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Abstract

Background: Investigating the spatial aspects of the disease can help decision-makers and researchers better understand the pattern
of the disease, and is also very important in the implementation of the disease control programs. Given the vast area of Iran, as well as
the diverse geographical and climate conditions of the country, using the geographical information system (GIS) is a suitable method
for the study of influenza. In this study, we provide a clear picture of the distribution of the influenza-like illness (ILI) in Iranian
provinces through the years from 2011 to 2016 by applying a spatio-temporal analysis, using geographic information system (GIS).
Disease rates by location and year are estimated, and then hot spots and cold spots are distinguished.

Methods: This study was conducted using the ILI incidence rate data recorded in the Iranian Influenza Surveillance System from
August 2011 to August 2016. The Choropleth map method and the various equal interval and natural break classifications were used.
The local Getis-Ord Gi* method was then used to identify the hot spots and regions where, for some reason, the distribution of the
disease had significantly clustered spatially. Statistical analyses were done using the ArcGIS 10.2 software.

Results: This study indicates that the highest ILI rate belongs to the period from August 2014 to August 2015 with a rate of 180.26
(95%CI: 177.65 to 182.9) per 100,000 people. The results show that the highest 5-year mean of ILI rate belongs to Zanjan, Markazi,
Lorestan, Ilam, North Khorasan, and South Khorasan provinces. Also, results from the local Getis-Ord Gi* method show that ILI has
formed a hot spot between the years 2011 and 2013 on the eastern borders of Iran and afterward during the years 2014 to 2016 in the
western regions of the country.

Conclusion: Given the importance of influenza and its huge economic burden on the society, identifying the hot spot regions can
help better manage the disease. This study indicates the distribution of the disease has formed a hot spot in the western regions of the
country.
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Introduction

Influenza is an infectious respiratory disease that, due to
the likelihood of easy transmission of the disease from one
person to another, as well as general or partial antigenic
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changes, can be seen in the forms of pandemics or large or
small epidemics (1-3). This disease can easily affect any
person in any age group (1) and is annually responsible

1What is “already known” in this topic:

Influenza can affect any person in any age group, and is
annually responsible for the death of 290,000 to 650,000
people in the world. This disease seasonally or once every few
years, causes a lot of costs through its pandemics.

— What this article adds:
The results show that the ILI hot spots during the years 2011 to

2013 have been mostly on the eastern borders of Iran, while the
hot spots for ILI in recent years have been centered on the
western regions of Iran.
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for the death of 290,000 to 650,000 people in the world
(1). Since the beginning of the twentieth century, there
have been four pandemic influenza cases in the world, the
last of which was the 2009 epidemic where the disease
was reported in more than 214 countries in the world, im-
posing, directly and indirectly, huge economic burdens on
society (4). Given the importance of influenza, this dis-
ease is one of the diseases to be under the surveillance of
the World Health Organisation (WHO). In spite of all the
measures taken in different countries around the world
regarding the monitoring and surveillance of influenza,
this disease still, seasonally or once every few years, caus-
es a lot of costs through its pandemics (5-7). Investigating
the spatial aspects of the disease can help decision-makers
and researchers better understand the pattern of the dis-
ease, and is also very important in the implementation of
the disease control programs. Given the vast area of Iran,
as well as the diverse geographical and climate conditions
of the country, using the geographical information system
(GIS) is a suitable method for the study of influenza. In
this study, we provide a clear picture of the distribution of
the influenza-like illness (ILI) in Iranian provinces
through the years from 2011 to 2016 by applying a spatio-
temporal analysis, using geographic information system
(GIS). Disease rates by location and year are estimated,
and then hot spots and cold spots are distinguished.

Methods

Setting and patients

Iran, with a population of 80 million people, is a country
located in West Asia and the WHO Eastern Mediterranean
region. Iran’s “National Surveillance System for Influen-
za” was established in 2004. The measures taken in this
surveillance system include the recording of acute and
severe hospitalized cases of respiratory illnesses and in-
fluenza-like illnesses (8, 9).

The current Influenza Surveillance System was initiated
electronically and at the Infectious Disease Control Center
in cooperation with the Ministry of Health's Information
Technology Office for the purpose of early reporting, reg-
istration of suspected influenza, and post-pandemic care in
the country. Registration and data collection and analysis
are based on this care system. Diagnosis of patients is
made in the same way according to international guide-
lines and definitions in all universities. In this regard, due
to the launch and activation of this system, all patient in-
formation is recorded by the universities in the shortest
time in the system. The management of the system dash-
board for the evaluation of the disease process and the
correct recording of the disease at the Ministry of Health's
Infectious Disease Management Center is subject to modi-
fications in the ongoing monitoring of the registration
system in the event of data conflicts with the university. In
this surveillance system, by specifying a sentinel site in
each city, cases of influenza-like illnesses are recorded
and reported on a weekly basis, the details of which have
been published before. This study has been conducted
based on the data recorded in the Iranian Influenza Sur-
veillance System (IISS) (8-10). After receiving the data
from the Infectious Disease Management Center and be-
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fore starting the analysis, reviewing and replicating the
data based on the national code, name and surname, date
of birth and other personal data, as well as the date on
which symptoms begin, the city and university reporting
patients was performed. Finally, the analysis of this study
after data cleaning and the removal of duplicate data was
performed on individuals with ILI symptoms registered in
the system from August 2011 to August 2016.

Influenza-like illness definition

Any person with acute respiratory infections with a
fever higher than or equal to 38°C (oral) and coughing,
with the onset of the disease being within the last ten days

(11).

Statistical Analyses
In this study, the ILI rate was calculated based on For-
mula 1 below:

Formula (1) Incidence rate

__ The number of cases reported weekly

x 100000

The average population in each year

Given that the beginning of the influenza season in the
northern hemisphere is around October each year and the
end of it is in October of the following year, in this study,
in order to avoid missing the epidemic seasons, data from
August 2011 to August 2016 have been used (12). In this
study, ILI rate classification has been done according to
the provinces and by using the Choropleth maps, and the
two methods of equal intervals and natural break (13, 14).

Equal interval: This method divides the data into equal
size classes (e.g., 0-10, 10-20, 20-30, etc.), and it works
better on data that is spread through the entire range.
Equal intervals for classes are commonly considered.
Therefore, the difference of maximum value from mini-
mum value was divided by the number of classes to obtain
enough length of the interval.

Natural Breaks: This method provides an optimal classi-
fication scheme by minimizing within-class variance and
maximizing between-class differences to find class breaks.
It is based on natural grouping in the nature of data. Frac-
ture points are chosen such that similar disorders are
placed in a class as best as possible and enhance the varia-
tions between classes (16).

Spatial pattern analysis: In order to identify clusters, the
local Getis-Ord Gi* was used as local indicators of spatial
autocorrelation (LISA). Clusters are the points where the
ILI rate is considerably high (HH) or considerably low
(LL) in terms of geo-statistics. Outlier data are regions
where the ILI rate is high but are surrounded by regions
with low ILI rate (HL), or regions where the ILI rate is
low but are surrounded by regions with high ILI rate (LH)
15-17).

In the local Getis-Ord Gi* method, the weight is calcu-
lated by taking the neighborhoods into account. Neigh-
bourhood can be considered as adjacency or distance. In
addition, factors such as the duration of time needed to
travel, or the cost of traveling, can also be defined as
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neighborhood and weight. In this part, the fixed distance
band is used to determine the weights, so that the regions
which fall outside a fixed and specific distance do not
affect the internal regions (15-18). Statistical analyses
were done using the ArcGIS 10.2 software.

Hot and cold spot detection: The decision as to whether
regard regions as hot or cold spot is made using the Getis-
Ord Gi* statistic based on Z score (Formula 2). Regions
with a positive Z-score and values > 1.96 indicate a higher
rate and are considered as hot spots. Likewise, regions
with a negative Z-score and values <-1.96 indicate a low-
er rate and are cold spots (14-21).

i Wijxj=X 3] Wy

Formula (2) G = A ——— =
j n3f wii=(Zf W)

n-—1

In this formula, x; is the rate value for the j-th area. Wi
is the spatial weight between the i-th and j-th areas, and n
equals the total number of provinces. X and S are, respec-
tively, the arithmetic mean and the standard deviation of
the ILI rate in n provinces.

Results

The ILI rate from week 31 in each year until week 30 of
the next year in the period between 2011 to 2016 shows
that the lowest and the highest ILI rate belong to the 2013-
2014 and 2014-2015 seasons, respectively, with an ILI
rate of 159.11 (95%CI: 156.66 to 161.60) and 180.26

(95%CI: 177.65 to 182.9 (per 100,000 people (Fig. 1). It
becomes clear that the highest 5-year mean of ILI rate
belongs to the provinces of Zanjan, Markazi, Lorestan,
Ilam, North Khorasan, and South Khorasan (Fig. 2).

By using the Choropleth map and the two methods of
equal interval and natural break, variations in the disease
rate were examined. The equal interval method divides the
interval between the highest value and the lowest value
into equal intervals. In this method, in order to determine
the changing trend of the disease in different years, a fixed
classification is required. Here, the lowest ILI rate in dif-
ferent years, i.e. zero, was considered as the starting point
of the range, and the highest ILI rate in different years, i.e.
128.8 (95%CI: 126.60 to 131.04), as the endpoint of the
range. On this basis, the disease rate between the years
2011 through 2016, as well as the means for all years,
were classified (Figs. 3 & 4). The results show that during
the years 2011 to 2016, and based on the equal interval
method, the ILI rate has increased in some provinces,
including Kermanshah and Zanjan. Also, by examining
the statistical diagrams and using the equal interval and
natural break methods, it becomes clear that the highest 5-
year mean of ILI rate belongs to the provinces of Zanjan,
Markazi, Lorestan, Ilam, North Khorasan and South
Khorasan (Fig. 2). Moreover, in this study, in order to
identify the disease clusters and hot spots, the local Getis-
Ord Gi* method was used (Fig. 5). Accordingly, it can be
seen that the ILI rate during the seasons 2011 to 2013 in
the provinces of Razavi Khorasan and South Khorasan,
and during the seasons 2013 to 2016 in the Kermanshah
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Fig. 1. Incidence rates of the influenza-like illness per 100,000 individuals in Iran from 2011 to 2016
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Fig. 3. Choropleth Map of influenza-like illness Incidence Rate by equal interval and natural break clustering approaches from 2011 to 2016: Classes were

illustrated by colors.

province, has formed a cluster (a hot spot).

Discussion

In this study, various analyses in the GIS have been
used to understand the distribution of the ILI better. In
order to investigate the spatial distribution of ILI changes,
the Choropleth map method, together with the classifica-
tion methods of equal interval and natural break, was
used.
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Given the scattered status of the ILI in different prov-
inces in Iran and the inclusion of most of the provinces in
one class, the equal interval classification method does not
yield an appropriate visual interpretation in one year.
However, this method makes it possible to observe the
growth trend of the disease over different years, due to the
fact that the length of the intervals is constant over the
years (22). Moreover, the natural break method, with its
proper distribution of the number of provinces in each
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Fig. 5. Hot-Spot map of influenza-like illness Rate by local Getis from 2011 to 2016

class, provides an appropriate visual interpretation of the
status of the disease in one year. These results show that
the ILI rate has increased during the years 2011 to 2013 in
the provinces of Kermanshah and Zanjan. Bearing in mind
the vast area of Iran, simply through visual observations, it
is not possible to identify the disease clusters, or the hot
spots, where examining the disease is of great importance.

Accordingly, in this study, the local Getis-Ord Gi* clus-
ter detection method was used to identify the points where
the disease has clustered. The results of this method show
that the ILI hot spots during the years 2011 to 2013 have
been mostly on the eastern borders of Iran, while from
2014 to 2016, the clustering of the disease has been in the

west of Iran.

Examining the results reveals that the high rate of the
disease in a certain province does not necessarily imply
that those areas are hot spots, and that the use of appropri-
ate indicators is required to diagnose the clustering of the
disease.

Moreover, given the fact that cluster detection analysis
is based on points analysis, in the case of entering a re-
gion, the center of gravity of that region is generally con-
sidered to be representative. Therefore, choosing smaller
units can result in more accurate results. Accordingly,
given the large size and the heterogeneity of the provinc-
es, it is recommended that in future studies, smaller scales
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be used for analysis in order to identify clusters more ac-
curately. In addition, there is a probability of underesti-
mating the ILI cases in some places in a way that the data
were collected, which would be a limitation of this study.

Conclusion

According to the results of this study, which indicate
that the hot spots for influenza in recent years have been
centered on the western regions of the country, the disease
control authorities can focus on appropriate disease pre-
vention and control measures in these areas. It is hence
recommended that the control and research programs for
influenza in the western regions of the country be given
priority over other regions.
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