Original Article

http://mjiri.iums.ac.ir

Medical Journal of the Islamic Republic of Iran (MJIRI)

1

2,

Check for
updates

Med J Islam Repub Iran. 2021(31 Aug);35.110. https://doi.org/10.47176/mijiri.35.110

Epidemiology incidence and geographical distribution of Meningitis using
GIS and its incidence prediction in Iran in 2021

Ghobad Moradil, Seyed Mohsen Zahraeiz, Zaher Khazaeis, Parvin Mohammadi4, Sirous Hemmatpours,
Katayoun Hajibagheris, Fatemeh Azimianz, Hasan Naemi7, Elham Goodarzi®*

Received: 15 Feb 2020 Published: 31 Aug 2021

Abstract

Background: Meningitis is classified as a medical emergency where the identification and early treatment of bacterial meningitis
can eliminate serious consequences, such as hearing loss, memory problems, learning disabilities, brain damage, seizures, and death.
The purpose of this study was to investigate the incidence and geographical distribution of meningitis using Geographic Information

system (GIS) and to predict its incidence in Iran in 2021.

Methods: This was a descriptive analytical study. Information on pertussis was obtained from the Center for Communicable
Diseases Control during 2010-2015. In the next step, ArcGIS 9.3 was used to prepare geographic maps of the disease incidence and
frequency. Then, the disease prediction map was drawn using the Raster Calculator tool.

Results: The results showed that the highest incidence of meningitis during 2010-2015 was in Qazvin, Qom, and Kurdistan
provinces. The incidence of meningitis in Iran increased from 9.77 in 2010 to 10.33 in 2015. Based on the modeling results for Iran,
Qom, Qazvin, Kurdistan, Hamadan, and Mazandaran provinces with 78.89%, 74.68%, 70.07%, 43.97%, and 22.93% of their areas
(Km?) are at high risk for meningitis in the coming years, respectively.

Conclusion: According to the results of this study, it can be concluded that Qom, Qazvin, Kurdistan, Hamedan, and Mazandaran
provinces are at risk of the disease. Monitoring vaccination in high-risk groups can partially prevent the incidence of the disease in

these areas.
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Introduction

Meningococcal meningitis is a type of acute central
nervous system infection that is caused by Neisseria men-
ingitides (1). The disease causes approximately 171,000
deaths worldwide annually. If not treated, it will lead to
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death in 50% of the cases (2). Children always have the
highest percentage of infections. Bacterial meningitis re-
mains an important cause of mortality despite increased
access to potent and advanced antibiotics. Overall, mortal-

tWhat is “already known” in this topic:
Bacterial meningitis remains an important cause of mortality
despite increased access to potent and advanced antibiotics.

—What this article adds:

Some provinces are at risk of bacterial meningitis disease in
2021 year. Monitoring vaccination in high-risk groups can
partially prevent the incidence of the disease in these areas.



https://crossmark.crossref.org/dialog/?doi=10.47176/mjiri.35.110
https://orcid.org/0000-0003-2232-1860

Geographical distribution of Meningitis in Iran

ity rates from bacterial meningitis in children are reported
to be 20% to 30%, which reduces with age up to 25 years
(3). Complications of the disease include blindness, hear-
ing loss, neurological disorders, decreased consciousness,
and paralysis (4).

The incidence of meningitis worldwide is estimated to
be 20 cases per 100,000 people; that is, about 1.2 million;
the incidence and causes vary across geographic regions
(5). Most outbreaks occur in sub-Saharan Africa. The epi-
demic of meningococcal infections in Africa, New Zea-
land, and Singapore indicates that the infection is still a
major health problem or a global outbreak. Australia,
Norway, the Netherlands, China, Egypt, and Saudi Arabia
are among the areas where the disease epidemic occurred
(6).

In Iran, the average incidence rate reached from 1.3 in
1988 to 2.7 per 100,000 people in 2008. According to the
studies conducted in Iran, the prevalence of pneumococcal
meningitis in children under 10 years old is 36% and in
those over 10 years old is 20%. There is insufficient in-
formation on the epidemiology of bacterial meningitis in
Iran. In Iran, meningitis is most likely considered a public
health hazard associated with severity of illness, mortality,
and high costs for health care providers because of the
lack of a routine vaccination program for meningeal dis-
eases, such as pneumococcus (7).

Monitoring infectious diseases has become one of the
top priorities in the health care systems (8). As public
health and disease dissemination issues are directly related
to the geography of the region and always have a spatial
dimension, the geographic information system (GIS) can
play a significant role in managing and planning public
health issues and studying disease propagation (9). The
GIS is a useful application that can investigate the causes
by presenting the geographical distribution pattern of the
disease and quantitatively and qualitatively illustrates the
spatial distribution of the illness. In this way, it can help
health and treatment decisions to prevent and control the
disease (9-12). Therefore, the purpose of this study was to
investigate the incidence and geographical distribution of
meningitis using the GIS and to predict its incidence in
Iran in 2021.

Methods

This was a descriptive analytical study with applied re-
sults. The research uses spatial and climatic information
and incidence rate of meningitis in Iran. Initially, the in-
formation on meningitis was obtained from the Center for
Communicable Diseases Control during 2010-2015. The
incidence and frequency table for bacterial meningitis was
prepared for each year and the incidence rate was calcu-

lated for 100,000 people in Iran. In the next step, the GIS
was used to prepare geographic maps of the disease inci-
dence and frequency. To prepare the spatial database for
the disease, the vector map of Iran’s administrative divi-
sions for 2017 used by the National Mapping Organiza-
tion was used to link descriptive information about the
disease to the spatial data in the GIS environment. The
geographical locations were verified through Google
Earth. When the geographic database of the disease was
developed, descriptive information, such as incidence and
frequency of the disease, was added to the GIS descriptive
table using Excel. Next, a spatial analysis was prepared to
map the incidence and frequency distribution of disease
during 2005-2015 in the GIS environment through Sym-
bology functions. With the information of each province,
the incidence and frequency map of the disease was pre-
pared for the whole country. To plot the disease predic-
tion map, it was assumed that the probability of disease
occurrence was higher in regions with the highest inci-
dence and the highest incidence of the disease in a statisti-
cal period. Therefore, using the Raster Calculator tool, the
fuzzy map of the disease over a given period was multi-
plied by the disease recurrence map, and the disease pre-
diction map was eventually drawn (13). The map shows
the most likely areas for disease incidence in red.

With the information of each province available, the in-
cidence and frequency of disease was developed for the
whole country. In order to plot the map of interpolation,
the inverse distance interpolation method was used (14).

High-Risk Points Analysis

The Getis-Ord-Gi* statistic was used for an appropriate
spatial distribution of hot and cold spots. A disease is rec-
ognized as a hot spot when its figures and those of its sur-
rounding conditions are fairly high. When the Getis-Ord-
Gi* statistic is calculated to be 1, 2, and 3, the CI is esti-
mated at 99%, 95%, and 90%, respectively (15).

As the incidence data are obtained based on the findings
of routine health care system, the difference in incidence
that was observed in different provinces can be largely
dependent on the sensitivity of the health care system to
record and report cases in these provinces.

Results

The results showed that 59.6% of patients with meningi-
tis were men, 71.5% were urban dwellers, and the out-
come of treatment in 71.7% of cases was recovery (Table
1).

The results show that most meningitis cases during
2010-2015 were reported in June and May (Fig. 1).

The results showed that the highest incidence of menin-

Table 1. Demographic information of Meningitis patients in Iran during 2010-2015

Variable Frequency (%)
Sex Female 18805 (40.4)
Male 27370 (59.6)
Place of resi- City 33254 (71.5)
dence Village 13239 (28.5)
Treated 33313 (71.7)
Outcome Death 949 (2)
Unknown 12231 (3.26)
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gitis during 2010-2015 was in Qazvin, Qom, and Kurdi-  Iran increased from 9.77 in 2010 to 10.33 in 2015 (Fig. 2).
stan provinces (Table 2, Map 1). According to the latest information on the incidence of
The results indicated that the incidence of meningitis in  the disease (incidence in 2015), Qazvin, Qom, Kurdistan,
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Fig. 1. Meningitis frequency according to the months reported
Table 2. Incidence of Meningitis per 100,000 population in Iran during 2010-2015
Province 2010 2011 2012 2013 2014 2015
East Azerbaijan 4.16 3.84 11.19 6.96 4.52 4.77
West Azerbaijan 2.47 2.86 3.33 497 428 3.82
Ardebil 233 4.25 4.53 3.55 1.57 2.49
Isfahan 4.05 3.03 6.46 11.56 9.47 9.47
Alborz 2.61 2.61 2.32 3.04 4.16 4.24
Tlam 8.83 11.29 16.52 7.73 1.91 1.20
Bushehr 3.00 2.52 2.37 3.99 3.18 5.52
Tehran 497 5.28 4.67 6.28 5.69 5.87
Chaharmahal va Bakhtiari 8.69 9.83 11.39 12.80 8.23 8.15
Southern Khorasan 4.87 7.99 6.75 6.80 16.18 11.83
Khorasan Razavi 13.69 11.16 10.90 11.31 9.74 7.57
Northern Khorasan 8.64 6.80 7.86 9.23 14.02 32.67
Khuzestan 5.20 3.57 6.03 7.32 9.27 4.03
Zanjan 7.86 10.04 11.11 12.92 19.10 20.23
Semnan 6.90 5.71 14.66 10.60 20.09 18.72
Sistan and Baluchestan 1.56 1.85 1.39 1.50 0.84 0.36
Fars 7.56 8.11 6.96 7.70 5.43 3.58
Qazvin 142.05 115.89 70.92 82.14 76.41 82.00
Qom 25.40 27.17 23.89 33.61 46.29 52.79
Kurdistan 67.05 47.05 48.07 53.24 53.35 46.25
Kerman 2.12 1.70 3.32 4.56 4.69 5.04
Kermanshah 2.54 7.04 7.32 7.44 4.82 5.06
Kohgiloyeh and Boyerahmad 5.51 8.04 7.32 12.19 4.19 6.54
Golestan 1.26 0.96 1.60 3.10 1.44 1.42
Gilan 1.99 1.77 2.48 2.95 3.05 3.26
Lorestan 1.60 1.94 17.29 17.31 16.16 16.80
Mazandaran 18.60 18.31 17.68 21.23 20.73 22.47
Markazi 3.50 3.68 3.57 2.70 2.95 2.31
Hormozgan 0.52 0.25 0.62 1.40 1.19 0.88
Hamedan 18.03 28.56 39.25 35.23 38.13 39.05
Yazd 16.65 19.93 17.85 17.97 18.46 15.06
Whole country 9.77 9.17 9.75 10.97 10.58 10.33
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Fig. 2. Trend of meningitis incidence in Iran during 2010-2015
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Map 1. Meningitis incidence in Iran during 2010-2015

and North Khorasan provinces had the highest incidence
in 2015. Based on the GIS maps of the whole country,
7.4% of the total area of Iran (120669.6 km?) comprising
parts of Isfahan, Alborz, Ilam, East Azarbaijan, West
Azarbaijan, Tehran, Khorasan Razavi, North Khorasan,
Zanjan, Semnan, Qazvin, Qom, Kurdistan, Kerman, Ker-
manshah, Kohgiluyeh & Boyer Ahmad, Gilan, Lorestan,

4 http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2021 (31 Aug); 35:110.

Mazandaran, Markazi, Hamedan, and Yazd provinces are
at high risk for Malta fever in the coming years (2021).
Based on the modeling results in Iran, Qom, Qazvin, Kur-
distan, Hamadan, and Mazandaran provinces with
78.89%, 74.68%, 70.07%, 43.97%, and 22.93% of their
areas, respectively, are at high risk for meningitis in the
coming years (Map 2).
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Map 2. Prediction of high-risk areas for meningitis incidence in Iran in 2021

Discussion

Meningitis can be life threatening. It is classified as a
medical emergency, where the identification and early
treatment of bacterial meningitis can eliminate serious
consequences, such as hearing loss, memory problems,
learning disabilities, brain damage, seizures, and death
(16). Viral meningitis could improve without treatment,
but bacterial meningitis is very serious and requires
prompt antibiotic treatment. Since bacterial infections are
the most serious and dangerous ones, finding the source of
infection is an important part of the treatment plan. There-
fore, identifying high-risk areas can help reduce the inci-
dence of the disease. In recent years, significant progress
has been made in identifying the pathophysiology of bac-
terial meningitis and treatment methods. However, bacte-
rial meningitis remains an important cause of mortality
and morbidity. Therefore, monitoring infectious diseases,
especially central nervous system infections, is an im-
portant priority in the health care systems (17-19).

The results showed that the highest incidence of menin-
gitis during 2010-2015 was in Qazvin, Qom and Kurdistan
provinces. The incidence of meningitis in Iran increased
from 9.77 in 2010 to 10.33 in 2015. Based on the model-
ing results for Iran, Qom, Qazvin, Kurdistan, Hamadan,
and Mazandaran provinces with 78.89%, 74.68%,
70.07%, 43.97%, and 22.93% of their areas are at high-
risk for meningitis in the coming years, respectively. The
study results showed that the highest incidence of menin-
gitis during 2010-2015 was in Qazvin, Qom, and Kurdi-
stan Province, respectively. It may be that the disease care
system is more dynamic in these provinces and the infect-
ed cases are reported more fully to the Disease Manage-
ment Centers and the Department of Vaccine-preventable
Diseases (20, 21).

Investigations in Iran in 2004 showed that Khorasan,
Qom, and Qazvin provinces had the highest incidence rate

with more than 4 cases per 100,000 population. There
have been 2 major changes in the epidemiology of acute
bacterial meningitis in recent years. The first is the reduc-
tion of the incidence of Haemophilus meningitis in coun-
tries where the Haemophilus influenzae type b vaccination
program is widespread (22). The incidence of meningitis
has increased in recent years. Since the beginning of 2008,
medical universities across the country made electronic
reports directly on the Portal of Infectious Diseases Man-
agement, resulting in a dramatic increase in case reports as
compared to previous years. As a result, we have wit-
nessed an increasing trend in the incidence of the disease
in recent years.

In recent years, all of the cases of meningitis, whether
purulent or nonpurulent, have been reported as an overall
amount, which has led to an increase in the number of
cases. Since the beginning of 2008, a traditional reporting
method of meningitis has been changed to an electronic
reporting method so that medical universities of the coun-
try could register their reports directly in the Center for
Communicable Diseases Control portal electronically. As
a result, a considerable increase was observed in reporting
the number of diseases compared to 2 to 3 years ago. On
the other hand, in recent years, incidence cases have been
reported based on definition of suspected, probable, and
definitive cases. However, before 2008, the reported cases
were limited to definitive cases, which may partly justify
the increase in reporting the disease in recent years.

Based on the modeling results for Iran, it was found that
Qom, Qazvin, Kurdistan, Hamadan, and Mazandaran
provinces, with 78.89%, 74.68%, 70.07%, 43.97%, and
22.93% of their areas, are at high-risk for meningitis in the
coming years, respectively. The reason for this difference
may be found in vaccination programs. Some types of
meningitis, such as meningococcal, influenza B, pneumo-
coccal, or emulsion virus infection may be prevented
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through immunization. Vaccination of young men before
their military service term and vaccination before travel-
ing to pilgrimage areas is effective in reducing the inci-
dence of the disease (23, 24).

Conclusion

According to the modeling results related to provincial
areas, the provinces of Qom, Qazvin, Kurdistan, Hame-
dan, and Mazandaran are at high-risk of meningitis in Iran
in the coming years, respectively. Therefore, implementa-
tion and further monitoring of vaccination programs in
these areas can prevent the disease incidence.
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