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ABSTRACT

INTRODUCTION: Malaria is a life-threatening acute febrile illness which is affecting the lives of millions globally. Its distribution is character-
ized by spatial, temporal, and spatiotemporal heterogeneity. Detection of the space-time distribution and mapping high-risk areas is useful
to target hot spots for effective intervention.

METHODS: Time series cross sectional study was conducted using weekly malaria surveillance data obtained from Amhara Public Health Institute.
Poisson model was fitted to determine the purely spatial, temporal, and space-time clusters using SaTScan™ 9.6 software. Spearman correlation,
bivariate, and multivariable negative binomial regressions were used to analyze the relation of the climatic factors to count of malaria incidence.

RESULT: Jabitenan, Quarit, Sekela, Bure, and Wonberma were high rate spatial cluster of malaria incidence hierarchically. Spatiotemporal
clusters were detected. A temporal scan statistic identified 1 risk period from 1 July 2013 to 30 June 2015. The adjusted incidence rate ratio
showed that monthly average temperature and monthly average rainfall were independent predictors for malaria incidence at all lag-months.
Monthly average relative humidity was significant at 2months lag.

CONCLUSION: Malaria incidence had spatial, temporal, spatiotemporal variability in West Gojjam zone. Mean monthly temperature and
rainfall were directly and negatively associated to count of malaria incidence respectively. Considering these space-time variations and risk

factors (temperature and rainfall) would be useful for the prevention and control and ultimately achieve elimination.
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Introduction
Malaria is a common and life-threatening acute febrile illness in
many tropical and subtropical countries, and is caused by 5 differ-
ent parasites of protozoan species: P falciparum, P malariae,
P ovale, P vivax, and P knowlesi. It is transmitted by female
Anopheles mosquitoes bite between dusk and dawn. P, falciparum
can be fatal if treatment is delayed.? Species other than P falciparum
result insignificant morbidity but are rarely life-threatening.3-¢

It is World Health Organization’s (WHO) vision to see a
world free of malaria by ensuring universal access to malaria
prevention, diagnosis, and treatment, accelerating efforts toward
elimination, transforming malaria surveillance, harnessing
innovation and expanding research and strengthening the ena-
bling environment. Despite interventions, gains achieved are
fragile and unevenly distributed. The human toll of malaria
remains high due to lack of robust, predictable, and sustained
financing compounded by the difficulty in maintaining political

commitment and ensuring regional collaboration. Since 2014,
investments in malaria control have declined in many high-
burden countries. The second important challenge is biological:
the emergence of parasite resistance to anti-malarial medicines
and of mosquito resistance to insecticides.*”

Globally, there were an estimated 241 million malaria cases
in 2020 in 85 malaria endemic countries, increasing from
227 million in 2019, with an estimated 228 million cases in
2020 (95% of cases globally) coming from the WHO African
Region. More than 3 quarters (79%) of the US$ 3.3billion
invested in 2020 benefited the WHO African Region. To reach
over 80% coverage of currently available interventions, invest-
ment in malaria needs to increase substantially above the cur-
rent annual spending of about US$ 3.3 billion.?

In Ethiopia, more than 75% of the total area is malarious
where over 63 million people live in these areas. Benshangul
Gumuz, Gambela, Tigray, and Amhara Regional States are
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Figure 1. Map of the study area, West Gojjam.

among the regions with the highest proliferation of the disease.’
Ethiopian highlands were home to the majority of the country’s
population where the cooler climate serving as a natural buffer
against malaria transmission. But now, a new data showed that
increasing temperatures over the past 35years are eroding this
buffer, allowing conditions more favorable for malaria to begin
climbing.'%1! There was a clear decrease in the malaria inci-
dence rate and malaria death rate in Ethiopia, however, its inci-
dence remained high: 19.8 cases per 1000 people in 2016,
which exceeds the WHO standard for pre-elimination.!3

Malaria remains to be the major public health challenge in
the Amhara Region. Among 10 zones and 3 town adminis-
trations of Amhara Region, West Gojjam Zone alone accounts
for one-third of the malaria burden.!’

Understanding the epidemiology and the disease pattern in
time and space is indispensable to manage the disease proac-
tively. Thus, the identification of geographical areas using geo-
graphic information systems and spatiotemporal statistical
analyses has become indispensable for proper allocation and
mobilization of resources. However, there is scanty of informa-
tion on district level spatial, temporal, and spatiotemporal clus-
ter evidence on malaria incidence and risk factors in West
Gojjam Zone. Therefore, the this study was aimed to assess
spatial, temporal, and spatiotemporal distribution patterns and
risk factors associated to count of malaria incidence in West

Gojjam Zone from 1 July 2013 to 30 June 2018.

Methods
Study area

The study was conducted in West Gojjam Zone. All districts were
included and studied. West Gojjam is located in the Northwestern
and north-central parts of Ethiopia. The average altitude of West
Gojjam is 1920 m above sea level. The mean annual rainfall in the
West Gojjam is 1352.9ml, and the annual mean temperature
ranges 12.9°C to 29.5°C.16 West Gojjam Zone alone accounts for
one-third of the malaria burden of Amhara Region." The town of
this zone is Finote Selam, which is 246 and 173 km far from Addis
Ababa, the capital of Ethiopia, and the city of Amhara Region,
Bahir Dar respectively. West Gojjam is bordered on the south by
the Abay River which separates it from the Oromia Region and
Benishangul-Gumuz Region, on the west by Agew Awi, on the
northwest by North Gondar, on the north by Lake Tana and the
Abay River which separates it from the South Gondar, and on the
east by East Gojjam (Figure 1).

Study design and period

A retrospectively analysis was conducted from 1 July 2013 to
30 June 2018 using a malaria data obtained from the Amhara
Public Health Institute and climatic data obtained from West
Amhara Meteorology Agency. All districts were included in to

the study without sampling. The temporal analyses were based
on WHO epidemic weeks.
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Data management and analysis

The malaria case data was received from the Amhara Public
Health Institute on a formal basis. The data were collected
from health facilities by passive surveillance in a weekly basis,
and was accurate, complete and relevant to be researched. The
malaria datasets were aggregated at a district levels and com-
prised information on malaria cases, type of parasites (P falci-
parum, P vivax), age category as (<5, 5-14, =15) and time of
illness (week and year). Climatic data was obtained from West
Amhara Meteorology Agency.

The spatial coordinates (the latitudes and longitudes) for
each district were obtained from the Central Statistical Agency’s
polygon shape file. The spatial data were then created in
ArcGIS10.2.2 for each district. The population data were used
to calculate annual malaria incidence and used as known under-
lying population at risk to fit Poisson model. Population data was
obtained from Central Gondar Zone Health Department.

A shape file with district boundaries and polygon shapes
were obtained from the Amhara Region Central Statistical
Agency (CSA) and each district was geo-referenced to its geo-
graphic centroid. Then, the spatial data was created in
ArcGIS10.2.2 version software for each district.

Weekly and annual cumulative malaria incidences of each
district were calculated and plotted to check the annual fluc-
tuations of malaria transmission from 1 July 2013 to 30 June
2018. The number of malaria cases to the population at risk
was used to calculate the monthly and annual cumulative
malaria incidences during the specified period.

The discrete Poisson model: The discrete Poisson model
was used because the number of cases in each location was
Poisson distributed and the nature of the data was count,!” and
the population was the combined number of person-years lived
used to fit the Poisson model.

Purely spatial clusters: This spatial statistical analysis
method employs the creation of a circular window that scans
the entire study area. Since researchers recommend the maxi-
mum-size be no greater than 50%, that is a reported cluster can
contain at most 50% of the total population at risk,!® so maxi-
mum cluster size used was 50% of the population at risk. The
circle with the maximum likelihood ratio containing more
cases than expected is identified as the most likely (primary)
cluster.!” The P-value was estimated using Monte Carlo simu-
lations,!® and a significance level of alpha <.05 was used to test
whether the cluster was significant.

Spatiotemporal clusters: The space-time scan statistic was
employed to detect clusters in both space and time using a
cylindrical window. Districts with a significant number of cases
within the corresponding time were identified using a P-value
that was determined using Monte Carlo simulations. For
space-time analyses, the most likely cluster (primary) were
identified using an iterative manner as described in Kulldorft,?
and P-value was generated using Monte Carlo simulations, and
significance level of alpha <.05.

Purely temporal clusters: Temporal scan statistics used a
window that moved in 1 dimension only using the height of
the cylindrical window as the time dimension. A P-value was
generated using Monte Carlo simulations like spatiotemporal
clusters. Like spatial and spatiotemporal clusters, a significance
level of alpha <.05 were used to identify a significant risk
period. For purely temporal analyses, only the most likely clus-
ter was reported. The scan was used to scan for areas/districts
and times/periods with high rate malaria clusters.

Statistical analyses were performed and reported using
Excel, SaTScan™ 9.6 and ArcGIS10.2.2 software. Excel
spreadsheet was used to describe data by drawing line graphs.
Spatial and spatiotemporal clusters were analyzed using
SaTScan™ 9.6. ArcGIS 10.2.2 was used to plot significant
spatial clusters, and to compute distribution pattern (Global

Moran’s I), and hot spot (Getis-Ord Gi* statistic).

Correlation and regression analysis

Spearman’s correlation, bivariate, and multivariable negative
binomial regressions were performed to test the relationship
between climatic factors and count of malaria incidence.
Correlation analysis was done considering 0, 1, and 2 lag
months of the climatic variables to count of malaria incidence.
The multicollinearity between climate variables using the
Variance Inflation Factor (VIF) was checked before the multi-
variable regression analysis and was found to be < 5.

A bivariate negative binomial regression was performed to
check the crude associations between the climatic factors and
count of malaria incidence. Variables with P-value <.2 were
entered into the final model. In the multivariable negative
binomial regression model, adjusted Incidence Rate Ratio
(IRR) with 95% Confidence Interval (CI) was calculated to
identify the independent effect of each explanatory variable
with the outcome variable. A significance level of .05 was con-
sidered for all statistical tests. Adjusted IRR with 90% CI was
used to declare statistical significance by SPSS 20.

Ethical clearance

Ethical clearance was obtained from the Research and Ethical
Review Board of Institute of Public Health, College of
Medicine and Health Sciences, University of Gondar.
Supportive letters were written to Amhara Public Health
Institute, West Amhara Meteorology Agency, and Central
Gondar Zone Health Department for retrieving data from
records. All the information was kept confidential and no indi-
vidual identifiers were collected.

Results
Distribution of malaria infections
A total of 342947 malaria cases were reported from 1 July,

2013 to 30 June 2018 among 13 districts. Plasmodium falcipa-
rum 58.76% (201510) was the dominant species compared to
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Figure 2. District level annual cumulative malaria incidence in West Gojjam, 1 July 2013 to 30 June 2018.
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Figure 3. Temporal variation of malaria cases in West Gojjam, 1 July 2013 to 30 June 2018.

Plasmodium vivax 41.24% (141437). The highest proportion,
69.33% (237753) of the malaria cases, was accounted by
=15years of age, followed by 18.38% (63049) which was
accounted by 5 to 14years of age. The <5 accounted 12.29%
(42145) of malaria cases.

The average cumulative annual malaria incidence was 29.10
per 1000 population at risk, 2.91 in percent. The highest cumu-
lative annual malaria incidence, 144.4 per 1000 population at
risk occurred in Jabitenan district in 2015/16. Whereas, the
lowest incidence, 3 per 1000 population at risk occurred both
in Bahir Dar Zuriya and Mecha districts in 2017/18 and
2016/17 respectively (Figure 2).

Trends of malaria infections

There was a decreasing trend of malaria incidence, and showed
weakly and seasonal variability. The period from 1 July 2013 to

30 June 2014 had been showing multiple weekly peaks of
malaria case incidence.

There were 2 peak malaria seasons between 2014/15 and
2015/16. The first peak was from week 16 through week 28
and the second peak was from about week 37 to week 47.
Fluctuating temporal trends of annual malaria incidence were

observed throughout the study period (Figure 3).

Spatia/ pattern and spatial clusters

The global autocorrelation results depicted that the malaria
incidence was clustered (Global Morans 1=0.303613,
P-value =.025485) (Figure 4).

Malaria distribution was found to be clustered. Jabitenan
(LLR=59178.27, P<.001), Quarit (LLLR=7821.767, P<<.001),
Sekela (LLR=843.9762, P<.001), Bure (LLR=81.49807,
P<.001), and Wonberma (LLR=77.73337, P<.001) districts
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Figure 4. Spatial autocorrelation based on feature locations and attribute values (average cumulative annual malaria incidence) using the Global Moran’s
| statistic in West Gojjam, 1 July 2013 to 30 June 2018.

Table 1. Significant high rate spatial clusters of malaria in West Gojjam, 1 July 2013 to 30 June 2018.

SPATIAL CLUSTER POP. COORDINATES/RADIUS OBS.* EXP* RR LLR

Jabitenan 255261 10.700600 N, 37.276100 E/Okm 107306 34136.29 412 59178.27
Quarit 132459 10.974000 N, 37.441100 E/Okm 36070 17713.88 2.16 7821.767
Sekela 160710 10.998700 N, 37.207900 E/Okm 27562 21491.82 1.31 843.9762
Bure 179122 10.541900 N, 37.048900 E/Okm 25883 23954.14 1.09 81.49807
Wonberma 124328 10.489000 N, 36.79970 E/Okm 18218 16626.53 1.1 77.73337

Abbreviations: POP., population; RR, relative risk; LLR, Log likelihood ratio; Obs.*, number of observed cases in a cluster; Exp.*, number of expected cases in a cluster.
P-value <.001 for all clusters.

were high rate malaria clusters identified hierarchically (Table 1, between 1 July 2013 and 30 June 2015, Wonberma, Bure, Bahir
Figure 5). Dar Zuriya, GonjiKolela, South Achefer, Yilmana Densa, and
North Achefer between 1 July 2013 and 30 June 2014 and

High rate temporal clusters Dembecha between 1 July 2015 and 30 June 2016 (Table 3).

Based on annual aggregation, a significant temporal cluster was

observed from 1 July 2013 to 30 June 2015 (LLR =22448.54,
P<.001) (Table 2). Correlation analysis was conducted to quantify the relationship
between monthly malaria incidence to climatic variables at 0, 1,

Spearman’s correlation analysis

. and 2 months lag. A significant positive correlation was found
Spatiotemporal clusters .

between monthly average temperature and the count of malaria
Significant spatiotemporal malaria clusters were detected at incidence at 0, 1, and 2 months lag. The correlation coefficient

Jabitenan from 1 July 2014 to 30 June 2016, Quarit and Sekela decreased as the number of lags increased from 0 to 2 months.
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Table 2. Significant high rate temporal cluster of malaria in West Gojjam, 1 July 2013 to 30 June 2018.

TEMPORAL CLUSTER OBS.* EXP.*

2013/7/1 to 2015/6/30 195144 133649

RR LLR P-VALUE

2.07 22448.54 .001

Abbreviations: RR, relative risk; LLR, Log likelihood ratio; Obs.*, number of observed cases in a cluster; Exp.*, number of expected cases in a cluster.

Monthly mean rainfall and number of monthly malaria cases
showed a negative correlation at all lags (0, 1, and 2 months).
All lag-months were significant and the correlation increased
as the number of lags increased. Monthly mean relative humid-

ity was negatively correlated with the number of malaria cases
(ranged from -.334 to -.347) (Table 4).

Regression analysis

The multivariable negative binomial regression depicted that
monthly average temperature, monthly average rainfall, and
monthly average relative humidity were significantly associated
with the rate of malaria incidence. There was a significant posi-
tive association between monthly average temperature and
malaria incidence at all lag months. Monthly average rainfall
and malaria incidence were negatively associated at all lag
months. There was a significant negative relationship between
relative humidity and malaria at 2 months lag.

There was a significant positive association between
monthly average temperature (Adjusted IRR=1.301; 95% CI
1.212, 1.396) and the count of malaria incidence at O lag
months. This means that 1°C rise in monthly average tempera-
ture increases count of malaria incidence by 30.1% (95% CI
21.2%,39.6%). Monthly average rainfall (Adjusted IRR =0.998;
95% CI10.996,0.999) was negatively associated with a count of
malaria incidence at 0 lag months. Besides, there was a signifi-
cant positive association between monthly average relative
humidity and count of malaria incidence (Adjusted IRR =1.021;
95% CI 1.009, 1.033) at 2 lag months (Table 5).

Discussion

Malaria incidence showed interannual variability across dis-
tricts and survey years in West Gojjam zone from 1 July 2013
to 30 June 2018. Fluctuating seasonal and temporal trends of
malaria incidence were observed. All districts reported malaria
cases during the study period.
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Table 3. Significant high rate spatiotemporal clusters of malaria in West Gojjam, 1 July 2013 to 30 June 2018.

SPATIOTEMPORAL CLUSTERS ~ TIME FRAME 0BS.* EXP* RR LLR P-VALUE
Jabitenan 2014/7/1-2016/6/30 62712 13550.07 5.44 50789.1 - 001
Quarit 2013/7/1-2015/6/30 19476 6907.49 2.93 7857.882 <001
Wonberma 2013/7/1-2014/6/30 9604 3214.69 3.04 4182.239 <001
Bure 2013/7/1-2014/6/30 11284 4612.85 2.5 3489.048 <001
Sekela 2013/7/1-2015/6/30 16051 8384.58 1.96 2845.244 - 001
Bahir Dar Zuriya 2013/7/1-2014/6/30 10981 5715.51 1.95 1946.236 <001
Gonii Kolela 2013/7/1-2014/6/30 6627 3164.35 2.12 1453.762 <001
South Achefer 2013/7/1-2014/6/30 6033 4032.82 1.5 435.6952 - 001
Yilmana Densa 2013/7/1-2014/6/30 7978 6868.12 117 87.03831 <001
Dembecha 2015/7/1-2016/6/30 4529 4111.62 14 20.75957 <001
North Achefer 2013/7/1-2014/6/30 6705 6297.32 1.07 13.16705 <001

Table 4. Spearman correlation between the monthly counts of malaria
incidence and mean monthly climatic variables in West Gojjam, 1 July
2013 to 30 June 2018, West Gojjam.

MONTHLY
MEAN CLIMATIC
VARIABLES

LAG-MONTHS

SPEARMAN'S R P-VALUE

endorsement of malaria elimination in 2016 using different
surveillance mechanisms, and community mobilization.?® As
well, malaria control programs that the country has been car-
ried out previously in collaboration with partners brought a
good lesson in terms of training human power, provision of
services, application of indoor residual spraying, improving
surveillance activities and laid the foundation toward malaria

Temperature 0 .318 .01
(°C) reduction. The treatment, the controlling method, and the peo-
! 284 01 ple awareness is improved now compared to the past.’
2 .209 .01 The average annual cumulative malaria incidence (2.91%)
Rainfall (mm) 0 ~195 01 was similar to the study conducted in Ethiopia from 2001 to
2016 (2.9%),'? but, it is still higher than the WHO pre-
1 -3 01 elimination standard (<1 case/1000 population at risk/
2 -.332 .01 year).! Low level of knowledge, attitude and practice of the
Relative 0 334 o1 community toward malaria prevention and control,?’ diffi-

humidity (%)
1 -.391 .01

2 -.347 .01

In this study, the average annual cumulative malaria inci-
dence was found to be 2.91%. Thus, the result was lower than
studies in Northwest Ethiopia (30%),% Dabat district (9.7%),%!
Southern Nations Nationalities and Peoples’ Region (6.8%),%?
Ethiopia’s national malaria report of 2017 (4.5%),%3 Ethiopia’s
national malaria report of 2011 (43%), Ethiopia’s national
malaria report of 2014 (33%) of Tigray National Regional
State.?* Also, the incidence had shown a decreasing trend year
after year. This variation might be due to the time of the study,
which is after the first National Strategic Plans (NSP 2006-
2010) and during the second 5-year National Strategic Plans

for Malaria Prevention, Control, and Elimination,?> and

culty of multiple mosquito breeding sites for environmental
management, untimely performance of malaria control
methods like indoor residual spraying of houses, and usually
spraying after the outbreak begun, untimely replacement
and not replacing Long Lasting Impregnated Nets at all,
and the low practice of environmental management by the
community and health extension workers might be the pos-
sible explanations for the observed level of average cumula-
tive annual malaria incidence.!®

Spatial clusters: Jabitenan, Quarit, Sekela, Bure, and
Wonberma districts bordered with each other, and might be of
having similar geographical parameters, such as altitude (below
about 2000 m above sea level according to the centroid of dis-
tricts), weather conditions, and economic characteristics.?8
Since the importance of cluster analysis is to detect the aggre-
gation of disease cases and to find evidence of risk factors on
which prevention and control activities can be focused,? it
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Table 5. Negative binomial regression analysis of the effect of climate variability on malaria in West Gojjam, 1 July 2013 to 30 June 2018.

MONTHLY MEAN CLIMATE VARIABLES LAG-MONTHS
Monthly average temperature (°C) 0
1
2
Monthly average rainfall (mm) 0
1
2
Monthly average relative humidity (%) 0
1
2

Abbreviation: IRR, incidence rate ratio.
*P-value =.005. **P-value =.001. ***P-value <.001.

would be useful to apply priority intervention to identified
these clusters.

Significantly a high rate of purely temporal malaria cluster
was observed from 1 July 2013 to 30 June 2015 (LLR=22
448.54, P<.001). There was a significant decrease in malaria
incidence after this 2 year risk period. This might be due to the
commencement of malaria elimination road map in Ethiopia
by 2030 since 2016.%6

Spatiotemporal clusters were detected at Jabitenan from 1
July 2014 to 30 June 2016, Quarit and Sekela from 1 July 2013
to 30 June 2015, Wonberma, Bure, Bahir Dar Zuriya,
GonjiKolela, South Achefer, Yilmana Densa, and North Achefer
from 1 July 2013 to 30 June 2014, and Dembecha from 1 July
2015 to 30 June 2016. Space-time clusters from 1 July 2013 to
30 June 2015 might be explained by their occurrence preceding
the endorsement of national malaria elimination road map.?®
Those space-time clusters which occurred after 30 June 2015
might be due to malaria intervention measures might not be
taken, or might not been utilized correctly.?”% The period was
attributed by risk from hunger, disease, and lack of water due to
El Nifio, and these calamities in turn would exacerbate malaria
incidence.3! El Nifio conditions can cause a multiple of health
problems. Above-average rainfall caused by El Nifio can cause
floods and increase diseases spread by mosquitoes, such as
malaria, and the utilization of malaria control will be compro-
mised during flooding.3> Thus, decision-makers and health
managers need to follow up the implementation of interventions
in a sustained way to prevent the cyclic resurgence of epidemics
during environmental catastrophes through strong health sys-
tems, determined leadership, appropriate incentivization, an
effective surveillance system, and regional collaborations.3?

A trend of seasonality in malaria was occurring more fre-
quently from September to December and March to June based
on the epidemic weeks. This finding is consistent with previous
studies in the Northwest part of Ethiopia,?*3%34 which showed

CRUDE IRR (95% Cl) ADJUSTED IRR (95% Cl)

1.325 (1.243, 1.412)** 1.301 (1.212, 1.396)***

1.289 (1.212, 1.371)** 1.283 (1.198, 1.373)***

1.250 (1.170, 1.335)*** 1.274 (1.188, 1.367)"**

0.997 (0.996, 0.997)** 0.998 (0.996, 0.999)*

0.996 (0.995, 0.997)*** 0.997 (0.95, 0.998)***

0.996 (0.995, 0.997)** 0.995 (0.994, 0.997)***

0.973 (0.964, 0.981)**
0.974 (0.966, 0.983)***

0.986 (0.978, 0.994)** 1.021 (1.009, 1.033)***

climate factors significantly affected seasonal malaria incidence.
Peak malaria transmission occurs between September and
December in most parts of Ethiopia, after the main rainy season
from June to July. Besides, some areas experience a second minor
malaria transmission period from April to June, following a
short rainy season from March to May with high maximum
temperature.3>3¢ The rainy season ends leaving stagnant water
collections, and during dry season rivers also start pooling and
makes the environment favorable mosquito breeding.3”

Temperature was statistically significant and positively asso-
ciated to count of malaria incidence in this study, which is in
line with previous studies of Jimma town,® and Ambhara
Region.’® Besides, it is supported by a study done in Yunnan
Province of China which showed that annual average tempera-
ture was positively associated with the malaria incidence rate.3
Temporal correlation analysis between malaria and meteoro-
logical factors in Motuo County of China revealed that tem-
perature was an important factor in the transmission of
malaria.*0 Spatiotemporal data at a regional scale in highlands
of Colombia and Ethiopia showed spatial distribution of the
disease changes with the interannual variability of temperature
which provided evidence for an increase in the altitude of
malaria distribution in warmer years, which implies that cli-
mate change, without mitigation, will result in an increase of
the malaria burden. Temperature is known to influence trans-
mission intensity through its effects on growth of the mosquito
and pathogen development within the vector.#!

Rainfall to malaria incidence was found to be negatively
correlated. This finding is in argument to previous studies of
Chennai, India,*? Yunnan Province, China,* Motuo County,
China,* and Jimma town.? This might be due to the variation
of strength of rainfall in different settings to erode and outflow
mosquito breeding sites. Water collections that support vector
breeding appear mainly after the rains. Hence, malaria trans-
mission is highest immediately after the rainy seasons in
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Ethiopia.®® Because, the presence of high rainfall may not
mean high malaria incidence as it causes overflow and erodes
water collections and drain pooling rivers during dry season.
Malaria starts getting higher immediately after the rainy sea-
son ends. Therefore, rainfall is a good indicator for malaria pre-
vention and control activities in malaria endemic areas.

Relative humidity affects malaria transmission through its
effect on the activity and survival of mosquitoes.** The relative
humidity was found to be negatively correlated to count of
malaria incidence in this study. This finding is not parallel to
the study finding of Akure, Nigeria,* Motuo county, Tibet,*
and Baluchestan, Iran.* This might be due to the effect of high
relative humidity of the area above which the survival of mos-
quito vector will be declining. In the negative binomial regres-
sion analysis, relative humidity at 2 months lag was significantly
associated to malaria incidence negatively. This might be due
to the value of relative humidity regressed at 2months lag be
higher than the 0 lag and 1 month lag.

Conclusion

This study identified spatial, temporal, spatiotemporal cluster-
ing, and seasonal pattern of malaria incidence. There was also a
decreasing temporal trend of malaria incidence. Mean monthly
temperature and rainfall were directly and negatively associated
to malaria incidence respectively at all lag moths. Relative
humidity was positively associated at 2 lag months. Considering
these space-time variations and factors would be useful for the
prevention and control, and ultimately achieve elimination tar-
gets in the area.

Limitations

The data were obtained from a passive surveillance system.
This means that all clinical records did not fully capture the
level of malaria transmission in the districts, because some peo-
ple may not report to the formal governmental health institu-
tions instead use either private clinics or traditional therapists
or purchase drugs by their own. Data on individual, environ-
mental, and institutional variables were not available for fur-
ther factors analysis.
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