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GIS Determination of Malaria Hot Spots in
Qeshm Island, Iran

Abstract

Malaria disease is considered a healthy challenge in the south of Iran. Anopheles
stephensi is more responsible for the transmission of Plasmodium vivax to
indigenous people in the endemic areas of Iran. Since GIS is beneficial tool
in epidemiological study of tropical infections, all data were recorded into this
software and spatial mapping of our site was provided. In total, 173 cases were
reported during 2008-2017 from Qeshm Island, Hormozgan province, south of
Iran. Data was analyzed by ArcGIS v 10.5 to depict the risky and hot spots related
to our site. Winpepi v 3.18 was applied to evaluate the short seasonal peaks. Larak
Island is located at the east of Qeshm Island where was identified as a cold spot of
malaria transmission. Four districts including central part (Qeshm city, Dargahan &
laft), Ramkan, Suza, and Hengam determined as the hot spots of malaria infection.
Seasonal patterns appeared the significant short peak of 2 months (September-
October) and August-October (P<0.005). In addition, 5 months (June to October)
were more involved with malaria disease. This study presented that the foreign
laborers as imported malaria cases were more involved groups in Qeshm Island. In
order to accelerate the elimination phase of malaria, GIS mapping can be used for
monitoring hot spots authentically.
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Introduction

Malaria is caused by Plasmodium parasite, which is released
through the bite of female Anopheles spp. into the human
bloodstream [1]. Plasmodium falciparum, P. vivax, P. malariae,
and P. ovale parasites are responsible for malaria disease.
Furthermore, Plasmodium knowlesi as a zoonotic protozoan
discriminates a causative agent of malaria infection in the human
community [2]. Iran has been categorized into the pre-elimination
phase of this disease by WHO organization since 2009 [3]. Men
are mostly involved with malaria and 18.5% of cases are women.
Besides, Plasmodium vivax is the major causing parasite species
(=90%) of malaria that is more widespread in rural or undeveloped
regions [4]. Anopheles stephensi, A. culicifacies, A. fluviatilis, and
A. superpictus deserve as vectors of malaria [5] but An. stephensi
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is a predominant malaria vector in southern Iran [6]. This species
presented a resistance to DDT and lambdacyhalothrin insecticides
especially within indoor residual spraying (IRS) strategy in
endemic areas [7]. There was a huge decline in the number
of malaria cases during the 2008-2016 so that the incidence

rate reached from 11,460 to 705 because of intensive control
interventions [8]. On the other hand, imported malaria cases
originated from neighborhood countries have been increased in
three provinces (i.e. Hormozgan, Sistan & Baluchistan and Kerman
provinces) in recent years [9,10]. Since, malaria is significantly
associated with environmental and metrological factors, it can be
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monitored by GIS [11]. Geographical information system (GIS) is
commonly used for control and management of malaria. Herein,
it extrapolates a visual model based on climatic factors, vector
distribution, and breeding place of mosquitoes [12]. Risk maps
obtain from indices of infectious diseases linked to demographic
variables in GIS [13]. Spatial modeling is the strong approach that
can combine and analyze pathogens/host/vector distribution
through time or space simultaneously [14]. This valuable tool has
been applied in some researches associated with malaria aspects
(e.g. hot spot, ecology, and distribution of vectors) [15,16]. Many
precious efforts were undertaken toward the elimination of this
disease in Hormozgan province. The numbers of malaria patients
were 91 in 2017 compared with 578 cases in 2009 in this region.
Qeshm Island is ranked fourth based on the number of malaria
cases among all counties in Hormozgan province. We carried out
a study in Qeshm Island for the first time to design a GIS map
of hot spots in accordance to our data from 2008 to 2017. Our
finding can be used into elimination programme of malaria in
Qeshm district and other parts of the south of Iran.

Materials and Methods
Study site

This descriptive cross-sectional study was conducted in Qeshm
Island, Hormozgan province, south of Iran. The Island (26°41'43"N,
55°37'06"E) is located in the Persian Gulf with an area of 1,491
km? and 136,548 inhabitants. The average rainfall is 183.2 mm
also temperature is nearly 27°C. The early spring to the end of
summer seasons are warm with a high level of relative humidity.
Most people employed in the fishing industry and traditional
markets. Moreover, many foreign workers visit this county for
working and commercial activities each year [17].

Data processing and methodology

Malaria cases were identified by microscopic examination of
blood smear and rapid diagnostic tests (RDTs) through active case
detection (ACD) and passive case detection (PCD) surveillances
over ten-year period (2008-2017). Ten-year incidence rates
of malaria disease (No. of positive slides for malaria parasite
(during 2008-2017) x 1000/Total population at risk in 2017 for 7
districts of Qeshm Island was calculated. A Hot Spot Analysis was
applied based on Getis-Ord Gi statistic. These statistics provides
confidencelevel bin (Gi_Bin)foreachdistrict. High positive Zscores
(standard deviations) and low P-values (statistical probabilities)
for each bin demonstrate high malaria incidences clusters (hot
spots) and low negative Z scores and low P values indicate cold
spots of malaria incidences, that show the low malaria incidences
in cold spots compared with neighboring areas. The districts in
the +/-3 bins identify statistical significance a 99% Cl, the areas in
the +/-2 bins show a 95% Cl, the districts in the +/-1 bins identify
a 90% Cl and the places in bin 0 are not statistically significant.
ArcGIS 10.5 was used for hot spot analysis. Cochran Armitage (C-
A) test was performed in order to evaluate the malaria incidences
linear trend over the past 10 years. The malaria incidence rate
is the number of positive slides of parasite divided by the total
population at risk in a year multiplied by 1000). To appraise the
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seasonal patterns, the numbers of cases were required for a set
of full years (10 years) and before data using, monthly data for
every year must be combined. We analyzed deviations from a
uniform incidence (the expected distribution) with Freedman's
test, by entering monthly cases; the test uses a step distribution
similar to a Kolmogorov-Smirnov type statistic for a discrete
distribution. The critical values of the test were P < 0.05. The
Ratchet circular scan test was applied for evaluating the short
seasonal peaks. Peak periods of 2 and 3 successive months are
employed and the numbers of cases in every possible period of
that length are compared. Hewitt's rank-sum test was used to
investigate a seasonal peak. Test examined whole possible rank
sums for successive months by ranking the total monthly cases
for each period of 4, 5 and 6 months. Also, the peak periods have
highest rank sum. For evaluation of malaria incidences, linear
trend and appraisal of seasonal patterns, data were analyzed by
WinPepi software, version 3.18.

Ethical considerations

This study was confirmed by the ethical committee of Hormozgan
University of Medical Sciences (HUMS) also was conducted in
accordance to the ethical principles and the national norms and
standards for conducting Medical Research in Iran.

Results

A total of 173 cases (161 males (93.06%) and 12 females (6.93%))
were recorded in the center for disease control and prevention
(CDC) of Qeshm Island during the 10-year period (2008-2017).
From which, 27(15.6%) cases were indigenous and 146 (84.4%) of
them were determined as imported malaria cases. In addition to,
all local patients were affected by vivax malaria and falciparum
was founded in imported cases.

Hot spot analysis

This study demonstrated that none of the districts were
significantly hotspots of malaria incidances (95% Cl). Larak Island
is located at the east of Qeshm Island that was identified as a cold
spot of malaria incidances. No malaria cases were found from
Larak Island for 10 years. Four districts including central part
(Qeshm city, Dargahan & laft), Ramkan, Suza, and Hengam were
determined as the hot spots of malaria infection (90% Cl) that
indicate high incidences of malaria is clustered in central part
compared in neighboring areas. More foreign workers lived in
the central parts of Qeshm Island (Figure 1 and Table 1).

Linear trend analysis

The regression-based on C-A (degree freedom: 1) procedure
remarkably showed a decreasing linear trend of malaria incidence
rates (P= 0.00). The relative drop in malaria incidence rate was
12.55% per year (95% Confidence Interval for relative change:
-22.98 to -0.71%) (Figure 2).

Appraisal of seasonal variation

There were significant deviations from a uniform monthly
incidence of malaria in 10 years period (P< 0.01). 36.4% of malaria
cases were reported from September to October and 46.2% of
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Figure 1 Hotspot map of Ten-year (2008-2017) incidence rates
of malaria disease.

Table 1: Malaria incidence rates (MIR) in each district of Qeshm Island
over 10 years.

Salakh 0.84
Suza 0.54
Doulab 0.843
Larak Island 0
Hengam Island 1.88
Central part 1.42
Ramkan 1.83

Rate per 1000

L]
2008 2009 2010 2011 2012 213 2004 205 2#115 zﬁT:r

Figure 2 Simple linear regression on score (year) & regression
based on Cochran —Armitage procedure (C-A).

them from August to October. Seasonal patterns appeared the
significant short peak of 2 months (September-October) and
August-October (P< 0.05) (Figure 3).

Discussion

GIS is reliable tool for public health especially malaria that
provide us spatial trends and distribution of disease [18]. It
determines the association between the incidence of malaria and
epidemiological data of hot spots visually whereby GIS assists
malariologists and authorities who engaged in the strategies
to eliminate malaria [19,20]. Qeshm is a famous free economic
zone in Iran. The foreign laborers work at business centers
or fishing industry with less knowledge of malaria and poor
sanitation conditions [21]. They live in marginal parts and receive
inadequate health services. Often they didn’t cooperate with
health cares and kept themselves away from seeking medical
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visitors. This situation can spread malaria in the community
more than usual. Our result is line with a study performed by
Rodriguez-Morales et al. in Colombia [22]. This knowledge
showed that more cases inhabited in hot spots of Qeshm Island
(Qeshm city, Dargahan & laft), Ramkan, Suza, and Hengam)
and no cases were recorded from Larak district (Figure 1 and
Table 1). Most of them were Pakistani. The similar pattern has
been presented in other involved areas in south of Iran [23].
As claimed by Who, 57 indigenous cases have been reported
in 2017, and noteworthy less than the 12,000 indigenous cases
recorded in 2000 throughout the world [24]. Hot spots of our
places were consisted of fluid populations. It’s more likely that
movement to malarious destination increase the incidence rate
of infection [25]. The burden of disease is reduced along recent
years in our given area (Figure 2). Moreover, local transmission
of falciparum malaria has been stopped since 2014 in Qeshm
Island. It sounds that proper surveillance (active and passive),
spraying, authentic diagnostic technics, strong disease reporting
system, global fund partnership, and expanding the border
patrol stations had the pivotal impact on the reduction of this
involvement [6,7,26]. Fortunately, awareness rate and attitude
of malaria aspects are acceptable among rural inhabitants in
south of Iran that can lead to improve personal protection
against Anopheles bites [27]. Our data revealed that the most
cases belonged to June-October months specially September-
October (Figure 3). In contrast, malaria has been observed in
Sep-Oct (11) whereas that pattern had a peak during July-Aug
in other districts [28]. In general, malaria transmission has been
seen during all seasons except January—February in south of Iran.
In other terms, female of Anopheles species (e.g. An. stephensi,
An. culicifacies, An. dthali, and An. fluviatilis) with different
blood feeding behaviors (exophagic/endophagic) have greater
chance to seek own hosts for feeding [29]. Temporal pattern of
vivax malaria were December to March and February-June in
Peru compared to this research [30]. Also, April and September
were the predominant months engaged with malaria based on
GIS mapping view in India [31]. Temperature, relative humidity,
rainfall, and topographic components boost the population of
Anophelinae species [32]. Notably, the temperature oscillation
has powerful influence on malaria incidence in some parts [33].
Malaria transmission expands more rapidly at 35°C in India [34].
Ditches, trenches, oasis, and hollows under palm trees provide
the favorable setting for reproduction of mosquitoes in Qeshm
Island. Indeed, spatio-temporal models presented that landscape
trait particularly vegetation affects the development of female
mosquitoes [35].

Frequency
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Figure 3 Distribution of malaria cases in Qeshm Island by month
(2008-2017).
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Malaria is still reported from Hormozgan province. Many control
programs with high cost and specialist manpower have been
administrated against malaria since around 60 years ago in this
zone and we can’t ignore the glorious successes derived from
control even elimination stage of this infection.

Conclusion

Resistant/tolerance to insecticides in the genus Anopheles, the
failure rates of treatment with antimalarial drugs and illegal
immigration have established malaria in Qeshm Island and
Hormozgan province. The authors believe that diagnosis and
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