorded through GPS enabled mobile phones. Meteorological data was obtained from Indian Meteorological
Department website. Multiple linear regression analysis was used to test influence of meteorological variables on
number of cases. Clustering was investigated using average nearest neighbour tool and hot-spot analysis or Getis-
Ord Gi*statistic was calculated using ArcMap 10.

Results: The incidence of confirmed dengue as per IDSP reporting was 38/100,000 population (95% CI, 35.2–
40.7), with at least one case reported from 73 (86%) of the total 85 wards. Diurnal temperature variation, relative
humidity and rainfall were found to be statistically significant predictors of number of dengue cases on multiple
linear regressions. Statistically significant hot-spots and cold-spots among wards were identified according to
dengue case density.

Interpretation & conclusion: Seasonal meteorological changes and sustained vector breeding contributed to the dengue
epidemic in the post-monsoon period. Cases were found in geographic clusters, and therefore, findings of this study
reiterate the importance of spatial analysis for understanding the pace of outbreak and identification of hot-spots.
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matic factors like temperature (15–33.2°C), increased pre-
cipitation, increased humidity and diurnal temperature
variation coupled with household level risk factors like
presence of uncovered water containers, infrequent clean-
ing of water containers and waste disposal, etc3. These
factors facilitate increase in vector population leading to
dengue epidemics. Spatial information on dengue out-
break would help in identification of high priority areas
for public health interventions. This study was undertaken
to identify the spatial and meteorological determinants
and, demographic and clinical characteristics of dengue
outbreak which occurred during 2014 in Bhopal City.

MATERIAL & METHODS

Study settings, design and period
Bhopal is a capital city of Madhya Pradesh state

(23.2500° N, 77.4167° E) spread over 285 km2. Its total
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population is 1.9 million (Census of India 2011), and is
divided into 85 wards, which are administrative and health
service delivery units. Public health facilities in the city
test dengue suspects (fever > five days, and where initial
test for malaria is negative) using IgM capture ELISA.
This testing is available for all individuals who either
present themselves or are referred to the testing facilities
by public or private care providers. Integrated disease
surveillance programme unit in Bhopal maintains a list
of individuals with confirmed dengue infection
(defined as presence of fever, and a positive test result
for IgM capture ELISA). This list has information about
age, gender, detailed address, and date of reporting of the
patient. In year 2014, a total of 729 such cases were re-
ported to IDSP. We designed a community-based cross-
sectional survey of confirmed dengue cases in Bhopal.
The study was conducted between June and December
2014, till the last documented case reported for the year.

Ethical issue
The study protocol was approved by the Institutional

Ethics Committee. A written informed consent was ob-
tained from all individuals or their parents (in case of
minors) for participating in the study. Patients and their
relatives were given health education about dengue pre-
vention, treatment in particular and vector-borne/commu-
nicable diseases in general.

Participants
A list of all confirmed dengue cases was obtained

from IDSP unit, Bhopal in September 2014, and this list
was updated every fortnight till December 2014. The last
dengue case reported to IDSP in 2014 was on 28 Decem-
ber and no subsequent cases were reported in next one
month, and 2014 outbreak was considered to be over. All
the reported individuals were included for the spatial and
temporal component of the study. Cases reported on or
before 31 October 2014 were included in epidemiologi-
cal component of the study. Since, the information was
to be collected through face-to-face interviews, logistics
did not permit us to include more cases. The individuals,
who were either not-contactable at home or denied con-
sent to participate in the study were excluded.

Procedures and sources of information
In spatial and temporal component of the study, in-

formation about onset of the disease and locality of the
individuals was collected. The information about onset
of disease was obtained either through face-to-face talk
(for individuals who participated in the epidemiological
component of the study), or in a telephonic interview.

For remaining individuals where neither of above was
feasible, date of onset of infection was inferred to have
occurred five days prior to the date of diagnosis as avail-
able in IDSP listing. Information about geographic coor-
dinates was obtained by a field investigator who physi-
cally visited residence of each individual. A GPS-enabled
hand-held device (Samsung Galaxy Tab 3 Neo) was used
to collect geographic coordinates. Information regarding
daily diurnal temperature variation (difference between
maximum and minimum daily temperature), precipita-
tion and relative humidity was obtained from the Indian
Meteorology Department Office located at Bhopal. Sec-
ondary data regarding entomological surveillance indi-
ces such as breteau index, house index, and container in-
dex were obtained from IDSP, Bhopal.

A total of six field investigators were trained for
house-to-house data collection of epidemiologic compo-
nent of study. They visited the residence of patient, and
collected information about disease occurrence, health-
seeking pattern, treatment received (such as hospitaliza-
tion, platelet transfusion, etc.), and disease outcome. Di-
rect and indirect expenditure on healthcare during the
ongoing illness as reported by the patient was considered
as out-of-pocket expenditure.

Data analysis
Data captured in hand-held device was exported to

Epi-Info 7 (CDC, Atlanta, GA, USA) for further analy-
sis. Continuous variables were summarized as mean and
standard deviation when normally distributed and median
with inter-quartile range when non-normally distributed.
Categorical variables were summarized as counts and
proportions. For all analyses p-value <0.05 was consid-
ered statistically significant.

In temporal analysis weekly case count was plotted
along with meteorological variables (mean minimum and
maximum temperature, mean relative humidity, and total
precipitation) and entomological house index. House in-
dex (HI) is a mosquito larval index which reflects pres-
ence of breeding in households, wherein HI >10% re-
flects dengue outbreak potential of the concerned area.
Multiple linear regression analysis was used to test influ-
ence of meteorological variables on number of dengue
cases. For this purpose independent variables were daily
diurnal temperature variation, relative humidity and rain-
fall and dependent variable was number of dengue cases
reported. Meteorological data of 14 days preceding the
day of reporting of dengue case was considered.

Spatial analysis was performed using ArcMap ver-
sion 10. The reported cases were displayed on geo-refer-
enced ward map of Bhopal Municipal Corporation (Geo-
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referencing was done using Survey of India topological
sheets at scale 1:50,000). The locations of the cases were
mapped on to geographic information system (GIS) using
their residential addresses as mentioned in reports. Case
density per 10000 population (as per 2011 census) was
calculated for each ward and displayed using thematic
map (colour coded map). Clustering of cases was investi-
gated using average nearest neighbour tool (Spatial Statis-
tics) in ArcMap104. This tool measured the distance of
each case location from and its nearest case location. If the
average distance between two neighbouring dengue case
locations was lesser than a hypothetical random distribu-
tion, the cases were considered to be clustered (average
nearest neighbour ratio <1). The hot-spot analysis or Getis-
Ord Gi*statistic (a spatial statistics tool) in ArcMap was
used to identify significant clusters of wards with high
frequencies of dengue cases. Case density per unit popu-
lation (10,000) was used as input variable to calculate the
Getis-Ord Gi*statistic for each ward for identification of
spatial clustering5. This tool works by looking at values of
input variable for each ward within the context of
neighbouring wards. In this the local sum for a ward and
its neighbours is compared proportionally to the sum of all
wards and corresponding Z-score is calculated using Getis-
Ord Gi*statistic for each ward (spot) on the map. For a
ward to be a significant hot-spot it should have a high case
density, and be surrounded by other wards of high case
density. The wards with statistically significant high val-
ues of positive Z-scores (>1.96) were referred to as ‘hot-
spots’. If there were no hot-spots all cases would have a
similar spatial distribution (expected or random). Z-score
is termed as significant when the observed local sum is
very different from the expected local sum and the differ-
ence is too large to be the result of random chance alone.
In this study ‘hot-spots’ of wards were depicted on the
map in shades of red colour to highlight the geographic
areas where clustering of dengue cases occurred. Simi-
larly, the wards with statistically significant low values of
negative Z-scores (<1.96) were referred to as ‘cold-spots’
shown in shades of blue colour which are the clusters of
wards with lower frequencies of dengue cases4.

In epidemiological component of the study, differ-
ence in demographic, clinical and other parameters be-
tween clients of public and private care providers were
evaluated using appropriate tests of significance (Chi-
square and unpaired t-test/Mann-Whitney test).

RESULTS

The dengue outbreak of 2014 in Bhopal City lasted
for some 26 wk, from 3 June to 28 Dec 2014 (Table 1).

Of all 729 reported cases, five died (case fatality rate
0.69%). Most cases were males in the age-group of 15 to
44 yr, who sought treatment from private health-care pro-
viders (Table 2). The cumulative incidence of confirmed
dengue for 2014 outbreak was 38/100,000 population
(95% CI, 35.2–40.7 per 100,000 population).The geo-
graphic coordinates of the residence were traceable only
for 604 of 729 cases (82.8%). A total of 469 cases (64.9%)
occurred in first 20 wk of the epidemic, i.e. on or before
31 October 2014, and remaining 260 cases (35.6%) in
the next six weeks.

The weekly case count was highest in second week
of October (107 cases) (Table 1). Most cases occurred in
the period following peak rainfall, when mean minimum
temperatures had started falling, while mean maximum
temperatures were still high (Fig. 1). On linear regres-
sion, diurnal temperature variation (difference in mean
maximum and minimum temperatures), and relative hu-
midity were significant predictors of weekly case-count.
Cumulative rainfall was a significant negative predictor
(Table 3). Thus, a higher case count was associated with
meteorological variables. Evaluation of temporal trend
in percent HI (a measure of vector density) showed that it
was between 40 and 60% before the peak of the epidemic,
which gradually declined thereafter, contributing to the
decline in cases by second week of December 2014.

Spatial distribution of the cases showed significant
hot-spots and cold-spots in Bhopal. While, one or more
case was reported from 73 of 85 (86%) wards in Bhopal,
no case was reported from the remaining 12 wards. The
average nearest neighbour ratio of 0.38 with a Z-score of
– 29.08 indicate that the cases were clustered in certain
geographic areas (not randomly or systematically distrib-
uted in all areas). Wards located in the southern part of
the city were significant hot-spots, while those located in
the northern most part were significant cold-spots (Figs.
2 a–d).

Out of 469 cases reported in first 20 wk of outbreak,
only 334 cases (71.3%) could be contacted, of these 267
patients provided complete information about type of
health-care provider, treatments and expenditure. A total
of 190 patients (71%) were admitted to a hospital on first
consultation (first hospitalization). Of those with a first
hospitalization, 120 patients had sought a second consul-
tation, and 106 of them (88%) had a second hospitaliza-
tion. While the first consultation was sought predomi-
nantly in private health sector, the second consultation
was sought equally in private and public sector facilities.
In total, 59 of 190 (22%) from first hospitalization,
and 41 of 106 (38.6%) from second hospitalization, re-
ceived platelet transfusions. Reported out of pocket ex-
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Table 1. Week-wise meteorological and entomological data for Bhopal (June–December 2014)

Week No. Study period No. of Average (max) Average (min) Rainfall Relative House Breteau Container
(June–Dec 2014)  dengue temperature temperature (mm) humidity index index index

cases (°C) (°C) (%) (%) (%) (%)

23 2–8 Jun 1 44.1 29.7 0 29.6 – – –
24 9–15 Jun 0 40.4 28 30 45.1 – – –
25 16–22 Jun 2 38.4 26.7 5 54.4 – – –
26 23–29 Jun 1 39 27.6 0 44.6 – – –
27 30 Jun 6 Jul 0 38.6 27.9 1 47 – – –
28 7–13 Jul 17 36.9 24.9 71 70.9 25.3 41.2 4.8
29 14–20 Jul 18 30.3 24 154 91.7 20.9 30.4 3.7
30 21–27 Jul 12 25.9 22.1 140 93.4 16.2 21.2 2.6
31 28 Jul–3 Aug 10 29.1 24.1 71 87.4 23.9 32.4 3.4
32 4–10 Aug 4 27.6 23 80 88.1 21.2 30.3 3.1
33 11–17 Aug 9 29.1 23.6 9 82.1 16 22.8 2.3
34 18–24 Aug 4 33.3 24.4 10 75.9 16 22.5 2.1
35 25–31 Aug 9 32.1 23 64 83.4 17.1 21.3 2.6
36 1–7 Sep 16 29.6 23.4 70 86.7 17.2 24.3 2.2
37 8–14 Sep 11 29.9 23.4 11 86.9 17.7 25.6 2.6
38 15–21 Sep 16 32.1 23 9 78.7 19 26 2.4
39 22–28 Sep 24 33.6 21.9 11 71.6 20.8 31.2 2.8
40 29 Sep–5 Oct 30 34.4 21.4 0 63.9 20.6 28.7 2.5
41 6–12 Oct 81 33.3 21 4 64.4 24 29.5 3
42 13–19 Oct 107 32 21 8 69.9 20 24.8 2.8
43 20–26 Oct 30 32 18.7 0 61.6 9.4 11.8 1.8
44 27 Oct–2 Nov 77 31.9 16.9 0 60.3 9 12.3 2
45 3–9 Nov 59 31.7 16.6 0 55 9.9 13.9 2.5
46 10–16 Nov 66 30.1 19.3 0 64.9 8.2 10 1.6
47 17–23 Nov 60 29.6 12.9 0 52.7 6.5 7.4 1.2
48 24–30 Nov 34 30.3 13.7 0 60 5.2 6.2 0.8
49 1–7 Dec 17 28.7 12.7 0 51.3 4.6 5.5 0.7
50 8–14 Dec 9 27.3 13.1 21 62.9 4.4 4.8 0.6
51 15–21 Dec 4 22.9 8.3 0 73 – – –
52 22–28 Dec 1 24.3 8.9 0 60.7 – – –

(–) Not available.

Table 2. Distribution of confirmed dengue cases reported to IDSP
from 3 June to 31 December 2014 (n = 729)

Variable No. of
dengue cases

Informant hospital type
Public 291 (39.9)
Private 399 (54.7)
Trust 39 (5.3)

Gender
Male 454 (62.3)
Female 275 (37.3)

Age in yr (Mean; SD) 26.7 (15.3)
Age group (yr)

< 5 21 (2.9)
5–14 130 (17.8)
15–44 477 (65.4)
> 45 97 (13.3)

Missing 4 (0.5)

SD—Standard deviation; Figures in parentheses indicate percentages.

Fig. 1: Graph showing epidemic dengue outbreak in Bhopal in 2014.
Total number of dengue cases in corresponding week, maximum
rainfall (mm) and relative humidity (%) are shown on primary
vertical axis. Daily maximum and minimum temperature (°C)
and house index (%) are shown on secondary vertical axis.



Pakhare et al: Epidemiological study of dengue outbreak during 2014 in Bhopal  229

Fig. 2: Spatial determinants of 2014 dengue outbreak in Bhopal— (a) Terrain study area and cases; (b) Case density per unit population; (c)
Average nearest neighbour analysis of the dengue case locations; and (d) Case density per unit population hot-spot.

penditure for patients who required hospitalization ranged
from 5413 to 47,934 that varied with the type of facility
(Table 4).

DISCUSSION

The present study describes the 2014 dengue epidemic
in Bhopal City, Madhya Pradesh (India) in terms of spatio-
temporal distribution of the cases, geo-environmental fac-
tors instigating the events, archetype clinical manifesta-
tions, and health seeking patterns. It was observed that
the cumulative incidence of reported and confirmed den-
gue fever was 38/100,000 population (95% CI, 35.2–40.7
per 100,000 population). Seasonal meteorological
changes, in presence of sustained vector breeding con-
tributed to the epidemic in the post-monsoon period. There

Table 3. Multiple linear regression analysis for meteorological
determinants

Variables Regression Standard F-test p-value
coefficient () error

Diurnal temperature 0.44 0.13 11.88 0.001
variation

Rainfall (mm) – 0.08 0.04 4.24 0.041
Relative humidity 0.11 0.03 14.05 <0.001
Constant – 7.92 3 6.97 0.009

Source df Sum of Mean F-statistic
square square

Regression 3 492.8 164.3 6.5
Residuals 206 5193.5 25.2  

Total 209 5686.3

r2 = 0.09 (Dependent variable number of dengue cases per week;
Independent variables— Diurnal temperature variation, rainfall and
relative humidity).
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were definite hot-spots in the southern part of the city.
About half of all reported cases sought multiple consul-
tations, and majority of them required hospitalization.

This study is one of the first descriptions of dengue
epidemics in Bhopal, which witnessed first dengue out-
break in 2009. The outbreak of 2014 is the largest re-
ported outbreak. The cases were obtained from a central
registry, and not from particular/local health-care facili-
ties, hence likely to be more representative of the entire
outbreak. Further, the location of the patients was traced
by visiting their households, an approach that is likely to
provide more accurate information. However, there were
certain limitations; First, the estimated incidence is likely
to be an underestimate, as only those who had a confir-
mation by IDSP system got included. Second, most pa-
tients received care in hospitals which suggests that the
spectrum of reported cases is more likely to include only
those with more severe symptoms. Third, residence was
considered as the usual location for occurrence of a case,
but it is likely that some individuals might have been in-

Table 4. Clinical features, health seeking behaviour and out-of-
pocket health expenditure of cases (n = 267)

Variable Number Percent

Warning signs
Rash 64 24
Abdominal pain 105 39.3
Vomiting 164 61.4
Mucosal bleed (Petechiae or 13 4.9

Epistaxis or Hematemesis or
Malena)

First health seeking consultation
Provider type

Public 82 30.7
Private 168 62.9
Trust 17 6.4

Hospitalization 190 71.2
Platelets administered 59 22.1
Duration of hospitalization 190 5.2 (3.1)

(Mean; SD)
Expenditure (Mean; SD)

Public 81 6817.6 (11613)
Private 162 23902.9 (35976.7)
Trust 17 13352.9 (15097.3)

Second health seeking consultation (n = 120)
Public 56 46.7
Private 59 49.2
Trust 5 4.2

Hospitalization 106 88.3
Platelets administered 41 34.2
Duration of hospitalization 104 5.75 (3.3)

(Mean; SD)
Expenditure (Mean; SD)

Public 55 5413.7 (12501.3)
Private 58 47934.5 (66761.1)
Trust 5 22000 (12549.9)

fected at a different location (such as place of work). Last,
recall bias or respondent over-reporting could have influ-
enced information related to health-expenditure or hos-
pital stay.

Dengue is endemic in India, and various outbreaks
of dengue fever and dengue haemorrhagic fever (DHF)
have been reported from India in the recent years6–7. Most
of these outbreaks have been reported from urban areas,
and since 1996 co-existence of all four serotypes of den-
gue have been reported from India8. City of Bhopal has
also reported an outbreak in 20092, but 2014 outbreak
was by far the largest. The hot-spots for 2014 epidemic
were not concentrated in low socioeconomic areas such
as urban slums. On the contrary these hot-spots were in
middle and upper-middle class residential areas. Poten-
tial causes for such hot-spots may be introduction of a
new viral strain, higher vector breeding sites due to in-
creased construction activity, and lack of regular piped-
water supply in some areas, compelling households to
store clean water in multiple containers.

Traditional models have used meteorology (tempera-
ture, precipitation and humidity), demography (popula-
tion density, degree of urbanization) and economic vari-
ables to identify hot spots for dengue9. However, there
are other likely reasons for spatial clustering of dengue,
as suggested recently by GIS based techniques10–14. In a
study from Trinidad, author’s geo-coded dengue cases
over six year period (1998–2004). They identified clus-
tering to have occurred in some of the years, with large
epidemics. The location of clusters correlated with those
of transportation hubs in the island. Authors speculated
limited movement of vector beyond these hubs as a po-
tential reason for this clustering10. In a spatial analysis of
occurrence of dengue cases in Hanoi, Vietnam, over a
decade (1998–2009), no specific environmental predilec-
tion was identifiable in the outbreak clusters15. Since,
human habitat is itself clustered in space, rather than
random, some clustering of dengue cases is inevitable.
Entomological studies have also evaluated clustering of
vector breeding sites in endemic areas. In a study from
Northern Argentina, spatial clustering of vector breeding
was identified in proximity of tyre dumps and banana
plantations16. It is known that there is a considerable spa-
tial stability of vector breeding sites17, implying that iden-
tification of hotspots of dengue fever or vector-breeding
sites is significantly important for disease control.

Geoenvironmental, microclimatic conditions of a
place might play a critical role in the occurrence of den-
gue outbreak by tendering the favourable/adverse breed-
ing environment to the vectors. Diurnal variation in tem-
perature, relative humidity and rainfall are established
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predictors of vector breeding leading to vector-borne dis-
eases like dengue18–21. The present investigation confirms
their role in this dengue outbreak. A study performed in
temperate climate concluded that it the difference between
the day and night temperature (diurnal variation) which

is more decisive factor for prolific viral replication in the
mosquito than the mean temperature itself19. This is in
concordance with the present study where intermittent
rain maintained a larger temperature difference compared
to pre-monsoon period and might have facilitated the ag-

Table 5. Reported trends in dengue epidemiology in previous decade

Author (Ref) Country Study period Study methodology Reported trend

Villiar et al26 Colombia 2000–2011 Systematic review of 30 Cases reported in all years, with peaks in 2002 and
studies from the country 2011. Peak incidence in 4–15 yr-age group in recent

years. All four serotypes circulated in recent years.
Mean incidence of DF: 173–578 per 100,000. Mean
incidence of severe DF:  109–607 per 100,000.

Xiong & Chen27 China 1978–2014 Disease surveillance data Cases reported in all years, peak every 4–7 yr. Peak
incidence in 20–60 yr-age group. All four serotypes
circulate.

Minh & Rocklöv28 Vietnam 2002–2010 Disease surveillance data Cases reported in all years, peak in 2009. Peak
incidence in 15–40 yr-age group. Peak cases occur
after peak rainfall and cases occur after temperature
dips (Sep–Oct).

Viennet et al29 Australia 1995–2011 Disease surveillance data A total of 2576 cases in 16 yr period. Peak
(Queensland) incidence in 1998, 2003 and 2009. Most cases in

15–60 yr-age group. Mean incidence of DF 0.37 to
234 per 100,000.

Gupta & Ballani6 India 1964–2010 Narrative review Shift of prevalence from children to young adults.
Co-circulation of all four serotypes since 2003 in
Delhi. However, serotype 1 in 2010–2011.

Dupont-Rouzeyrol  France 2001–2013 Disease surveillance data Cases reported in all years, peaks in 2003, 2009 and
et al30 (New Caledonia) 2013. DEN 1 main serotype, DEN 1 and 4 in

2008–09.
Dumre et al31 Nepal 2006–2010 Disease surveillance data Few cases in 2006–09, 359 cases reported in 2010.

Mean age 38 yr. No data on circulating serotypes.
Chakravarti et al32 India 2002–2008 Laboratory-based Cases in all years, peak in 2003 and 2006. Most

surveillance cases in age >12 yr. Serotype 2 predominant serotype
(2002–03). Co-circulation of all four serotypes in
2003. Serotype 3 predominant serotype (2004–06).
Co-circulation of all four serotypes in 2007.

Lee et al33 Singapore 2006–2010 Laboratory-based Co-circulation of all four serotypes. Serotype 1
surveillance most common, followed by serotypes 2, 3 and being

4.
Wu et al34 China 1978–2013 Laboratory-based Serotype 1 predominant in most years. Switch to

surveillance serotype 2 and 4 in intervening years.
Roca et al35 Bolivia 1998–2008 Laboratory-based Few cases in 2000–01, thereafter in all years, Peak

surveillance cases in years 2003 and 2007. Serotype 1  predo-
minant (uptill 2002). Co-circulation of  serotypes 2
and 3 (2003–2007). Co-circulation of serotype 1 and
3 (2008).

Gupta et al7 India 2003–2005 Laboratory-based Peak cases in 2003, and fewer in 2004 and 2005.
surveillance Co-circulation of all serotypes in 2003. Serotype 2

in 2004, serotypes 1 and 3 in 2005.
Nisalak et al36 Thailand 1973–1999 Hospital-based Cases in all years, peaks in 1984–85, 1989–90, and

surveillance 1997–98. Serotype 2 predominant till 1983. Co-
circulation of all four serotypes thereafter. Serotypes
3 and 1 predominate in 1997.

DF—Dengue fever; >13 studies were selected from a total of 55 results retrieved in PubMed search using the Boolean query: Dengue[ti]
AND Epidemiology [tiab] AND Outbreak[tiab].
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gressive viral replication. Indeed a viewpoint clearly in-
dicates that temperature is as decisive as vector density,
and one may actually overlook the risk by considering
alone the spatial distribution of vector, without simulta-
neous consideration of temperature22.

It is still not clear, whether rainfall can serve as inde-
pendent predictor for dengue outbreak or it show an indi-
rect association with dengue cases, as it is followed by
conducive ambient temperature and relative humidity. A
study from Thailand although shows a positive correla-
tion among the dengue cases and rainfall, but remains
unclear in addressing the concerns raised above23. An-
other study from deep south of India showed that dengue
cases were inconsistently associated with the period of
usual rainfall24. Humidity is another factor which might
play role in occurrence of an outbreak. It has been shown
that relative humidity might positively affect the flight
performance of Aedes mosquito and consequently the
transmission ability of the disease25.

House index was >25% at the start of outbreak. Dis-
trict public health department, Bhopal Municipal Corpo-
ration teams initiated breeding control and larvicidal activi-
ties. Later on they launched an exhaustive campaign with
community participation against vector breeding. It resulted
in decline of HI and thereby the number of dengue cases.

There are striking resemblances in dengue epidemi-
ology across the endemic areas26–36. Studies that have
evaluated trends over the previous decade reveal spurt in
number of cases after every 4–5 yr (Table 5). Some stud-
ies have reported a demographic shift from young indi-
viduals (4–15 yr) to young adults (15–40 yr). The spurt
in cases of dengue fever and DHF has coincided with
introduction of a new dengue virus serotype, which ei-
ther replaces, or coexists with the previous serotypes37.
Almost all studies have reported an increase in the mor-
bidity in more recent spurts. This study is also an attempt
to establish dengue surveillance in Bhopal in a more sys-
tematic manner, so as to predict the future trends.

CONCLUSION

Findings of this study reiterate the importance of spa-
tial analysis through GIS for understanding spread of
outbreak and identification of hot-spots/epicentres of the
outbreak. Public health interventions during outbreak need
to be planned and executed rigorously on priority in ar-
eas which need immediate attention.
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