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INTRODUCTION
Dengue Fever (DF) is one of the emerging communicable disease 
causing major public health threat all over the world [1]. The disease 
is caused by single-stranded positive polarity Ribonucleic Acid (RNA) 
viruses of the family Flaviviridae which is transmitted mainly by the 
bite of Aedesaegypti mosquito and or also through Aedesalbopictus 
[1,2]. The burden of dengue fever incidence is not in uniform pattern 
in all the geographical areas and also in every season [3]. Many 
studies already proved the association between the burden of DF 
and meteorological factors such as rain fall, temperature, humidity 
in the atmosphere. Rainy season is the most favourable season 
for dengue fever outbreaks [4-6]. Population density in a particular 
geographical area, also influence the incidence of dengue fever. 
More number of cases reported from urban areas where population 
density is more when compared to rural areas [7].

In India, during the last ten years, the incidence of the dengue fever 
increased in territorial extent [8]. Now every year, all states in India 
are reporting dengue fever outbreaks. Among all the states in India, 
Kerala is one of the high risk state reporting highest numbers every 
year [8]. The geographical conditions and meteorological factors 
in Kerala state are more favourable for high incidence of dengue 
fever cases. Information about the incidence of suspected and 
lab confirmed cases of dengue fever will be collected through a 
surveillance system [9]. Detailed information about when and where 
DF/Dengue Haemorrhagic Fever (DHF) outbreaks occurred in the 
past can be a useful guide to the potential magnitude and severity 
of future epidemics.

Integrated disease surveillance program is daily collecting 
information about the communicable and non-communicable 
diseases from each and every village in the country. This provides 
the day and district wise reports of communicable diseases incident 
[10]. But these reports contain only the number of cases. These 
numbers can be converted into useful indicators and significant 

inferences regarding the risk factors can be concluded through 
different statistical analysis techniques. Different epidemiological 
studies can be conducted to understand the burden, trend of the 
disease and to identify the high risk districts for future dengue fever 
outbreaks [10].

Daily incidence can be summed up to calculate weekly incidence 
rates in the state which is better indicator to understand the 
burden of disease. Moving averages is one of the techniques 
in time series analysis to understand the trend and forecast the 
disease burden [11]. Weekly incidence or trend of the disease is 
not in uniform pattern in all the districts in the same state. Some 
districts report more number of cases at one point of time and 
some districts report high number of cases at another point of 
time. Spatio-temporal analysis is a useful technique to understand 
the impact of space and time on the incidence of dengue fever. 
This also helps in identifying the high risk districts of dengue fever 
out breaks and in which time period [12].

Describing the burden of disease in terms of time, place and person 
is the key in the descriptive epidemiological studies. Several studies 
already described the dengue fever incidence in terms of time, 
place and person [13]. But in spatio-temporal analysis, space and 
time will be analysed together to identify the high priority areas. This 
identifies during which time period there is chance for occurrence of 
outbreaks in these high priority districts.

Literature search in pubmed and google scholar with keywords 
“Dengue fever” and “Spatio-temporal analysis” and “India” revealed 
that, very few studies used spatio-temporal analysis techniques to 
understand the burden of dengue fever incidence in India. This is 
true in Kerala also. Based on this background, the current study 
was conducted with an aim to identify high risk districts for dengue 
fever incidence in Kerala state and the time period during which the 
population of this state are at its high risk using the spatio-temporal 
analysis technique.
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ABSTRACT
Introduction: In India, during the last ten years, the dengue fever 
increased in incidence and in territorial extent. Several studies 
already described the dengue fever incidence in terms of time, 
place and person But in spatio-temporal analysis, space and 
time will be analysed together to identify the high priority areas 
and during which time period there is chance for occurrence of 
outbreaks in these high priority districts.

Aim: To identify the districts with high log likelihood ratio for 
high dengue fever incidence.

Materials and Methods: The current study design was 
a retrospective observational study conducted using the 
secondary data provided by Director of Public Health of Kerala 
state on a public domain. All the suspected dengue fever 
cases reported for a period of six months from 1st May 2017 to 
4th November 2017 was used for the study. Weekly incidence 
rates of dengue fever cases and moving averages of dengue 

fever  cases were calculated using MS Excel software. 
Retrospective spatio-temporal analysis was done with SaT 
Scan software using discrete poisson model.

Results: Total number of dengue fever cases reported was 
52371. The incidence of dengue fever rose from May 1-7 to 
June 26-July 02 and later showed declining trend. Moving 
averages graph of actual data shows peaks and troughs with 
an approximate 7 day pattern and the troughs coincided 
with public holidays. Spatio-temporal analysis revealed that, 
ten districts out of fourteen districts were identified having 
significantly (p<0.005) high relative risk and high likelihood ratio 
for dengue fever cases.

Conclusion: Epidemic of dengue fever cases will start in the month 
of May, reaches peak in June and July, declines thereafter and 
reaches to normal by September. Time series analysis revealed the 
lacunae in surveillance system. Spatio-temporal analysis identified 
ten high priority districts out of which top four are in south Kerala.
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Moving Averages
[Table/Fig-3] depicts the daily incidence and moving averages of 
dengue fever incidence from May 1st 2017 to November 4th 2017. 
This epidemic pattern of distribution has peak incidence in month of 
June-July. Log likelihood ratio of various districts in Kerala state in the 
form of table and choropleth map were depicted in [Table/Fig-4,5]. 
Thiruvanathapuram, Palakkad, Kozhikode and Kollam were the districts 
with high log likelihood ratio.

MATERIALS AND METHODS
The current study design was a retrospective observational study 
conducted using the secondary data of Kerala State extracted from 
diverse sources. The current study is purely based on secondary 
data available on public domain and does not involve any human 
beings in the research.

Director of Public Health of Kerala state (http://dhs.kerala.gov.in/
index.php/publichealth) is providing daily reports of district wise 
distribution of communicable diseases for the state on a public 
domain [9]. Every year, the incidence of dengue fever in the 
state rises from the month of May and declines to normal level 
at the end of October [14]. The daily reports of communicable 
diseases for a period of six months from 1st May 2017 to 
4th  November  2017 were downloaded. The data of dengue 
fever cases was extracted from the downloaded files. All the 
suspected dengue fever cases reported in the Kerala state were 
considered for the study. Data did not consist of any personal 
information. It is a cumulative secondary data provided freely on 
government website. The District wise population data of Kerala 
state was collected from census 2011 [15]. Shape file of Kerala 
state having district borders was downloaded from http://www.
gadm.org website [16].

According to census 2011 Kerala state population was 33406061 
and population growth rate was 4.91% [15]. Population was 
standardised for the year 2017 using the population growth 
rate of the state. Based on these values estimated population in 
Kerala during the year 2017 was calculated as 34390204. Weekly 
incidence rates of dengue fever cases were calculated using 
the estimated population. In the same way, population in each 
district was also estimated for the year 2017 and used for spatio-
temporal analysis. A moving average is a technique often used 
in technical analysis that smooths incidence history by averaging 
daily incidence over some period of time. This analysis is commonly 
used to smooth out short-term fluctuations and highlight longer-
term trends or cycles [17].

STATISTICAL ANALYSIS
Moving averages of dengue fever incidence were calculated using 
Ms Excel software to observe the trend of dengue fever incidence 
during the epidemic period.

Retrospective spatio-temporal analysis was done with SaT Scan 
software using discrete poisson model, to identify the districts with 
high log likelihood ratio for high dengue fever incidence [18]. Log 
likelihood ratio was used to identify the districts which are most 
likely to have high incidence of dengue fever cases when compared 
to others [19]. All the districts have equal chances of having high 
number dengue fever cases was considered as null hypothesis. 
Null hypothesis was tested using SaTscan software and p-value 
less than 0.05 was considered as statistically significant to accept 
or reject null hypothesis. The software, scanned for areas of 30 km 
radius with high rates of dengue fever cases per day taken into 
consideration as 25 percent of population living in that area are at 
risk of disease. [Table/Fig-1] depicts the parameter settings used for 
spatio-temporal analysis.

RESULTS

Incidence Rates
Total number of suspected dengue fever cases reported during the 
study period was 52371 with an incidence rate 152 per one lac 
population. Weekly incidence rates of dengue fever cases during 
the period from 1st May 2017 to 4th November 2017 were calculated 
and were depicted in [Table/Fig-2]. The incidence of dengue fever 
rose from May 1-7 to June 26-July 02 and later the incidence 
showed declining trend up to September 04-10.

Parameters Analysis

Study period 2017/05/01 to 2017/11/04

Number of districts 14

Total number of cases 52371

Type of analysis Retrospective space-time

Probability model Discrete poisson

Scan for areas with High rates

Time aggregation units Day

Time aggregation length 1

Maximum spatial cluster size 25 percent of population at risk

Maximum spatial cluster size 30 km

Include purely temporal clusters No

Window shape Circular

Minimum temporal cluster size 7 days

Maximum temporal cluster size 
30 days

30 days

Include purely spatial clusters number No

Temporal adjustment
Log linear with automatically calculated 
trend 

Adjust for weekly trends
Log likely hood ratios were measured with 
automatically calculated trend adjusted for 
weekly trends

[Table/Fig-1]:	 Parameter settings for spatio-temporal analysis.

[Table/Fig-2]:	 Weekly Incidence of dengue fever cases per 1 lac population in 
Kerala state.

[Table/Fig-3]:	 Moving average of dengue fever cases in Kerala state.

DISCUSSION
Bar diagram showing the weekly incidence of dengue fever cases 
depicted the epidemic distribution pattern. The incidence gradually 
rose in the month of May, reached peak in the months of June- 
July and later declined. These changes might be because of 
environmental differences. Many studies proved the association 
between rain fall and the incidence of dengue fever cases [4-6]. 
Increased number of mosquitoes boost transmission of dengue 
fever cases from person to person and later on, the burden of 
dengue fever cases decreases. Rainy season in Kerala state starts 
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Author Study title Study setting Result

Valson JS and 
Soman B [20]

Spatiotemporal clustering of dengue cases in 
Thiruvananthapuram district, Kerala

Thiruvananthapuram district, 
Kerala

Spatial and temporal clustering of dengue cases within the district 
and their association with climatic parameters.

Dawn A [21]
A Spatio-Temporal Analysis of Dengue Fever 
in West Bengal with Special Reference to 
Kolkata Municipal Corporation Area

Kolkata, West Bengal
Amongst the three administrative divisions, the Presidency division 
was found to be severely affected by the disease every year with 
Kolkata at its prime focus.

Shil P [22]
Rainfall and dengue occurrences in India 
during 2010-2016

India
Rainfall influence the dengue occurrences differently in the northern 
and the southern states of India.

Akter R et al., [23]
Spatial and temporal analysis of dengue 
infections in Queensland, Australia: Recent 
trend and perspectives

Queensland, Australia Clear spatiotemporal trend of recent dengue cases in Queensland,

Sedda L et al., [24]
The spatial and temporal scales of local 
dengue virus transmission in natural settings: 
a retrospective analysis. Parasit Vectors

Caratinga, in Southeast Brazil.
Strong and significant association between high DENV incidence in 
mosquitoes and the onset of symptoms in humans at specific spatial 
and temporal windows.

Zhu G et al., [25]
Spatiotemporal analysis of the dengue 
outbreak in Guangdong Province, China

Guangdong Province, China
Dengue incidence was highly spatial-autocorrelated with the 
inclination of clustering and nonuniformity

Mala S and Jat 
MK [26]

Geographic information system based 
spatio-temporal dengue fever cluster analysis 
and mapping

Delhi, India
Environmental factors in addition to other socio-economic, 
demographic and physiographic factors are responsible for the 
change in the trend of DF incidences over the study period

Telle O et al., [27]
The Spread of Dengue in an Endemic Urban 
Milieu-The Case of Delhi, India.

Delhi, India
The size of the dengue case cluster depends on the timing of its 
emergence emphasises the need for early case detection and 
implementation of effective mosquito control.

[Table/Fig-6]:	 Types of implant used for Internal Distraction Plating in Distal Radius Fractures.

the trend of the disease.

Surveillance system is the heart of any control program. An efficient 
surveillance system helps in assessing the impact of controlled 
measures in the community. Daily monitoring and reporting of dengue 
fever cases will yield valuable information to the administrators 
for better planning and preparedness [10]. These reports can be 
used for temporal analysis to understand the trend of incidence. 
Moving averages or Time series analysis is one of the temporal 
analysis techniques to forecast future incidence of diseases. Many 
researchers already conducted studies in different settings to 
forecast the dengue fever incidence [11,19]. This technique can be 
extended to Auto Regressive Integrated Moving Average (ARIMA) 
analysis based on the availability of the data of dengue fever 
incidence and its predictors. In the current study, temporal analysis 
was restricted to moving averages only. Temporal analysis revealed 
the sharp decline of dengue fever cases on public holidays. It might 
be because of lack of personnel to send the reports to the higher 
authorities. The systems should be strengthened to avoid the delay 
in reporting system. Then only, the actual burden of cases can be 
assessed.

Retrospective spatio-temporal analysis was used to identify the 
high-risk districts for dengue fever outbreaks. Relative risk and 
likelihood ratio of high priority districts can be assessed with spatio-
temporal analysis. The relative risk represents commonly occurring 
disease in this district and time period as compared to the baseline. 
The estimated risk within the district is divided by the estimated risk 
outside the district. Setting a value of one is equivalent of not doing 
any adjustments. A value of greater than one is used to adjust for 
an increased risk and a value of less than one to adjust for lower 
risk. A relative risk of zero is used to adjust for missing data for that 
particular time and location. The null hypothesis is that the trends 
are the same within the district over a period of time, while the 
alternative is that they are different. Based on these hypotheses, 
a likelihood is calculated. [Table/Fig-4] depicts ten districts out of 
fourteen districts were identified having significantly (p<0.005) high 
relative risk and high likelihood ratio for dengue fever cases when 
compared to the other districts.

Although the trend of dengue fever incidence is in uniform pattern 
throughout the state, the burden of cases differs. Spatio-temporal 
analysis is useful to identify which districts significantly showed high 
risk and in which period of time. Spatio-temporal analysis of dengue 
fever cases is already conducted by several researchers in different 
settings and the study findings were depicted in [Table/Fig-6] [20-27].

District
Relative 

risk
Log likelihood 

ratio p-value Start_date End_date

Thiruvananthapuram 6.37 5445.69 <0.005 2017/6/20 2017/7/19

Palakkad 3.40 1417.71 <0.005 2017/6/16 2017/7/15

Kozhikode 3.13 1135.73 <0.005 2017/6/29 2017/7/28

Kollam 3.13 861.93 <0.005 2017/7/12 2017/8/10

Wayanad 1.85 63.52 <0.005 2017/6/29 2017/7/28

Malappuram 1.37 47.38 <0.005 2017/6/19 2017/7/6

Idukki 1.91 25.21 <0.005 2017/6/29 2017/7/5

Kasaragod 1.49 9.56 <0.005 2017/6/30 2017/7/6

Thrissur 1.28 11.46 <0.005 2017/6/27 2017/7/6

Pattanamititta 1.46 10.17 <0.005 2017/6/27 2017/7/5

[Table/Fig-4]:	 Districts of Kerala state having significantly high relative risk and log 
likelihood ratio.

[Table/Fig-5]:	 Choropleth map of Kerala state showing log likelihood ratio of 
dengue fever incidence in different districts.

from from April and ends by July [14]. Mosquitoes burden increases 
from the month of May and declines after August. The same was 
depicted in the current study findings. Thus, administrators should 
take precautionary measures and anti-mosquito measures at least 
one month before the peak incidence of dengue fever cases, to 
control the future burden of disease.

[Table/Fig-2,3] represents the actual number of cases and the 
average number of cases of the last two data points, i.e., moving 
averages. The graph of actual data shows peaks and troughs with 
an approximate seven day pattern. When analysed further the 
troughs coincided with either the weekly holiday on Sunday or other 
public holidays. This only indicates the weakness of the reporting 
system. No epidemiological conclusions should be drawn. In such 
a situation the moving average provides a better understanding of 
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In the current study, ten districts in Kerala had relative risk more than 
one. High priority areas were mainly in South Kerala. Among them 
Thiruvanathapuram and Palakkad had high relative risk during the 
period from middle of June to Middle of July. In Kozhikode the period 
of risk is from End of June to End of July. In Kollam the period of risk 
is from middle of July to middle of August. The remaining six districts 
had high risk for only a short period of time. This indicates that the 
epidemic starts in one district and later spreads to the other. This 
information is vital to administrators to understand where to focus 
and when to focus on high risk districts. Further spread could be 
mitigated by initiating prompt action at the start of epidemic period.

In the current study daily reports of six months period was used 
in which peak incidence of dengue fever cases were reported. It 
increased the strength of analysis. The data from the Government 
hospitals may not completely represent actual picture of dengue 
fever cases in Kerala.

Limitation(s)
The study was conducted using the secondary data of Integrated 
Disease Surveillance Program (IDSP) reports that available in public 
domain. Only suspected dengue fever cases were used for analysis 
which is a limitation of the current study. Quality of data in the 
reports will limit the study observations. Data of serotype of Dengue 
fever was not available in the public domain which will enable the 
researchers to differentiate between distribution of autochthonous 
and overseas acquired dengue fever cases.

CONCLUSION(S)
Epidemic of dengue fever cases will start in the month of May, reaches 
peak in June and July, declines thereafter and reaches to normal by 
September. Time series analysis revealed the lacunae in surveillance 
system. Spatio-temporal analysis identified ten high priority districts 
out of which top four are in south Kerala. Spatio-temporal association 
of environmental and socio-economic factors such as humidity, 
temperature, altitude, population density with dengue fever incidence 
can be understood with similar type of analysis. This can be done by 
conducting further studies with larger data.
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