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Abstract

Background and Objectives: Malaria has still remained to be a major health problem
worldwide. In the distant past, malaria was a major health issue in Iran. Over the
past years, the malaria elimination prdgram which commenced in 2010, has
considerably decreased the malaria indigenous cases and confined their incidence to
the southeastern areas of Iran. The aim of this 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 counties in Iran. The present study
also attempted to assess the effectiveness of the elimination program by comparing
the trend of malaria incidence across malaria-endemic areas between the pre-
elimination phase, and the elimination phase.

Methods: The aggregated data from indigenous malaria cases, as well as, climatic
and socioeconomic indicators, were collected on the monthly basis from all of the
counties of Iran between 2001 and 2015. The collected variables were, then,
estimated until 2025 using time series analysis. The climatic variables were
estimated using Co-krigging method in GIS, for the counties which these variables
were not available. Due to the lack of overall fitness of the final model at
simultaneous use of the independent variables of education and wealth, each of these
variables was used in a separate model. In an attempt to study and compare the trends

of malaria incidence in the endemic areas, between the pre-elimination phase, and
~ the elimination phase, a retrospective analysis of malaria surveillance data, using
multilevel Poisson regression was conducted. The annual maps of malaria incidence
and transmission risk (2001 -2025) in all the counties for vivax and falciparum
parasites were prepared using ArcGIS 9.3.

Results: The annual decline of malaria transmission was estimated to be 11% based
on model 1(education variable was used), and 17% based on the model 2(wealth
variable was used) for vivax (P-value < 0.001). These estimates were 7% and 15%
for falciparum (P-value < 0.001), respectively. For every increased unit in the wealth
index, malaria transmission for vivax and falciparum decreased by 20% (P-value =
0.001) and 11% (P = 0.3), respectively. Also, for every increase in the mean years
of schooling, the transmission decreased by 48% (P < 0.001) and 52% (P = 0.001)
for vivax and falciparum. The transmission risk for vivax and falciparum in Iran will
gradually decline over the next few years. For all of the years, falciparum



transmission risk shows lower figures 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. The highest monthly incidence of malaria indigenous cases was
observed in September and October and the highest monthly of transmission risk for
vivax and falciparum malaria was seen in July and August. During the malaria
elimination phase, the decline of annual malaria incidence had significantly
accelerated and autochthonous cases had the greatest difference in malaria incidence
decline (compared to the pre-elimination phase), whereas, falciparum cases had the
lowest difference in malaria incidence decline, followed by non-Iranian and
imported cases.

Conclusion: The results of this study, indicated the obvious influence of
socioeconomic status improvement on decreasing malaria transmission. According
to the results, malaria transmission risk will considerably diminish and concentrate
in the southeast areas in the years to come. The pattern of malaria transmission
“decline was consistent with the declining trend of malaria incidence. Considering
the important role of the malaria elimination programme, concentrating the
preventive measures according to the transmission risk maps, which were prepared
in this study, is suggested. Socioeconomic improvement of the southeast counties
and also vigilance surveillance of imported cased, would accelerated the goals set
regarding the elimination of malaria in Iran.

Keywords: Malaria, Iran, elimination program, transmission risk, GIS,
Socioeconomic improvement




