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Abstract

Background: Over the past years, the malaria elimination program has considerably decreased the malaria indigenous cases and
confined their incidence to the southeastern areas of Iran encompassing 28 less developed counties with favorable transmission
conditions.
Objectives: The aim of the study was to investigate the effects of climatic and socioeconomic indicators on malaria transmission
and to predict malaria transmission risk until 2025 for all the southeastern endemic counties in Iran.
Methods: The aggregated data from indigenous malaria cases, as well as, climatic and socioeconomic indicators of malaria endemic
areas were collected on the monthly basis from each county between 2005 and 2015. The collected variables were, then, estimated
until 2025 using time series analysis. Considering the nature of these data, two different multilevel models were implemented for
vivaxand falciparumbased on the socioeconomic variable that was used. Finally, applying two different models, two sets of estimates
were obtained for malaria transmission risk in each county.
Results: The annual decline of malaria transmission was estimated to be 17% based on model 1, and 25% based on the model 2 for
vivax (P < 0.001). These estimates were 13% and 21% for falciparum (P < 0.001), respectively. For every increased unit in the wealth
index, malaria transmission for vivax and falciparum decreased by 33% (P = 0.001) and 12% (P = 0.54), respectively. Also, for every
increase in the mean years of schooling, the transmission decreased by 65% (P < 0.001) and 57% (P = 0.001) for vivax and falciparum.
Conclusions: The results of this study, using climatic variables along with socioeconomic variables, indicated the obvious influence
of socioeconomic status improvement on decreasing malaria transmission. According to the results, malaria transmission risk will
considerably diminish in the next few years. The pattern of malaria transmission decline was consistent with the declining trend of
malaria incidence which will move from the west to the east and from the north to the south in the years to come. The transmission
risk for falciparum was considerably lower than that of vivax and the endemic areas of falciparum move towards 0 faster than vivax.
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1. Background

Malaria has still remained to be a major health issue
worldwide. According to the world health organization,
there were an estimated 214 million malaria cases and 438
thousand malaria deaths in 2015 with the majority of the
cases found in African countries (1). In spite of the extent
and the severity of the problem in such areas, malaria cases
have declined rapidly in recent years in a number of coun-
tries around the world including Iran. In the distant past,
malaria was a major health issue in Iran (2, 3). However, fol-
lowing the elimination program started in 2010, there has
been an accelerated decline in malaria cases in Iran, and
now they are limited only to some southeastern areas of

the country (4, 5). According to the reports of the National
Malaria Surveillance System, 799 malaria cases have been
reported in Iran in 2015 from which 167 cases were locally
transmitted and 632 were imported malaria cases.

Roughly about 90% of the locally-transmitted malaria
cases occur across the southeastern endemic areas each
year (6). The imported malaria cases, as well, enter these ar-
eas illegally via the eastern Iranian borders and are usually
detected within the mentioned southeastern endemic ar-
eas. These areas encompass 28 counties which have always
been the ground zero of malaria incidence in the past few
years, owing to favorable weather conditions, abundance
of malaria vectors, low socioeconomic conditions, prox-
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imity to foreign borders, and indiscriminate cross-border
traffic. By focusing on the southeastern areas as the hub
for malaria transmission and incidence, malaria elimina-
tion program in Iran has been scheduled to stop the lo-
cal transmission of falciparum cases until 2018, vivax cases
until 2022, and eventually, to obtain the certification of
malaria elimination by 2025 (4).

Many factors are associated with malaria transmission
including climatic and socioeconomic factors (7). Differ-
ent epidemiological models have been employed, aiming
at the investigation of the effects of these factors in malaria
incidence, as well as predicting transmission risk (proba-
bility of malaria occurrence). The effects of climatic vari-
ables on malaria transmission are well known and these
variables have been widely used in many studies regard-
ing malaria transmission (8, 9). The socioeconomic fac-
tors are, also, among the significant variables associated
with malaria transmission (10, 11) and have been used by
some studies (12, 13). A fewer number of studies have used
a combination of climatic variables along with socioeco-
nomic variables for the estimation of malaria transmission
(14, 15). Studies which were conducted in Iran have inves-
tigated the effects of a number of the above-mentioned
variables (mostly climatic variables rather than socioeco-
nomic factors) mainly in a limited geographical area (16,
17).

Studying both the climatic and socioeconomic vari-
ables can explain the trends of malaria cases and predict
their future path more accurately. Considering the declin-
ing trend of local malaria transmission in Iran, especially
in the southeastern areas, the prediction of local malaria
transmission across Iranian endemic areas, while taking
into account the determining factors (including both cli-
matic and socioeconomic factors) on transmission, in the
years ahead and in the time-place continuum, seems to
be necessary and will act as an instrument for a better
decision-making in the hands of the national executive di-
rectors of the elimination program. The maps illustrating
the predicted transmission risk across different counties
of the endemic areas in the years ahead can facilitate the
localization of the malaria foci to concentrate all the pre-
ventive measures on these areas. In the conducted review,
no studies were found to have carried out a comprehensive
simultaneous study of both climatic and socioeconomic
variables and the prediction of malaria transmission risk
across all Iranian endemic areas.

In this study, we attempted to investigate the effects
of climatic indicators alongside socioeconomic indicators
on the malaria transmission across the endemic areas of
Iran as one of the countries moving towards malaria elim-
ination. Furthermore, using multi-level models, malaria
transmission risk was predicted for the years to come. Our

results can be, also, employed by other countries in a simi-
lar stage of elimination.

2. Methods

2.1. Area of the Study

This study was focused on an area encompassing
28 counties located in three southeastern provinces of
Iran, covering nearly 283,000 km2 with a population of
4,640,000 people. The area neighbored Pakistan and
Afghanistan towards the east, and the Persian Gulf and the
Gulf of Oman towards the south (Figure 1). This area hosted
a population with a low socioeconomic status and, also,
provided more favorable conditions for malaria transmis-
sion (like the abundance of vectors, appropriate climatic
conditions, and indiscriminate cross-border traffic).

Figure 1. The Counties in the Southeast of Iran with Local Malaria Transmission on
Which the Study Was Conducted
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2.2. Data Collection andManagement

The study was a secondary analysis of the registered
cases in the Malaria National Surveillance System which is
based on the registration and the treatment of all malaria
confirmed cases. Because of the extensive activities related
to malaria control in all regions, particularly in malaria en-
demic areas of Iran in recent decades, the system is highly
sensitive to case detection, registration, and data manage-
ment which have been further improved after the malaria
elimination program was launched (18, 19).

The registered data from confirmed indigenous cases
(44,600 cases) since 2005 to 2015 separated by individual
health centers across the endemic region were collected
and cross-checked by two individuals to decrease any po-
tential errors. Subsequently, the collected data were cross-
checked with the data from the database of the Iranian
ministry of health and medical education, as well as, that
of the medical universities in the region. In addition, to en-
sure the accuracy of the recorded data, the authors sought
the consultation of local malaria experts. The data pertain-
ing to the health center of each county were, then, inte-
grated into their respective county.

The required variables for predicting malaria transmis-
sion risk were selected based on the epidemiological as-
pects of malaria transmission. The monthly climatic data
of the endemic region for the specific time period were
collected from the Iranian meteorological organization
separately by the synoptic centers. The employed socioe-
conomic indicators were wealth and education (years of
schooling). These data were extracted from the indicators
of the statistical center of Iran and the data from the cen-
suses for the time period 2005 to 2015 and were performed
on necessary manipulations. More details on the data ex-
traction are available elsewhere (20).

2.3. Data Analysis

Data analysis initially comprised a step-by-step estima-
tion of all the independent variables (Table 1) since 2015
until 2025 using time series analysis. In counties with no
synoptic center, the climatic data were estimated based on
the adjacent counties using co-kriging method via ArcGIS
9.3(ESRI, Redlands, CA).

The monthly incidence of locally transmitted vivaxand
falciparum malaria were our dependent variables. In or-
der to estimate the monthly probability of malaria trans-
mission, the mentioned variables were first converted to
a zero-one variable, such that “one” would represent the
presence of locally transmitted malaria in a month, and
“zero” would represent the absence of such transmission.
The hierarchical structure of the data called for a multi-
level analysis in which months were the micro level and

nested into the counties that were macro level. Using mul-
tilevel logistic analysis, the model was once implemented
for vivax and once again for falciparum malaria. The bivari-
ate models were performed first and subsequent to deter-
mining significant independent variables, the multivari-
able models were implemented. Due to the lack of over-
all fitness of the model at simultaneous use of the inde-
pendent variables of education and wealth, each of these
variables was used in a separate model. We were, eventu-
ally, left with four models: two models for vivax parasite
(the independent variables for model 1 were year, mean
of monthly temperature, monthly precipitation, monthly
humidity, monthly highest temperature, and education,
and the independent variables for model 2 were year, mean
of monthly temperature, monthly precipitation, monthly
humidity, monthly highest temperature, and wealth); and
an additional two models for the falciparum parasite with
the identical combination of the mentioned variables.

After determining the finalized model, the transmis-
sion risk estimation was carried out for all the given
months using Stata software 11.0 (Stata Corp., College Sta-
tion, TX). In the following step, the average transmission
risk was calculated for different months and years, once
for the entire endemic region, then over four time peri-
ods (2005 - 2009, 2010 - 2014, 2015 - 2019, 2020 - 2025) and,
eventually, for six geographical zones within the endemic
region. The geographical zones were: zone 1 encompass-
ing northeastern counties of the endemic region; zone 2,
the eastern counties neighboring Pakistan; zone 3, south-
ern areas neighboring Pakistan and the Gulf of Oman; zone
4 including the central areas of the endemic region; zone
5, northwestern areas; and zone 6 covering the southwest-
ern cities, for the most part, neighboring the Persian Gulf
(Please refer to Appendix 1 in the Supplementary File for
the map of the categorized zone). The transmission risk in
all the counties for vivax and falciparum parasites concern-
ing the four time periods with 5-year intervals (2005, 2010,
2015, 2020, 2025) were drawn and compared for all coun-
ties using ArcGIS 9.3.

2.4. Ethical Considerations

The collected data for the present study were aggre-
gated and did not include personal information. The re-
quired permits for accessing these data had been obtained
from the Iranian ministry of health and medical educa-
tion.

3. Results

This study was conducted on the malaria aggregated
data from 28 counties across the endemic region of Iran
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Table 1. Climatic and Socioeconomic Variables Which Were Used for the Estimation of Malaria Transmission Risk in Iranian Endemic Areas (2005 - 2025)

Variable Mean Standard Deviation Minimum Maximum

Mean ofmonthly temperature, °C 25.5 7.3 2.4 38.7

Monthly highest temperature, °C 36.0 7.2 17.4 51

Monthly precipitation,mma 9.8 17.5 0.0 208.2

Monthly humidity. % 42.3 16.9 9.4 85.0

Wealth 0.3 0.9 -1.9 2.8

Education (mean years of schooling) 5.3 1.2 2.7 9.2

ain millimeter.

since 2005 to 2015. The independent variables were cli-
matic variables, year, wealth, and education (Table 1).

According to multilevel analysis, in model 1 and model
2, malaria transmission for vivax declined by 17% and 25%
per year respectively which were significant (P < 0.001).
The similar figures, also, were significant for falciparum
malaria at 13% and 21% for model 1 and 2, respectively (P
< 0.001). The annual transmission for falciparum malaria,
in both models, showed a smaller compared compared
to vivax malaria. For every year of increase in the mean
years of schooling, malaria transmission for vivax and fal-
ciparum decreased by 65% (P < 0.001) and 57% (P = 0.001),
respectively, which were statistically significant. Further-
more, for every increased unit in wealth indicator, malaria
transmission for vivax and falciparumdecreased by 33% (P =
0.001) and 12% (P = 0.54), respectively, which was only sig-
nificant for vivax malaria. Based on the two models used,
for every one-degree increase in the monthly mean tem-
perature, transmission increased by 14% and 16% for vivax
malaria (P < 0.001), and by 25% and 26% for falciparum
malaria (P < 0.001), respectively (Table 2).

Two different models were used based on the socioeco-
nomic variable which was included in the model alongside
the climatic variables; model-1, education variable was in-
cluded; model-2, wealth variable was included.

Based on our estimation, the monthly average of
malaria transmission risk across different months in the
endemic areas showed that the highest malaria transmis-
sion risk for both vivax and falciparum was seen in the
months of July and August, whereas the lowest malaria
transmission risk was observed in Januarys and Decem-
bers. Malaria transmission risk followed a more or less
similar pattern across different months for vivax and falci-
parum. The only difference was that falciparum had more
months with the lowest malaria transmission risk (Figure
2, time period 2005 - 2025).

Investigating the monthly average of malaria trans-

Figure 2. Monthly Average of Estimated Malaria Transmission Risk Using Climatic
and Socioeconomic Variables for Vivax and Falciparum in Endemic Areas of Iran by
Time Periods

Based on the socioeconomic variable which was included in the model, alongside
the climatic variables, two different models were used; model-1, education variable
was included; model-2: wealth variable was included.

mission risk through different time periods since 2005 to
2025 showed that it gradually declined over time. The
pattern for transmission risk across different months was
roughly similar for vivax and falciparum. Maximum trans-
mission risk in all four time periods was seen in July and
August. The highest monthly transmission risk for vivax
and falciparum malaria was observed in July during the
time period “2005 to 2009” (Figure 2).

Investigating the designated zones showed that the
risk of malaria transmission (monthly average) in all the
zones was the highest in July and August. In addition,
zone 3 held the highest transmission risk for vivax and fal-
ciparum malaria. In this zone, the malaria transmission
risk was at its highest for June, July, August, and Septem-
ber, compared to the other months, a pattern not observ-
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Table 2. The Effects of Climatic and Socioeconomic Variables on Malaria Transmission Risk in Iranian Endemic Areas, 2005 - 2025a

Model Variable Vivax Falciparum

Odds ratio P 95% Confidence interval Odds ratio P 95% Confidence interval

Model-1

Year 0.83 < 0.001 0.80 0.87 0.87 < 0.001 0.81 0.94

Mean of monthly
temperature

1.14 < 0.001 1.09 1.19 1.25 < 0.001 1.18 1.33

Monthly highest
temperature

0.98 0.29 0.93 1.02 0.83 < 0.001 0.78 0.89

Monthly precipitation 1.001 0.55 0.997 1.005 0.99 0.07 0.98 1.00

Monthly humidity 1.02 < 0.001 1.01 1.03 1.003 0.37 0.99 1.01

Education (years of
schooling)

0.35 < 0.001 0.28 0.43 0.43 0.001 0.26 0.70

Model-2

Year 0.75 < 0.001 0.72 0.77 0.79 < 0.001 0.74 0.85

Mean of monthly
temperature

1.16 < 0.001 1.12 1.22 1.26 < 0.001 1.19 1.34

Monthly highest
temperature

0.95 0.03 0.91 0.99 0.83 < 0.001 0.78 0.88

Monthly precipitation 1.002 0.28 0.99 1.006 0.995 0.12 0.989 1.001

Monthly humidity 1.02 < 0.001 1.01 1.03 1.005 0.16 0.997 1.013

Wealth 0.67 0.001 0.53 0.84 0.88 0.54 0.59 1.31

a All models were significant (P <0.001).

able in the other zones. Zone 5 showed a lower transmis-
sion risk across different months compared to the other
zones (Please refer to Appendix 2 in Supplementary File for
monthly transmission risk in the categorized zone).

The developed GIS maps revealed that the transmis-
sion risk for vivax and falciparum in the endemic areas will
gradually decline over the next few years based on the two
adopted models used in five selected years. For all the se-
lected years, falciparum transmission risk shows lower fig-
ures compared to that of vivax. Moreover, the direction of
transmission risk decline is from the west towards the east
and from the north to the south (Figure 3).

4. Discussion

The present study showed that malaria transmission
risk in the endemic areas of Iran will decline over the next
few years. Other than time, wealth and education were,
also, associated with the decline of transmission. Malaria
transmission risk was higher in July and August compared
to the other months. Also, the direction of this decline in
the years to come will be west to east and north to south.
Southeastern areas of the endemic region (zone 3) had the
highest transmission risk over time.

Malaria elimination program was initiated in Iran in
2010 and the interventions of this program have signif-
icantly accelerated the declining trend of malaria cases
which had commenced prior to the elimination program.
This declining trend of incidence took a sharper pace for
vivax rather than falciparum. Although we did not find
any studies in Iran regarding the estimation of malaria

Figure 3. The Estimation of Annual Transmission Risk Using Two Different Multi-
level Models (Based on the Socioeconomic Variable Which Was Included in the Model
Alongside the Climatic Variables; Model-1, Education Variable Was Included; Model-
2, Wealth Variable Was Included) for Vivax and Falciparum in Endemic Areas of Iran
by County and Year

transmission risk covering all of the endemic areas for sev-
eral years, the declining trend of malaria transmission risk
matched that of malaria incidence in the endemic region
of Iran, which was supported by other studies (21, 22). The
study results revealed that the degree of annual transmis-
sion decline, based on both models, was smaller for falci-
parum than for vivax which seems to reflect the lower de-
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clining speed of annual falciparum incidence in the region
which was supported by another study conducted in the
same areas (4).

Increase in the “years of schooling”, as an important so-
cioeconomic indicator, decreased malaria transmission. It
seems that higher education brings about more appropri-
ate behaviors regarding malaria prevention and treatment
(23). Moreover, individuals with higher levels of education
can be more educable and they understand the health con-
cepts better (24). In addition, not only can higher educa-
tion promise a better socioeconomic status in the future,
but also it can be regarded as a proper indicator of the ex-
isting socioeconomic status.

In this study, a higher wealth indicator was associated
with a lower malaria transmission across the endemic ar-
eas. Other studies have, also, approved the association be-
tween wealth and malaria incidence as well (25, 26). Even
though malaria screening and treatment is totally free of
charge in Iran and households do not make any payments
for that, it seems that the domicile, the types of walls, cov-
erings for doors and windows and where they are built
within the structure, as well as, resting habits (like resting
outdoors) are closely associated with wealth. These factors
could affect the living conditions and as a result people
who are exposed to bites experience greater risk of malaria
transmission. Greater wealth and the higher level of educa-
tion mean more access to health services, more learning ca-
pacity, and better living conditions. All these factors would
limit the bite exposure and help people to more adapt to
appropriate preventive measures and medical behaviors.

In this study, the risk for malaria transmission in the
endemic areas was higher in July and August compared to
other months of the year. The results from other studies on
malaria outbreaks and incidence in Iran showed approxi-
mately a similar pattern of occurrence, which could sup-
port our finding (27, 28).

Although the conducted review did not come across
any similar studies under conditions of low endemicity
with vivax being responsible for the majority of the trans-
mitted cases, it seems that vast deterioration of the falci-
parum cases over the past years and the minimization of
the parasite reservoir have altered the transmission condi-
tions. This may be why falciparum transmission (compared
to vivax) was less influenced by increased wealth and edu-
cation.

Recent years have observed a sharp decline in malaria
incidence across Iranian endemic areas with vivax malaria
as the dominant type of incidence. Our results, indicating
the peak transmission risk during July and Augusts, grad-
ual annual decrease of transmission risk, and higher trans-
mission risk for vivax, were consistent with the actual cur-
rent results recorded by the local malaria surveillance sys-

tem which can, somehow, verify the accuracy of our esti-
mations.

Among the categorized zones, transmission risk across
different months was higher in zone 3 and lower in zone 5,
the latter of which encompasses more developed counties
and currently boasts significantly lower incidence com-
pared to the rest of the endemic areas. Whereas, zone 3
consists of less developed counties and due to vicinity to
the border, is exposed to indiscriminate cross-border traf-
ficking where malaria transmission conditions (including
climatic conditions and abundance and the variety of vec-
tors) are more favorable.

The review of the region’s serial maps for vivax and fal-
ciparum parasites shows that the gradual trend of trans-
mission risk declined during the years of the study and
moved from the west to the east and from the north to-
wards the south. It seems that over the next years, consid-
ering the measures of the elimination program, as well as,
further development of the endemic areas, the transmis-
sion risk in the majority of these areas will be minimal leav-
ing out only some limited less-developed areas adjacent to
the eastern borders.

The present study estimated malaria transmission risk
in the upcoming years for the different counties within
the Iranian endemic areas using climatic variables along-
side socioeconomic variables across a vast geographical
span. These estimates specify interventional priorities of
the Iranian malaria elimination program in the years to
come. The application of entomological variables has al-
ways been important in the modeling for malaria trans-
mission risk. With regard to the studied time period and
geographical area, we could not use such variables in this
study. If simultaneously used with other contributing fac-
tors for estimation of the transmission risk, incorporating
entomological can result in a more accurate and credible
risk estimation. Therefore, using entomological variable
in the estimation of the malaria transmission risk is war-
ranted in future studies.

4.1. Conclusion

Socioeconomic alongside climatic variables which
were employed in this study are among the important con-
tributing factors of malaria transmission. Having deter-
mined the trend and the direction of transmission risk de-
cline across the counties within the endemic areas, this
study pinpointed the areas requiring more attention in the
future concerning preventive programs.

This study can act as a guide for countries with similar
conditions to estimate malaria transmission risk for the fu-
ture and apply more focus on the areas prone to malaria
transmission.
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Supplementary material(s) is available here.
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