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Glossary

Asymptomatic malaria is laboratory confirmation (by microscopy or immuno-diagnostic test) of
parasitaemia in a person with no recent history of signs and/or symptoms of malaria.

Bed net: Any insect nets used for sleeping either treated or untreated with insecticide

Community-based Model’ of indoor residual spray is indoor residual spray modality where by
most of the spray activities are lead by health extension workers who had been recruited
from the community and carried out the spray together with individuals recruited from

the same community with a minimal technical assistance from the district health office.

Confirmed severe malaria is a person requiring hospitalization for symptoms and/or signs of
severe malaria, who receives antimalarial treatment, with laboratory confirmation of di-
agnosis (in areas with access to laboratory-based diagnosis).

Confirmed uncomplicated malaria is a patient with symptoms and/or signs of uncomplicated
malaria, who receives antimalarial treatment, with laboratory confirmation of diagnosis
(In areas without access to laboratory-based diagnosis).

District-based Model of indoor residual spray: it is indoor residual spray modality whereby
district health office plans and implements the indoor residual spray with technical and
operational inputs from regional, zonal, and central health offices and majority of the
technical preparation and management takes place at district level; and a team of spray
operators (16-20 individuals) moves from district to the community with all the neces-
sary equipment and supplies.

Geographical Information Systems (GIS) is a computer system relevant to the administration

and analysis of spatial data.

Household: domestic units consisting of the members of a family who live together and share

meals, including non relatives such as maids.
Insecticide Treated Bed Nets Possession: Households who own intact ITNs of any kind

Insecticide Treated Bed Nets Utilization: Perception of respondents that ITNs prevents from
mosquito bite and hang intact ITNs at sleeping area or on bed during the survey time and
intact ITNs
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Insecticide Treated Bed Net: Either a long-lasting net that does not require re-treatment or a pre-
treated net obtained within the last 12 months inclusive, or a net that has been soaked

with insecticide within the last 12 months inclusive.

Malaria control: reducing the burden of malaria to a level at which it is no longer a public health
problem.

Probable malaria death is death of a patient who has been diagnosed with probable severe ma-
laria (in areas without access to laboratory-based diagnosis).

Probable severe malaria case is a patient requiring hospitalization for symptoms and/or signs of
severe malaria, who receives anti-malarial treatment (in areas without access to labor-
atory-based diagnosis).

Probable uncomplicated malaria case is a patient with symptoms and/or signs of uncomplicated
malaria, who receives anti-malarial treatment (in areas without access to laboratory-
based diagnosis).

Risk factors of malaria are behaviors/conditions of individuals, household members, or envi-
ronmental characteristics that predispose/expose the members of a community to malar-
ia.

Spatiotemporal dynamics of malaria is change of malaria distribution/ transmission by place
and time period. This refers to clusters of malaria cases by place and time (excess of
cases that are close in both space and time), by Plasmodium species and by persons af-
fected.

Trend of malaria is malaria transmission pattern over time (months, season and years) as ex-
plained by plasmodia species composition change/stable, number of cases incre-

ment/decrement or stable during the time frame considered.
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Abstract

Background

Analysis of spatiotemporal dynamics of malaria data of health care systems along with climatic
variables and assessment of the intervention tools provides important insights into the changing
malaria situation, which might guide adjustments of malaria program activities and priorities of
malaria research topics. The objectives of this study were to compare trends of malaria, to ana-
lyze spatiotemporal dynamics of malaria in the Gilgel Gibe Hydroelectric dam (GGHD) site, to
examine the role of climatic variables on malaria, to determine possession and utilization of long
lasting insecticidal nets (LLINS/ITNs), and to evaluate the prevalence of malaria around GGHD

and a control site.

Materials and methods

Records of malaria cases over eight years period in health facilities of the two sites were re-
viewed along climatic variables. Malaria episode and meteorological data were registered on
excel spreadsheet separately. Summary of the data were exported to SPSS version 20 for Win-
dows and linked together using unique identifiers. Prevalence of malaria was analyzed and de-
scribed by person, place and time using line graphs. Spearman correlation coefficient was ana-
lyzed to explore the correlation between climatic variables and malaria episodes. Malaria epi-
sodes of the two sites was compared using odds ratios.

Spatial analysis was carried out by linking malaria episodes data of GGHD site with the Gilgel
Gibe Health and Demographic System (GGHD-HDSS) data that have been geo-referenced. Pois-
son regression model was applied to estimate odds ratios of the malaria episodes among buffer
zones and altitude ranges of the site using the STATA statistical software version 12. A household
survey was conducted during peak malaria transmission season to assess possession and utiliza-
tion of LLINS by households. Similarly, blood survey was conducted during the same season us-
ing rapid diagnostic test (RDT). Both data of the household and blood surveys were entered into
EpiData entry Il database and exported to SPSS version 20 for Windows for analysis. Binary and
multinomial logistic regressions were employed to identify predictors of LLIN ownership and uti-

lization.
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Results

Two-third of the 163,918 registered malaria episodes were slide/RDT confirmed cases. Plasmo-
dium falciparum (P. falciparum) and Plasmodium vivax (P. vivax) accounted for 54.6% (60.4% in
GGHD site and 52.3% in control site) and 41.6% (33.6 in GGHD site and 44.7% in control site),
the rest (3.8%) was mixed species infections. P. falciparum and P. vivax were twice and nearly
trice times more likely to occur in the control site compared to GGHD site. Several peaks of ma-
laria transmission seasons were noted in the control site whereas only two small one main trans-
mission peaks were observed in the GGHD. The probabilities of infections by both P. falciparum
and P. vivax were high in the control site than in the GGHD site in all age categories. Children

from 10 to 14 years were the most affected followed by children below the age of 10 years.

In the GGHD site, 45.0% of the P. falciparum episodes were registered within one-kilometer ra-
dius of the Dam. Yet, as distance increases from the GGHD, the odds of P. falciparum occur-
rence increases significantly up to five kms, when adjusted for population density. Positive and
significant correlation between P. falciparum occurrence and altitude was also noted. Again; as
the distances from the GGHD increases, the occurrence of P. vivax increases. On the other hand,
increasing altitude was negatively and significantly associated with the occurrence of P. vivax
malaria. At the GGHD site, moderate correlations were seen at months 2 and 3 lags with both
rainfall and relative humidity. There were only weak positive correlations at month 4 for rainfall
and months 2 through 4 for relative humidity at the control site.

The overall coverage of LLINS was 56.6% ( in GGHD site and control site). Higher number of
HHs from GGHD site reported to have at least one LLINS (OR = 2.2 & P < 0.001) whereas high-
er number of HHs from control site reported to have two or more LLINS (OR =21 & P <
0.001). Factors that independently affect the possession and utilization of LLINS were found to be
age of HH heads, HH RWI, accessibility to all weather roads, proximity to health facilities. From
the total 2269-screened individuals, only 17 were tested positive for malaria. Since all the cases
were from District based site, the prevalence in the site was 1.4% whereas it was zero in the site

where the Community-based IRS was applied.
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Conclusions

Malaria prevalence was higher in the control than the GGHD site. The present finding did not
show evidence of excess malaria burden in the GGHD over the study period. Yet, the fact that the
trend of malaria prevalence in GGHD exhibited increasing slope, the identification of malaria
cases near GGHD and significantly high prevalence of P. falciparum near the GGHD imply the
possible role of the dam in maintaining malaria hot spot. Weak/absence of linear correlation be-
tween malaria episodes and climatic variables does not prove absence of the association between
malaria and climate variables. The blood survey positivity rate was very low suggesting the need
for additional study before concluding whether the community based model of IRS works effec-
tively to control malaria. In GGHD site, irrespective of the low prevalence noticed, the transmis-

sion of malaria might have been maintained associated with the Dam.

Recommendations

+» Regarding the increment of P. falciparum with altitude and that of P. vivax with distance
from reservoir of dams, further exploration is needed.

*» There is a need to consider additional factors such as normalized difference vegetation
index and the physico-chemical nature of the breeding sites of mosquitoes.

+» Attention needs to be given to the poor, distant and inaccessible households in the efforts
of malaria intervention programmes. Well-tailored information, education and communi-
cation (IEC) is needed to address the problem of non-users of LLINS.

« Applicability of the community-based model of IRS need to be further explored in different
localities to fully replace the district based model of IRS in the future.

+«» Patient records at health facilities should include family identity (ID) so that spatial anal-

ysis of diseases can be carried out by linking cases history to the family.

Key words: Climatic variables, Ethiopia, Gilgel Gibe, hydroelectric dam, malaria trend,

spatiotemporal dynamics, bed nets
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1. Introduction

1.1. Background

Malaria is a vector-borne disease caused by protozoan parasites belonging to the genus Plasmodium
and transmitted by the bite of infected female Anopheles species mosquitoes; about 60 species of the
genus Anopheles can transmit malaria (1, 2). Until recently, five species of Plasmodium, namely: P.
vivax, P. falciparum, P. ovale (two sub species: P. ovale curtisi and P. ovale wallikeri), P. malariae
and P. knowlesi are known to cause human disease (3-7). The conditions of the parasite, vector and

the human host are characterized by different factors, which are highlighted here.

The transmission of malaria involves a complex interplay among the parasite, vector and host. It is
influenced by behavior, socioeconomic status and demographic factors of the human host and public
health control measures (8-10). The presence and abundance of the vectors depend on, among other
things, both biotic and abiotic environmental factors (11-13), which are usually affected in turn by
seasonal variations (14-17) and micro-ecology of the mosquitoes (18-20). The pattern of malaria
transmission is influenced also by the bionomics of the vector mosquitoes (21). Biting and resting
behaviors of mosquitoes play also decisive role in the dynamics of malaria transmission (22-24).
Climatic factors can determine both the parasite and the vectors of malaria in many ways: the extrin-
sic development of Plasmodium species are highly affected by temperature (25) and optimum climat-
ic variables mainly temperature, humidity and precipitation are needed for the proliferation of Anoph-

eles mosquitoes (26, 27) to sustain malaria transmission.

Additionally, human prevention and control behavior, socioeconomic and demographic conditions
can significantly affect the dynamics of the disease (28-30). Moreover, anthropogenic disruption of
the natural equilibrium of environment inevitably modifies the malaria transmission dynamics (31,
32). In this regard, the present study has assessed the spatiotemporal dynamics of malaria and associ-
ated factors. In particular, trends of malaria were analyzed and compared for the two sites; climatic
variables have been included in the analysis to see whether the climatic variables play any important
role in the pattern of malaria prevalence in those sites. Main malaria prevention and control tools sta-

tus of the area along related socioeconomic have been assessed as well.



1.2. Statement of the problem

The risks of morbidity and mortality associated with malaria are characterized by different factors
including spatial and temporal variations(33). The spatial component of health data can play a crucial
role in helping explain variability in environmental hazards, population at risk, demographic and so-
cioeconomic profiles, and other relevant characteristics pertaining to malaria (34, 35). In this sense,
geographic space varies uniquely in different locations and at different times and creates unique plac-
es in which people live and work (36, 37). Moreover, environmental modification as the result of wa-
ter project development such as dams and irrigations continue to be planed, constructed and operated

to meet human needs, which can have role in facilitating transmission dynamics of malaria (36, 38).

However, a cross-sectional study conducted in Uganda failed to show the relationship between malar-
ia prevalence and environmental as well as socio-economic variables (39) and use of disaggregated
data and panel data were recommended to identify factors that influence malaria prevalence. Again,
in WHO sub-regions 1 and 2 (African Regional Office and countries in other 3 WHO sub-region
where infant and adult mortality rates are higher) that have 87.9% of the current global malaria bur-
den, only 1.1% of population is estimated to live near large dams and irrigation schemes (36). So, it
has been emphasized that whether an individual water project triggers an increase in malaria trans-
mission depends on the contextual determinants of malaria, including the epidemiologic setting, soci-
oeconomic factors, vector management, and health seeking behavior (36).

Studies also showed that the Plasmodium species composition and the number of malaria cases vary
over time (38, 40-42) due to different factors, such as previous weather conditions (43) or interven-
tion measures (44). A retrospective study revealed that there was decrement of P. vivax, whereas P.
falciparum increased over five years period in a General Hospital in Ethiopia (45). Thus, similar
study was recommended to assess situations of other areas in the country. Temporal analysis of rele-
vant malaria data of health care system provides essential information needed to measure success and
failure of national malaria programs and identify the remaining malaria hot spots. It also gives im-
portant insights into the changing malaria situation, which might guide adjustments of malaria control
program activities and the prioritization of the malaria research agenda (46, 47). Therefore, the
changing malaria situation requires updating spatial and temporal descriptions of an endemic locality
(48).



To assess the contribution made by operational intervention and effect of environmental factors, a
clear knowledge about the dynamics of malaria in a particular area is important so that prevention and
management strategies can be planned in a more effective manner (49). Since malaria transmission
intensity varies geographically, the distribution of cases and subsequent morbidity rate may exhibit
systematic spatial variation (50). Thus, a systematic approach to geographical variation has been rec-
ommended as both economic and epidemiological factors vary greatly in different settings where ag-

gregate data are of less value to assist policy-makers (51).

Studies on micro-epidemiological level addressing the spatial and temporal dynamics of malaria
transmission are scarce in Ethiopia in spite of the ongoing environmental modifications due to water
projects, like hydroelectric dams. Therefore, the current study intended to assess both spatiotemporal
dynamics of malaria and the factors that affect the dynamics around Gilgel-Gibe Hydroelectric Dam
(GGHD) and a control area. In doing so, prevalence of malaria over an eight year period along with
climatic variables (rainfall, temperature and relative humidity), spatial distribution of malaria cases
around GGHD and utilization of main malaria prevention and control interventions (LLINS and IRS)

have been studied. Factors related to possession and utilization of LLINS were analyzed.



1.3. Rationale of the study

Quantitative description of the spatiotemporal dynamics of malaria has practical implications for the
development of operational malaria control and efficient allocation of resources (52, 53). Spatial and
temporal analysis of malaria may help identify high-risk areas, sources of diseases, and high-risk pop-
ulations. Assessment of malaria spatiotemporal dynamics can also play an important role in evaluat-
ing changes in malaria transmission over time and allocating resources to control malaria, especially

in high or persistent local malaria transmission areas (54).

Currently, Ethiopia is undertaking construction of large hydroelectric dams (55, 56) and irrigation
schemes of different scales (57-59) as part of developmental activities. This in turn can have impact
on vector borne diseases, including malaria. Due to human imposed environmental degradation, risk
of malaria has been predicted to increase in East Africa (60). On the other hand, well designed water
projects, like irrigation dams are thought to be economically beneficial to the dam vicinity residents
in the short term and enable the community to strengthen the disease control program to overcome
the medium and long term adverse health effects (28, 61). However, the extent of health impact of
hydroelectric dams on local community closer to such dams is inadequately studied. In this regard, it
is of paramount importance to document the consequences of such man made water body for evi-

dence-based intervention.

This study has been undertaken to integrate information from environmental variables, socio-
economic and socio-demographics, malaria morbidity records of local health service facilities’ as
well as Plasmodium species data to identify spatiotemporal dynamics of malaria since the construc-
tion of GGHD and related risk factors. Hence, possible adverse impact of GGHD on malaria trans-
mission could be assessed in comparison to the control area. Thus, the results of this study are envis-
aged to enable policy-makers and health planners to implement malaria prevention and control inter-

ventions in spatially explicit and locally prevailing conditions.



1.4. Literature Review

A number of factors contribute to the spatiotemporal dynamics of malaria (10). Hence, the burden of
malaria and control efforts, the roles socioeconomic factors, development of water projects, climatic
variables, and intervention tools such as: long lasting insecticide treated bed nets and IRS are men-

tioned in relation to malaria dynamics in the subsequent sections.

1.4.1. Burden of malaria and control efforts

Globally, malaria affects the health and wealth of more than three billion people and causes more
than a million deaths annually (3, 62). High burden of malaria is the cause and result of poor socio-
economic conditions resulting in vicious cycle of the impact (63-65). Pregnant women and children
under 5 years of age are the most vulnerable groups. In adults recurrent bouts of fever as the result of
reinfection and super infection reduce labour productivity (66); direct and indirect economic costs of
malaria have been estimated to be high (67, 68). It also predisposes people, especially infants and
young children to other diseases (69). Malaria impairs school performance and cognitive abilities that
continues even after recovery (70, 71). Furthermore, the complications it causes to pregnant women,
resulting in miscarriage, maternal deaths due to hemorrhage and anemia, and subsequent sequels from
low birth weight and congenital infections of the newborn, growth and mental retardations are some
of the burdens malaria poses on human beings (72-74).

The global malaria eradication program during 1950s and 1960s suffered serious setbacks and the
disease increased slowly in areas where it had been reduced to low level (10, 75). In an effort to
combat the growing threat of malaria, the Roll Back Malaria (RBM) partnership was launched in
1998, with the goal to reduce the burden of malaria by half up to 2010 (76) and halving again by 2015
(76). The United Nations (UN) had also declared the Decade to Roll Back Malaria (2001-2010) in
developing countries. Moreover, African heads of States met in Abuja, in 2000 to express their

commitment to combating malaria (77, 78).

As the result, there has been substantial reduction of malaria in some countries (48, 79, 80). Accord-
ing to the WHO malaria report of 2010, in the decade from 2000 to 2009, out of 98 malaria endemic
countries 42 (42.9%) of them reduced malaria cases by more than 50%; however, in 49 (50%) coun-

tries, including Ethiopia, there was no evidence of malaria cases reduction since 2005 (79). On the
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other hand, some studies have indicated substantial decline of malaria cases from sub-Saharan Africa,
including Ethiopia due to intensive interventions, particularly scaled-up distribution of ITNs, IRS and
use of rapid diagnostic kits at lower level health facilities and prompt treatment of cases (80, 81).
The possible reasons for the conflicting reports could be due to relying on different sources of data
such as country level aggregated data of health facility reports, which are usually incomplete, or indi-
cator sample surveys that could also miss specific local situations. According to the World Malaria
Report of 2014, there have been substantial progresses both in coverage of intervention tools and,
consequently, reduction in malaria related morbidity and mortality globally and, especially in the
WHO African Region (82).

In Ethiopia, the occurrences of epidemics of malaria have been documented since the 1930s and
1940s. The most devastating epidemic was that of 1958 which resulted in an estimated three million
cases and 150,000 deaths (83, 84). Until recently, malaria has been the leading cause of morbidity
and mortality in Ethiopia, accounting for over five million cases and thousands of deaths annually
(80, 85). The two peak seasonal transmissions of malaria occur during September to December and
March to May (80, 86). Present strategies involve early diagnosing and treating infected individuals
and reducing human-mosquito contact rates through vector control efforts (87). Dichlorodiphenyltri-
chloroethane (DDT) has been the insecticide of choice for indoor residual spray (IRS) for about four
decades in Ethiopia. In some areas where the An. arabiensis has developed resistance to DDT, Mala-
thion is applied as an alternative insecticide. Anti-larval measures are considered where IRS is im-
practical around urban areas or when there are limited numbers of breeding places. The Malaria Con-
trol Program scaled up also the distribution of ITNs to areas where transmission season exceed three
months (80, 88).

1.4.2.  Socioeconomic and behavioral determinants

Socioeconomic and behavioral factors can substantially affect malaria dynamics (10, 89-92). At a
macro level, there is clear evidence that the burden of malaria is greatest among the poorest countries
of the world, especially those in sub-Saharan Africa. However, studies, using assets as a proxy for
socioeconomic status (SES), have failed to establish a clear relationship between property ownership
and the incidence of febrile episodes as a proxy for malaria (51). Evidence concerning malaria inci-

dence and occupation is also mixed (93, 94).



Similarly, some of the empirical studies done in different countries, in fact involving different meth-
odologies, reported controversial findings (95). For instance, a study done in Central Vietnam involv-
ing complete community-based cross-sectional showed that the most important risk factor for malaria
was the wealth category, the wealthiest group being much less infected. Among the wealthiest cate-
gory, forest activity and bed net use were the most determinant risk factors for malaria, while in the
lower and medium wealth category; insecticide treated nets were most important (95), implying that
the importance different factors depend on local contexts.

Another study done in India using five years records of primary health care found that magnitude of
malaria was three times more in the underdeveloped community compared to developed community
(96). This study did not consider whether the two study areas have similar features such as environ-
mental conditions, which can make significant differences in the dynamics of malaria transmission.
Again, a study done in three major regions of Ethiopia showed that the risk of malaria decreased as
household wealth index increased (97). Similarly, a study done in Tanzania showed that households
of higher wealth index were found to be infected less compared to those middle and lower wealth in-
dex households (98).

An other survey conducted on primary care givers or household heads showed that self diagnosis was
practiced more by poorer households, while the least poor used the patent medicine dealers and
community health workers less often for diagnosis of malaria (99). The factors that encourage people
to use services in Bamako Initiative program health centers were availability of good services, prox-

imity of the centers to the homes and polite health workers.

Again, a study has revealed that malaria risk was significantly higher among children who lived in
households with lower economic or education levels, near the hydrographic network, in sparsely
built-up areas, in irregularly built areas, who did not use a bed net (100). An interview based commu-
nity survey carried out during the high malaria transmission season in India revealed that majority of
respondents sought some sort of treatment and the most common reason (66.9%) for choosing a pro-
vider was proximity (101). Interviews with the providers also indicated that patients’ lack of trust in
community volunteers providing treatment led to inappropriate treatment-seeking from the less quali-
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fied providers. The investigators have suggested the need for continuous and rigorous impact evalua-

tions of the program to make necessary modifications, scale up and to prevent drug resistance.

A study conducted in Malawi on caregivers and health workers, using focus group discussions, re-
vealed that despite high knowledge of malaria, prompt treatment and health-seeking behavior were
poor, with the majority of children first being managed at home with treatment regimens other than
effective anti-malarial drugs (102). According to that study, traditional beliefs about causes of fever,
unavailability of anti-malarial drugs within the community, barriers to accessing the formal health
care system, and trust in traditional medicine were all associated with delays in seeking appropriate

treatment for fever.

Another similar study done in Sudan has indicated that regardless of high score of mothers'
knowledge and recognition of fever/malaria, mothers usually started care at home and, within an av-
erage of three days, they shift to health workers if there was no response (103). According to that
study, the main health-seeking behavior was to consult the nearest health facility or health personnel
together with using traditional medicine or herbs. The choice between available options was deter-
mined by the availability of health facilities, user fees, satisfaction with services, difficulty to reach
facilities and belief in traditional medicine. A qualitative study conducted in Burkina-Faso showed
that health care-seeking behavior and choice of provider are strongly influenced by local concepts of
illness (104).

Saeed and Ahmed (105) documented also that the occurrence of malaria death among households of
internally displaced people was significantly associated with poor knowledge about malaria, but unu-
sually with head of households who are educated better. Again, poor treatment-seeking behaviour and
poor attitudes towards malaria were not associated with higher mortality. However, mortality was
significantly higher among households obtaining water by cart than from a well. In that study, the fact
that the number of deaths were small relative to number of households, 81 deaths in 856 households,
might have masked true associations between malaria deaths and socio-demographic characteristics

of study participants.



On the other hand, studies conducted in Yemen (106) and Uganda (107) failed to show malaria risk
difference due to socioeconomic factors. Another community based survey conducted in Nigeria in-
dicated that more occurrence of malaria was reported amongst children and other adult household
members who were in a better SES groups compared to the in worse SES groups (108), better-off
SES quartile and urban dwellers owned more mosquito nets. A study done in Mozambique showed
that while overall net ownership in the sample was low, the evidence did not suggest that poorer
households are less likely to own bed nets, when controlling for covariates, nor does the likelihood of
receiving a free net depend on socioeconomic status. Formal schooling and market knowledge seem
to indicate higher average willingness to pay, while use of alternate methods for malaria prevention,
and receipt of IRS are found to decrease demand for bed nets(109). The inconsistencies of different

findings in relation to SES status and risk of malaria could be due to local contexts.

1.4.3. Dynamics of malaria and development of water projects

Anthropogenic interference of malaria prone environment due to construction of dams, roads, and
industrial and residential centers, can result in disruption of the terrain, allowing increased mosquito
breeding; hence, inevitably modifies the dynamics of malaria transmissions (110) In this regard, stud-
ies reported different findings. A study conducted in Peru showed significant spatial cluster of both
P. vivax and P. falciparum each year (54). The relative risks of those clusters were higher for P. falci-
parum than for P. vivax. The attributable risk (AR) was higher for P. falciparum (51%) than for P.
vivax (30%).

Similarly, a cross-sectional study conducted in Vanuatu, indicated spatial autocorrelation of malaria
prevalence and showed significant association with elevation and distance to coastline for P. vivax
and P. falciparum (111). This study used different statistical models and considered elevation as well
as inclusion of environmental variables. It showed also the need to consider different predictors for
the plasmodia species dynamicity with respect to distance and altitude. In fact, this later point needs
to be assessed in different settings whether it holds true everywhere. Moreover, this study did not
consider time trend. A study done in India showed also that in spite of the intensive insecticide based
control areas adjacent to trunk of large irrigation was characterized by increased risk of P. vivax ma-
laria for a decade (112).



Also, a study conducted in Afghanistan (113) highlighted that vegetation index, as consequence of
irrigation, was the main predicator of malaria followed by surface temperature in the country; howev-
er, precipitation was not shown to be important predictor of malaria. A study done in Ghana reported
that the odds of self-reported malaria was significantly higher among women living within a kilome-
ter distance of irrigated urban agriculture compared to those women living near an irrigation source
(114). Socioeconomic and demographic characteristics of the participants were found to be associated
with self-reported malaria.

However, other studies failed to show an increment of malaria risk due to proximity to water bodies.
At large scale, in WHO sub-regions 1 and 2 that have 87.9% of the current global malaria burden,
only 1.1% populations are estimated to live near large dams and irrigation schemes So, it has been
emphasized that whether an individual water project triggers an increase in malaria transmission de-
pends on the contextual determinants (36). A study done in Somalia has shown that distance from wa-
ter; precipitation and temperature had no significant association; whereas all the covariates, except
distance to water, were significantly associated with parasite prevalence (115). Again, a local study
reported that the incidence of malaria among children who live near and far from a dam were not sig-
nificantly different (116). Furthermore, Hague and colleagues (117) reported that proximity to water

source was not risk factor but forest was found to be significant predictor of malaria infection.

A more detail study done in Sri Lanka revealed also that the risk of malaria in irrigated areas was ra-
ther lower than in other areas as people engaged in irrigated agriculture were in a better life standard
due to better income (118). The study highlighted other ecological and climatic factors that increase
the risk of malaria. Another study conducted in India reported also that neither annual parasitic index
nor slide positivity rate were increased due to construction of canal system after release of water
(119). Yet ,another study (120) implicated the importance of other factors, such malaria epidemiolog-
ical pattern of malaria before interventions, control measures, migrations, human behavior and local
Anopheles bionomics as determinants on malaria dynamics, but not the construction of dams and irri-
gation canals. A study done in Tanzania revealed also the importance of spatiotemporal consideration
at small scales taking into account the agro-ecosystems as malaria transmission intensity can vary
even between neighboring villages (121).
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A case control study conducted in Kenya revealed that environmental factors, such as living on flat
land, living close to forests, and having bushes, but not trees within distance of less than 200 meters
from the house, living near channels, in close proximity to maize fields, lack of ceiling in the house, a
separate kitchen and having goats in the compound were found to increase the risks of malaria (122).
The researchers explained that having a kitchen separate from the sleeping area was strongly associ-
ated with increased malaria odds, perhaps because smoke repels vector mosquitoes. In this study;
however, absolute elevation was not associated with risk of malaria. They accounted the narrow range

(213 meters) of elevation across the study area that might have obscured association.

Another case control study conducted in west Kenya high land found a significant relationship be-
tween malaria risk and elevation (30). According to this study, malaria risk decreased with altitude,
with significantly fewer cases occurring amongst children living above 1800 meters compared with
children living below 1750 meters and decreased risk of malaria was associated with increased dis-
tance from the forest fringe and household socio-economic status was lower among the cases than
controls. Haque and colleagues also reported that individual age and nearness to fragmented forest

were associated with increased malaria prevalence (94).

A study conducted in south Africa highlighted that the risk of malaria was heterogeneous and associ-
ated with poor socioeconomic status (123) and malaria hot spots transmission with cluster of higher
mosquito exposure was reported from Tanzania, where parasites prevalence rate could detect micro-
epidemiological level spatial variations (124). Again a study conducted in Viet Nam indicated that
strong spatiotemporal heterogeneity of malaria even after accounting for social and environmental
fixed effects (29). Both the Tanzania and Viet Nam studies have highlighted unsatisfactory prediction
of malaria based on the probability model of environmental factors. A study from Peru indicated that
more spatial heterogeneity was observed in P. vivax than P. falciparum and the incidence of the later
declined recently across geographical regions, while that of the former had remained relatively
steady (125). On the other hand, a study conducted in an urban setting of India reported that distribu-

tion of P. vivax was random, whereas that of P. falciparum was spatially clustered (126).
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Some of the studies conducted in Ethiopia pertaining to the effect of micro dams on malaria trans-
mission reported increased risk of malaria as the dams create microclimate changes (elevated min-
imum ambient temperature), provide cool and humid microhabitats for mosquitoes due to water
seepage, saturation of soils and abundant growth of vegetation (127). Clustering of malaria cases by
time and space was reported due to micro dam as well (128). Again, study done by Gebreyesus et al
(129) indicated that the incidence of malaria in children near the micro dams (within 3 km radius)
was seven fold higher than those children who live away from the micro dams. The comparability of
the study sites was less articulated, except altitude, to give better information. Moreover, there is pau-
city of information as to Plasmodim species composition and time trends. Although the increased risk
of vector-borne diseases, including malaria have been correlated to dams and small reservoir exten-

sively, the correlation of malaria and hydroelectric dams has been indicated to be weaker (130).

Another study reported also that mean biting rate, mean sporozoite rate and annual entomological in-
oculation rate were higher in an irrigated sugarcane area compared to traditional and non-irrigated
agro-ecosystems (131). Again, study reported by Yewhalaw et al (132) showed that 43% malaria in-
cidence among children who live within 3 km radius of GGHD was attributed to the Dam compared
to those who live away from the Dam. This study did not assess trend of malaria over time as it was
cross sectional by its design. Furthermore, the effect of altitude can be a confounder as the dam is at
lower elevation. A recent local study indicated that malaria prevalence was higher in irrigated villages
compared to non-irrigated villages, and mosquito vector abundance varied both with season and be-
tween the villages (133). Yeshiwondim et al (33) considered both malaria distribution by time and
place. This study has shown that malaria incidence was significantly higher among males and under
five children . Significant local clustering of malaria incidence occurs between pairs of villages with-
in 1-10 km distance lags as well (33). This study was not intended for dam effect assessment; rather
was limited to assessing spatial clustering, distribution of malaria by person and time. Additionally,
another local study revealed that proximity to a dam was associated with an increased risk of malaria,
particularly that of P. falciparum malaria; whereas P. vivax malaria was more prevalent in distant vil-
lages (56). Similarly, another study done in the same area revealed that both cases of malaria and

abundance of malaria vectors were found to be higher in the community closer to the dam (134).
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1.4.4.  Dynamics of malaria and climatic variables

Malaria is considered to be an environmental disease. Environmental factors such as changing rain-
fall patterns and unusual temperature increase can play great rolls in malaria transmission dynamics
(75, 85). Brooker et al (135) have indicated that the distribution of malaria is determined by climatic
and other geographic factors, which affect mosquito and Plasmodium species reproduction. Warm
temperatures, heavy rainfall, and high humidity are known to encourage mosquito breeding, longevity
and shorten parasite sporogony. An. gambiae mosquitoes breed readily in large and small collections

of sun-exposed stagnant water (92, 110). .

Changes in temperature, precipitation and humidity that are expected to occur under different climate
change scenarios affect the biology and ecology of vectors, which consequently affect the risk of ma-
laria transmission (51, 136-138). If water temperature rises, the larvae take a shorter time to mature
and hence, there is a greater capacity to produce more offspring during the transmission period. In
warmer climates, adult female mosquitoes digest blood faster and feed more frequently, thus increas-
ing transmission intensity (139, 140). Similarly, malaria parasites complete extrinsic incubation with-
in the female mosquito in a shorter time as temperature rises thereby increasing the proportion of in-

fective vectors (141).

Increased precipitation has the potential to increase the number and quality of breeding sites for vec-
tor mosquitoes and the density of vegetation, affecting the availability of resting sites. Cold tempera-
tures induce mortality or slow developmental rates (137), or reduce host-seeking activity. Similarly,
rainfall creates habitat for breeding for mosquitoes, and high humidity is necessary for survival of
mosquitoes (34, 142). The change of temperature favors mosquitoes development depending on the
prevailing local weather conditions (16, 143). A study conducted in Zimbabwe, indicated that annual
average temperature, rainfall and vapor pressure were strong positive predictors of increased annual
malaria incidence, whereas maximum and minimum temperature had the opposite effects (52). Reid
and colleagues documented also that malaria incidence rate was highly correlated with temperature
and humidity, but inversely associated with precipitation (144). They explained the negative correla-
tion between malaria incidence and rainfall by the fact that a heavy rainfall can wash the ground and

kill the eggs.
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According to a study done in Malawi, average temperature and average precipitation were found to be
associated with occurrence of malaria at lags of three months (145), but a study conducted in Uganda
indicated that rainfall anomaly following EIl Nino event was associated with increased malaria risk at
one month lag (146). A similar study conducted in China reported that climatic factors were correlat-
ed with P. vivax and P. falciparum at lag of a month (147). A local study done in an urban setting
documented that incidence of malaria was significantly and positively associated with maximum
and minimum temperatures at lag of a month, whereas rainfall was found to be positively, but weakly
correlated at delay of ten weeks (148). Additionally, positive correlation between malaria cases and
maximum temperature and rainfall was highlighted by a study conducted in Bangladesh and elevation

was also noted as an influential factor (149).

Again, ten-year retrospective trend study done in Jimma Town, Ethiopia and showed not only fluc-
tuation of number of malaria cases, but also changes in species of Plasmodium parasites following
climatic variables (150). Another local study that covered eighteen districts and ten years data of
monthly malaria morbidity reports has revealed that malaria cases distribution was heterogeneous
both spatially, temporally and spatiotemporally (151). Thus, understanding how malaria varies in the
community as a result of seasonal or year-to-year changes in environmental factors is important for

the planning of national malaria control programs (152)

1.4.5. Insecticide treated bed nets as main malaria prevention tools

Current methods of malaria vector control are highly dependent on pyrethroids, which are the most
commonly used compounds for indoor residual spraying (IRS) and the only insecticide class used for
insecticide treated nets (ITNs). The widespread use of a single class of insecticides increases the risk
that mosquitoes will develop resistance, which could rapidly lead to a major public health problem
(79). Apart from resistance, bed nets as a tool for malaria control can have other challenges such as
coverage, proper use, reimpregnation, and replacement of old and torn nets (153). Further, considera-
tion of the possible shift of the local malaria epidemiology prompts the need for evaluation of its
proper use and effectiveness in protecting malaria to ensure the long-term benefit of this control
method (154-156).
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Studies conducted in different settings pertaining to ITNs reported different findings regarding its uti-
lization and effectiveness to reduce malaria risks due to various factors. For instance, a study con-
ducted in Bangladeshi Highland indicated that households with less than three bed nets are two times
at risk of malaria infection compared to households that had three or more bed nets (117). The study
has identified also that 41.4% households with malaria positive cases had more than five household
sizes. This implies that distribution of ITNs one or two per households, especially in a rural setting
where the household size is large, may not give guarantee to protect family members. It is known that
children less than five years of age and pregnant women deserve priority to sleep under bed net. But
that study revealed that children were more than four times at risk of malaria compared to adults,

(greater than 17 years) although such crude age classification is not epidemiologically plausible.

A study done in Kenya showed that insecticide-treated bed nets have protective effect even for non
user compounds in a short distance from user compounds when the coverage among users is fifty
percent or more, but doesn’t protect when the coverage is less than 25% (157). However, studies done
in Equatorial Guinea and Malawi indicated that ITNs did not protect non-user neighbors and its pro-
tective potential depends on both intactness and coverage of the ITNs; whereas (158).

A study done in Tanzania, involving both health service records of malaria morbidity, two weeks fe-
ver recall survey of households and DSS data of four years (2005-08) indicated that a marked decline
of malaria possibly due to better health seeking behavior of community and scaled up ITN interven-
tion (159). Another study conducted in Kenya involving randomized controlled trial has also shown

reduction of malaria mortality and severe malaria among less than five years of age children (160).

Furthermore, an eight-years retrospective study carried out in Mali on outpatient consultation records
of urban community health centers using logistic regression and trends revealed that the monthly pre-
sumptive malaria diagnostic rate for children under five decreased by 66% and, the multi-level analy-
sis related 37% of this decrease to the distribution of bed net and treatment kits initiated in May of
2001 (47). Another cross-sectional study conducted in Eritrea revealed increasing coverage of ITNs
(81%), amount of IRS of DDT and Malathion used (6,444 kg to 43,491 kg) and proportion of malaria
cases treated by community health agents (50% to 78%) over five years period (2000-2004) had
markedly decreased malaria morbidity and case fatality by 84% and 40% respectively. Yet, the per-
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centage of less than five years of age children who slept under bed nets was only 58. 6% in contrast to
the proportion of households (81%) who possessed at least one bed net (161). The fact that the pro-
portion of children of less than five years of age and coverage of ITNs at country level implies that
ownership does not ensure utilization by target groups. Additionally,, it is difficult to rule out the ef-
fectiveness and contribution of ITNs at household level to protect malaria infection. Similarly, a
study has also shown that the proportion of under-five years of age children who slept under LLINS
in some African countries vary from country to country, ranging from 51.5% to 81.1% (162). The
reasons for non-use were households did not have the nets (9.4 to 30.0%), nets were not hanged
properly (5.1% to 16.1%) and though nets were hanged but children did not sleep under the net on the
night preceding the survey (4.3% to 16.4%).

In areas where unstable transmission of malaria prevails, all age groups are similarly affected. In such
situation, giving emphasis to only vulnerable groups is not enough to malaria control (92) as other
members of the same household have the probability of being infected and sustain the transmission.
A randomized control trial conducted in Ghana on pregnant women did not show difference in reduc-
ing malaria risk nor probability of giving low birth weight baby among women who used treated bed
nets and the control group (163). Another study conducted in Ghana, showed that the child’s family
possessing a bed net was not statistically significant for both the group who died of malaria and those
who died of other causes in relation to those who survived (164).Moreover, a study done in Tanzania
on pregnant women at delivery indicated that regardless of high coverage of ITNs, as 91% reportedly
sleeping under bed net on the night preceding the interview, 43% of them reported history of fever
and 8% of the placenta had been infected by Plasmodium species (165). Thus, regardless of how ef-
ficacious an intervention is, if compliance with use is low, the effectiveness will be poor. If ITNs are
to be successful against malaria, their effective implementation, promotion and sustainability over
time will require appropriate behavioral changes, not just providing bed nets to increase coverage
(166).

On the other hand, even if the vulnerable groups properly use ITNs (if at all), there could be possibil-
ity of being infected when they were out of beds for various reasons as far as infected mosquitoes are
around. Change of mosquitoes’ biting behavior is another challenge that makes questionable the pro-
tection efficiency of ITNs (167). For instance, study from Bolivia reported that the peak biting time
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for A. darlingi was between 19:00 and 21:00, where 40% of the biting took place (168). A recent
study conducted in northern part of Ethiopia revealed that the biting of mosquito shifted to early
evening (169). According to that study, 70% of biting was between 19:00 to 22:00. Similar study
done in central Ethiopian Rift Valley also indicated that the peak biting activities of the vectors oc-
curred before 22:00 (133). During early evening, normally most Ethiopian households, especially in
countryside, do not go to bed. Thus, reliance on bed nets in such circumstance needs careful assess-
ment of ITNs possession, proper utilization, and sufficiency for all family members, among other
things.

1.4.6. Indoor residual spraying and reduction of malaria

Indoor residual spray (IRS) has been the major protective measures in Africa (158, 170). Studies in-
dicated that IRS reduced 54% to 69% of malaria infection in Africa (171, 172). Proper application of
IRS has been known to successfully minimize the impacts of malaria (172-174). Conversely, with-
drawal of IRS has resulted in a significant increment of both vectors biting and Anopheles mosquito
longevity and blood meal index of Anopheles gambiae s.I. (175). Thus, recently the proportion of the
population protected by IRS substantially increased globally, and in the African Region particularly
(176).

Until recently, malaria has been the main health and socioeconomic impediment in Ethiopia (177,
178) accounting for millions of cases and thousands of deaths annually (85, 86). The Government of
the Federal Democratic Republic of Ethiopia has been taking major malaria control interventions, in-
cluding indoor residual spray (IRS) (80). In Ethiopia, IRS was started in the mid 1960s with DDT
75% WP and partly malathion (50% WP) till malaria vector resistance to DDT was detected in 2007
and fully replaced by deltamethrin (pyrethroids) in 2010. Since then, carbamate insecticide has been
used for IRS where resistance of malaria vectors to pyrethroids has been detected and malaria out-

breaks occur in some areas (87).

In Ethiopia, IRS has been conducted by contract spray-men (not by women) who receive six-days
training; and a porter, supervised by a squad leader (179), where district health office plans and im-

plements the IRS with technical and operational inputs from regional, zonal, and central health offic-
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es which is considered as ‘district-based model’, as majority of the technical preparation and man-
agement takes place at district level; and a team of spray operators (16-20 individuals) moves from
district to the community with all the necessary equipment and supplies (180) that makes it less effi-

cient in terms of scarce resources use and coverage of the unit structures.

The Federal Government of Ethiopia has started a health extension program to improve access, equity
and utilization of essential health interventions by deploying trained female health extension workers
(HEW) who deliver different health packages at a grass root level since 2005 (181, 182) with the as-
sumption that access to and quality of primary health care in rural communities can be improved
through transfer of health knowledge and skills to households (183, 184). The participation of these
female health extension workers in IRS as squad leaders of the team of spray operators, recruited
from the village community with technical support from the district malaria coordinator has been pi-
loted for the first time to shift the ‘district-based model’ to ‘community-based model’ (180).

Generally, malaria is a complex disease and its determinants vary with local conditions. Analysis of
malaria relevant data and regular updating of the information is a useful method for prediction of the
disease status and preparedness for malaria control (185). It is important to assess and analyze the lo-
cal contexts that affect the transmission dynamics so that effective control measures can be targeted
accordingly. The refined analysis of spatial and temporal distribution of malaria together with socio-
economic and demographic status of the population is thought to improve understanding of the fac-

tors that influence the dynamics of malaria in an area (125).

Although factors linked to the dynamics of malaria are complex, the main factors that determine the
dynamics of malaria are environmental factors, which limit the survival and longevity of malaria vec-
tors; socioeconomic conditions that affect both exposure level to mosquitoes as well as health-seeking
behaviour after infection. The inter-linkages of those driving factors of malaria transmission dynam-
ics are summarized, after reviewing related literatures (60, 89, 109, 110, 133, 134, 141, 186-192), in
the following conceptual framework (Figure 1). However, other limiting factors like aspect of health
services and mosquito’s intrinsic factors are not included into the framework as those aspects are out

of the scope of this study.
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1.4.7.  Conceptual framework
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15. Research hypotheses

Different species of mosquitoes prefer different amounts of water, among other things, to perpetuate.
As far as other conditions are fulfilled, even temporary and small water bodies can enhance the breed-
ing of mosquitoes; hence can sustain the transmission of malaria. In this case, whether large dams are
constructed or not as long as water bodies exist in certain locations and other factors (temperature,
humidity, altitude, etc) are conducive for the mosquito breeding, malaria is expected to continue af-
fecting the human population in that area. Yet, it is important to assess whether the presence of rela-
tively large water bodies such as dams (artificial lake), can affect the trends of malaria transmission

of a particular area. It is against this background that the following hypotheses are formulated.

1. Trends of malaria prevalence around Gilgel-Gibe Hydroelectric Dam and control sites are similar
during the time frame considered;

2. Spatial distribution of malaria around Gilgel-Gibe Hydroelectric Dam was not different for near-
by and distant sites during the time frame considered;

3. The possession and utilization of ITN by household members around Gilgel-Gibe Hydroelectric
Dam and control sites were not different.

4. Prevalence of malaria, in communities where ‘District-based Model’ and ‘Community-based

Model’ of indoor residual spray applied, is the same.
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2.0Dbjectives

2.1. General objective

The overall objective of this study was to identify malaria Spatiotemporal dynamics and factors af-

fecting malaria risks around Gil-Gel Gibe Hydroelectric Dam and the control area

2.2. Specific objectives

The specific objectives of this study are to:

2.2.1.compare trends of malaria around Gil-Gel Gibe Hydroelectric Dam and control villages over a

period of eight years.

2.2.2. analyze spatial distribution of malaria around Gil-Gel Gibe Hydroelectric Dam over a period of

eight years.

2.2.3. examine the role of climatic variables on occurrence of malaria both around Gil-Gel Gibe Hy-

droelectric Dam and control villages.

2.2.4. determine long lasting insecticide treated bed nets possession and utilization among residents

of Gil-Gel Gibe Hydroelectric Dam and control villages.

2.2.5. evaluate prevalence of malaria in communities where ‘District-based Model’ and ‘Community-

based Model’ of indoor residual spraying.
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3. Materials and methods

3.1.Study areas

3.1.1. Gilgel-Gibe Hydroelectric Dam area

Gilgel Gibe Hydroelectric Dam (GGHD) is located 260 km south-west of Addis Ababa, capital of
Ethiopia. On global positioning, the dam is found at 07.4253° to 07.5558° N and 037.1153° to
037.2033° E and started operating in 2004 (193). The area lies within the range of mosquito breeding
altitude. Surveys conducted in the area (132, 154, 194) have shown that prevalence of malaria in chil-
dren was higher by many fold than the national malaria indicator survey report of 2007 (80).

The study villages are located in Omo-Nada, Kersa, Sokoru and Tiro-Afeta Districts and about fifty-
five thousand population (11,000 Households) live within 10 km radius of this artificial lake. The
main socio-economic activities of the local communities are mixed farming including the cultivation

of staple crops, and cattle and small stock raising. All the villages have primary health care facilities.

3.1.2. Control villages

The control villages, which are 15 km far away from the Gil-Gibe Hydroelectric Dam, were identified
from Kersa District so that the possible effect of the Dam would not be reflected in the control area.
Those villages were selected considering the similarity of geographic features with the Dam area re-
garding altitude and presence of rivers, but without dam, and equivalent ranges of distance from wa-

ter bodies as main risk of malaria. Kersa District is located adjacent to the GGHD from the west.

From the District, only two kebeles (smallest administrative units) are found within 10 km radius of
the Dam and those villages (Dogoso and Siba) were considered to be influenced by the Dam. Thus,
they were included to the study villages of GGHD. Twenty-seven other kebeles (villages) of Kersa
District, excluding Dogoso and Siba, are malarious of which 21 are labeled as high risk villages of
which eight of them designated as control villages. Like GGHD areas, all those villages have health
posts staffed by health extension workers; the residents had similar living patterns and socioeconomic
characteristics. Figure 2 below, shows the positions of study sites with respect to map of Oromia re-

gional state within Ethiopia.
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Figure 2 Map of the Study sites within Oromia Regional State of Ethiopia

Raw data source: CSA & JU-IHSR
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3.2. Study design

3.2.1.  Trend analysis: A retrospective comparative study design was employed using data from
local health services (health centers and health posts) from both study and control villages. Records
of malaria episodes over eight years were retrieved from the local primary health care units (PHCUSs)
considering selected kebeles of the study areas. Thus, trends of malaria were analyzed by species, af-

fected persons and compared for the two sites retrospectively;

3.2.2. Analysis of spatial dynamics: confirmed malaria case records of eight years were retrieved
retrospectively from PHCUs of the GGHD site and traced to their locations. The data were linked to
Gilgel Gibe Health and Demographic Surveillance System (GGHD HDSS) data by demographic
characteristics and hence linked by location identity of the GGHD HDSS which had been geo-
referenced.

3.2.3. Role of climate variables on malaria transmission pattern: the correlation of climate vari-
ables (rainfall, relative humidity and temperatures) and malaria prevalence was analyzed using
spearman’s correlation coefficient separately and in common for the study sites. Data were obtained
from local health services (health centers and health posts) of both GGHD area and control villages
(Kersa District). This was done by reviewing malaria morbidity records of local health facilities per-
taining to villages within specified radius of GGHD and control sites since the construction of the
Dam.

3.2.4. Assessment of LLINS possession & utilization: a cross-sectional comparative survey of

households was conducted at both sites using semi-structured questionnaire.

3.2.5. Comparing malaria prevalence based on blood survey: this was a community based com-
parative cross-sectional study where blood samples were collected during peak malaria transmission
seasons to evaluate the status of malaria in the study areas with respect to application of indoor re-
sidual spraying modalities.
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3.3. Source of data/ study population

3.3.1. In Ethiopia, malaria cases are treated both clinically and as confirmed malaria in accordance
with the national guideline (86, 87), depending on the degree of diagnostic capabilities at different
levels of the healthcare system. Both the presumptive and confirmed cases are registered on prefor-
matted registration books (logbooks) at health facility levels and reported both weekly as well as
monthly to next higher level of health management. system. The present study included all malaria
records of the local primary healthcare units that were within the environs of GGHD and control vil-

lages registered by PHCUs between September 2003 and August 2011 were reviewed.

Additionally, meteorological data (temperature, humidity and precipitation) of the study areas were
sought from the National Meteorological Agency South West Ethiopia Regional Branch. Monthly
averages of the meteorological variables were computed from daily records and incorporated into ma-

laria trend analysis.

Inclusion and exclusion criteria

Inclusion criteria:

1. All confirmed malaria cases during the period considered and whose names and address were
recorded visibly were included into spatial dynamics analysis of the study.

2. All cases, whose date of health service visits and age were recorded, were included in the trend
analysis part of the study

Exclusion criteria:

1. Children who were not recorded by proper name and cases whose names invisible on log book
were excluded from spatial analysis as tracing was impractical.

2. Cases whose dates of health service visit were not written were excluded from trend analysis.

3. Records of cases that were not linked to the GGHD HDSS data by the location ID were ex-
cluded from the spatial analysis.

3.3.2. The source population for household and blood film surveys were residents who lived within

10 kilometres radius of GGHD and those residents in the control villages from Kersa Distract. The

respondents of household survey were heads/spouse or any adult person from households which were

within the sampled Gots. The study population for the blood survey were those residents who were

within sampled Gots (cluster of about 30 households).
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3.4.  Sample size determination

3.4.1. Household and blood surveys

An individual was used as a unit of study (sampling unit) for the blood film test and all the members
of households, including children, were tested for malaria during the survey. So, taking into account
the two study sites (Villages from GGHD and Control villages), two population proportion formulae
(195, 196) were used and the sample size was calculated as follows. From a previous study (154), the
prevalence of malaria in Gilgel-Gibe was 9.4% and we wanted to detect a difference of 3% (9.4%-

6.4%) considering 95% confidence level and power of 80%.

(A7 ) N AN G N ()

n—
(72'1 _72'2)2

Where:

_ (72'1—|—7Z'2)
2

n = Desired sample size

7C

7, = prevalence of malaria around Gil-gel Gibe Hydroelectric Dam was 9.4% (154).
r, = prevalence of malaria in the control area = 9.4%-3% = 6.4%
Z = standard score.

Z,_, = level of confidence at 95%; a. = 0. 05

Z, ,=80% power of detecting true difference.

Accordingly, a total of 2269 individuals of all age categories were included in the study, 50.5% from
GGHD site and 49.5% from control site where community-based model of IRS was conducted. This

means, 8 Gots from each site or a total of 16 Gots from both sites were included in this study.

Similarly, the number of households included into the household survey of LLIN/ITN was calculat-
ed using two population proportion formulae, taking into account the two study sites as follows: from
previous study (154), the proportion of households with at least one LLIN/ITN in GGHD villages

was 77% and taking 95% confidence level and power of 80% to detect true difference of 4% (77%-
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73%). Considering, 10% contingency for non-respondents, number of households included in the sur-
vey was estimated. Therefore, the desired sample was calculated to be 1186 households from each

site that implies a total of 2,372 households.

3.4.2. Record review

All malaria related cases registered at local primary health care facilities (health centers and health
posts) from 10 km radius of GGHD and control villages between September 2003 and August 2011
were reviewed. The time line consideration was based on two grounds: one, on data availability both
for GGHD as well as control areas; and the fact that significant change in number of malaria cases,
like epidemics occurs in cyclic fashion from 5 to 8 years period in the country (85, 197, 198). So any

fluctuation of such cycle could be captured.

3.5.  Survey sampling technique/procedure

Initially, both villages (GGHD area and control sites) were arranged into clusters based on their dis-
tances they have from GGHD and other water bodies (streams, rivers, ponds, marshy lands, etc) with
potential mosquito breeding sites. The total number of clusters was selected based on the assumption
that each cluster (Got) consists of 25 households (a Got, consists of about 30 households according to

the current administrative structure).

Then, equivalent number of clusters were categorized as near to and away from the water bodies
based on maximum mosquito flight range (117) so that comparison of malaria dynamics between
(GGHD area and control villages) as well as within (near and distant clusters) would be possible. The
study clusters were identified randomly. Considering probability proportional to sample size, the final
sample size was allocated to the selected clusters. Finally, all identified clusters were considered both
for the household and blood sample surveys. For the blood survey, considering probability propor-
tional to sample size, the final sample size the desired sample of a total of 2,266 persons were includ-

ed from the selected clusters (Gots).
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3.6. Data collection techniques

3.6.1. Health services data

A format (Annex Il) was outlined on excel spreadsheet and used to collect the secondary data from
local health facilities. Individual level data on malaria morbidity were collected from log books of
health facilities (health centers, health posts) and selected villages both from around GGHD and con-
trol villages. Variables like: diagnosis results (species of Plasmodium, where laboratory facilities
were available and clinically treated cases); date of diagnosis, residence, age, sex, etc were collected

and registered on computer spread sheet.

Furthermore, confirmed cases of the GGHD villages were traced and linked to location data (altitude,
latitude and longitude) to facilitate spatial analysis. Tracing of cases was done by categorizing them
according to their residence to small village level and identifying by inspection using demographic
variables (name, sex, age). Then, individual cases were related to location and individual identities
(ID) which were documented by GGHD HDSS. Finally, using the location ID, the data were linked to
GPS readings which were also kept by the GGHD HDSS.

3.6.2.  Blood and household surveys

A blood survey was conducted during peak malaria transmission seasons on all segments of popula-
tion who lived in the sample villages and tests were done using rapid diagnostic test (RDT). Blood
film tests were also done on ten percent of the sample for checking quality of the tests. To do so,
thick and thin blood films prepared from capillary blood, stained with Giemsa and 100 oil immersion
fields were examined following WHO standard procedures (199). Results of blood samples and de-
mographics of the study populations were recorded on a prearranged format (Annex Il1).

Semi-structured questionnaire was considered best for determining the frequency of beliefs, opinions,
views, perceptions and reported practices pertaining to malaria prevention and control, upon which
more valid generalizations could be based (43, 105, 122, 200). So, using semi-structured question-
naire, data on demographic characteristics, socio-economic information, LLIN possession and utiliza-
tion of the households’ members were collected. For this purpose tools (Annex 1) have been devel-

oped by reviewing relevant literatures (201-204).
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3.6.3. Meteorological data

Daily records of meteorological data such as precipitation, relative humidity and temperature for the
study period of the study areas were sought from the National Meteorological Agency, South-West
Regional Branch. Monthly averages of the meteorological variables were computed both for maxi-

mum and minimum of the variables and incorporated to malaria trend analysis.

3.7. Data processing and management
3.7.1. Health service data

The current study included all the presumptive and confirmed malaria records of the local PHCUs
that were registered by the PHCUs of the two study sites between September 2003 and August 2011.
The timeline consideration was based on data availability and the fact that significant change in the
number of malaria cases, such as epidemics, occurs in cyclic fashion from five to eight-year periods
in the country (85, 197, 198), in order that any fluctuation of such cycle could be captured. A format
was prepared on a computer spreadsheet (Excel) to capture the secondary data from log books of lo-
cal PHCUSs of the area. Individual level data on malaria morbidity; such as, diagnosis results; dates of

diagnoses; available demographic data (residence, age, sex) were registered on computer spreadsheet.

Data on malaria episodes records of the PHCUs of the study sites were transferred to Excel spread-
sheet, checked for completeness, coded; then, prepared data of malaria were exported to STATA sta-
tistical software version 12. Data were then aggregated by sex, age and village to describe the distri-
bution of malaria prevalence among the study subjects and among the villages. To derive denomina-
tor of the trend analysis, mid-year population of the villages was calculated for each time period and
for different age categories accordingly. For the GGHD site, the denominator derived from the GG
HDSS data, whereas that of the control site was obtained from the census information and Kersa dis-
trict population data records. The district information was also cross-checked and it was found to be

with the data of household survey results.

To facilitate spatial analysis, location records of GGHD HDSS (GPS data) were exported to ArcGIS
version 9.3 and shape file was prepared in degree decimals. The study setting was categorized in to

five buffer zones considering distance interval of one kilometer. The altitude of the area was also
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categorized into six levels as up to 1700, 1701 to 1800, 1801 to 1900, 1901 to 2000, 2001 to 2100,
and above 2100 meter above sea level taking into account the narrow range of this micro-
epidemiological setting. Then, the shape file data were exported to STATA statistical software. Indi-
vidual level data were cross-linked to location references by unique identification codes for the spatial
analysis. Incidence rate ratio (IRR) was used to estimate the level of malaria episode count ratios

among the buffer zones of the GGHD as well as among the altitudinal levels.

The number of base population in the buffer zones and in the ranges of altitude were incorporated as
an offset variable to adjust for the underlying population density while computing the IRRs among
both the buffer zones and ranges of the altitude. The temporal variation in malaria distribution was
noted by parasite species and month, quarters and years. Furthermore, the inter-annual trend of the
malaria episodes was analyzed both for all positive cases and for P. vivax malaria relative to P. falci-
parum using the IRR to detect change in magnitude of the malaria episodes by years relative to the

initial year.

3.7.2. Household and blood surveys data

Dependent variables, perceptions and practices regarding existing malaria prevention and control
tools, including LLIN possession and utilization, were analyzed using multinomial regression models
(205). Data were entered into EpiData entry 2 software and exported to Statistical Package for Social
Sciences (SPSS) version 20 for Windows, edited, cleaned, and analyzed. Durable household assets,
sanitation facilities, farm animals, grain produced in the preceding year of the survey and housing
conditions were considered in the construction of household relative wealth index (RWI) using prin-
cipal component analysis. Socioeconomic and demographic characteristics of the study subjects were
summarized in a table. Furthermore, the study subjects were compared based on means of continuous
variables such as age, family size and income using t-test for differences of means. Similarly, data on
blood samples and demographics were recorded in a prearranged format. Data were then entered into
EpiData version 3.1 and exported to SPSS version 20 for Windows, aggregated by sex, age, village
and household RWI to describe the distribution of malaria prevalence among study subjects and

among the villages with respect to these variables
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3.8. Data quality assurance

3.8.1.Health service data: To ensure quality, data collection tools (annex V) were used. Data were
entered into computer software, checked, edited, cleaned and analyzed. The usual weakness of sec-
ondary data (like diagnosis quality in this case) was similar for both GGHD and control areas so that
comparability of the two sites would not be affected.

3.8.2. Household survey: To ensure quality, data collection questionnaire (Annex Il) was pre-tested,
check lists and field guides were used. Adequate training was given to data collectors. Daily on job
supervision was done by field level supervisors. Furthermore, each questionnaire and format were

checked for completeness and proper fill.

3.8.3.Blood film tests: To maintain the validity of the blood examinations for Plasmodium species,
trained and experienced health extension workers, who were supervised by laboratory techni-
cians/technologists, conducted the collection and examination of blood tests. Blood films were taken
from ten percent of the participants and analysed by experienced laboratory technologists by micros-

copy as quality check of the RDT tests.

Additionally, the household and blood surveys, EpiData software version 3.1 was used for data entry

so that error entries were control based on defined rules while designing data entry template.
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3.0. Ethical considerations

Ethical clearances were obtained from the Addis Ababa University College of Health Sciences Ethi-
cal Review Board; Oromia Regional Health Bureau Ethical Review Committee. Furthermore, Jimma
Zonal and District Health offices as well as local administrators were communicated by formal letters
for their cooperation and community consents; consent was obtained from study subjects and for
children parents or caretakers were communicated for consent. Individuals who were positive for ma-
laria were treated with proper anti-malarial drugs by collaborating with Oromia Regional Health Bu-
reau, Jimma Zone Health Department and the respective districts health offices based on the Ethiopi-
an Malaria Diagnosis and Treatment Guideline (86).

Individual information was kept confidential and the names of individuals were removed both from
filled questionnaires as well as secondary data of health services and identified only by identification
numbers. Hard copies of the information were kept in a locked cupboard and the results were com-
municated in an aggregated manner. The study subjects were left free when they refused to give
blood sample and/or responses to questions and such refusal did not have any impact on them to get
health services they may need at any time. Furthermore, “got” (aggregates of households) where on-
going studies regarding malaria, were being conducted were not included into the household and
blood surveys of this study.

Blood samples were collected by trained health workers/laboratory technicians who have experience
in blood sample collection. Sterilized blood lancets were used to avoid infection. There might be
slight discomfort, pain and bleeding during the procedure. However, we did not wish this to happen;
yet, this doesn’t cause lasting pain and it is negligible compared to the benefit of identification of ma-
laria parasites when present which cause disease, disability and even death if left untreated properly.
Those individuals who became positive for malaria were treated with proper anti-malarial drugs

based on the Ethiopian Malaria Diagnosis and Treatment Guideline (86).
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3.10.

Brief Summary of methods

Table 1 Summary of methodology

S. | Specific objectives | Study de- Sample size Data sources Data collection | Analytical models
No signs (Study popula- | techniques used

tion)
1 | To analyze trends Comparative | 163,918 malaria episodes reg- | Malaria records of | Record review Descriptive, Multi-

of malaria

retrospective

istered between September
2003 and August 2011 in the
study areas.

local health facili-
ties

and use of com-
puter spread-
sheet

nomial logistic regres-

sion

2 | To assess spatial Comparative | Positive malaria episode rec- | Malaria episode Record review Poisson model for risk
distribution of ma- | retrospective | ords between September 2003 | records of PHCUs | GPS data ratios among buffer
laria around GGHD and August 2011 & linked to | & GPS data from zones and altitudinal

GGHD HDSS site (# 10,443) | GGHD HDSS levels

3 | Toanalyze role of | Comparative | 163,918 malaria episodes reg- | Malaria episode Record review
climatic variables retrospective | istered between September records of PHCUs | and use of com- | Spearman’s correla-
on malaria 2003 and August 2011 and weather data puter spread- tion coefficient

records sheet

4 | To determine the Comparative Respondents of Questionnaire Multiple logistic re-
possession and uti- | cross- 2,372 respondents house household based household | gression and F tests
lization LLINS sectional survey survey for proportions

5 | To compare malaria | Comparative blood survey of

prevalence with re-
spect to application
models of IRS

Cross-
sectional

2,269 sample individuals

Community based
blood survey

household
members

Descriptive
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4. Results

The main findings of the study are summarized under five sub-headings. Namely: Analy-
sis of Trend of Malaria Prevalence, Dynamics of P. falciparum and P. vivax in a Micro-
ecological Setting, Southwest Ethiopia: Effects of Altitude and Proximity to a Dam, Cor-
relation of Climate Variability and Malaria: A Retrospective Comparative study, Predic-
tors of Long Lasting Insecticide treated bed nets Possession and Utilization and Potential
Shift of Indoor Residual Spray from District-based Model to Community-based Model.

4.1. Analysis of Trend of Malaria Prevalence in Southwest Ethiopia: A

Retrospective Comparative Study

This retrospective study assessed records of 163,918 malaria episodes registered over
eight years ( between September 2003 and August 2011) period. Overall, the male to fe-
male population ratio was 1.08: 1 and slightly higher for Gilgel Gibe Hydroelectric Dam
(GGHD) site (1.12:1 vs 1.06: 1) than the control site. Close to a third (32.7%) of cases
were from GGHD site and two-third (67.3%) of them were from the control site. As de-
picted in table 2, the under-five age group has constituted 12.0% of all cases, which was
higher in the control site (12.7% vs 10.5%) than GGHD site. The proportion of children
aged from 5 to 14 years was 28.0% (28.3% in the control vs 27.6% in GGHD); also the
proportion in the age group 10 to 14 years was higher among the control (16.3% vs
14.4%) than the GGHD site. On the other hand, the composition of adult cases aged fif-
teen years and above was higher in the GGHD site (62.3% vs 59.0%) than the control site
(Table 1 of paper one).

As indicated in table 2 below, close to two-third (60.5%) of the 163,918 cases were con-
firmed malaria cases, whereas more than one-third (39.5%) of them were clinical malaria
cases, including probable malaria cases. Overall, P. falciparum and P. vivax malaria ac-
counted for one-third and a quarter of all the cases respectively across all age groups. Per-

taining to the species composition, among the confirmed cases, P. falciparum constituted
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54.6% (60.4% in GGHD and 52.3% in the control), P. vivax accounted for 41.6% (33.6%
in GGHD and 44.7% in control) and mixed species was 3.8% (6.0% in GGHD and 3.0%
in control) of the confirmed cases.

There have been differences in the composition of Plasmodium species between the study
sites. In the under five years of age group, all the Plasmodium species were significantly
higher in the control site than the GGHD site There have been higher proportion of infec-
tions in control site by both P. falciparum and P. vivax species in all age categories. In-
fection by P. falciparum and P. vivax malaria was 1.5 and 2.2 times more likely to occur
in the control site compared to GGHD site among the under five years of age group. The
prevalence of P. falciparum and P. vivax was respectively more than two and three times
likely to occur among children five to fourteen years age group in the control sites com-
pared to the GGHD site. Among the adults fifteen years and above years of age, the prev-
alence of P. falciparum and P. vivax were 1.7 and 2.7 respectively more likely to happen

in the control sites compared to the GGHD site (Table 2).
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Table 2 Distribution of malaria cases by age group, diagnosis and study sites, Jimma
zone, southwest Ethiopia, September 2003-August 2011

Age group GGHD Control Odds Ratio
(year) Diagnosis N (%) N (%0) (C.1)
P.falciparum 1437 (23.8) 4606 (76.2) 0.65 (0.53,0.80)*
- P. vivax 901 (18.2) 4056 (81.8) 0.46 (0.38,0.57)*
P. mixed 145 (32.4) 302 (67.6) 1
Sub total 2483 (21.7) 8964 (78.3)
P.falciparum 2293 (33.6) 4530 (66.4) 0.47 (0.39,0.56)*
o P. vivax 1239 (23.9) 3954(76.1) 0.29 (0.24,0.35)*
P. mixed 261 (52.1) 240(47.9) 1
sub total 3793(30.3) 8724 (69.7)
P.falciparum 2260 (27.2) 6053 (72.8) 0.45 (0.38,0.54)*
1014 P. vivax 1323 (20.5) 5143 (79.5) 0.31 (0.26,37)*
P. mixed 263 (45.1) 320 (54.9) 1
sub total 3846 (25.0) 11516 (75.0)
P.falciparum 10939 (33.2) 22045 (66.8) 0.61 (0.57,0.67)*
- P. vivax 5047 (24.2) 18676 (75.8)  0.40 (0.36, 0.43)*
P. mixed 1011 (44.5) 1262 (55.5) 1
sub total 17897 (29.9) 41983 (70.1)
P. falciparum 16929 (31.3) 37234 (68.7) 0.58 (0.54,0.61)*
Total P. vivax 0410 (22.8) 31829 (77.2) 0.37(035,0.40)*
P. mixed 1680 (44.2) 2124 (55.8) 1
Total 28019 (28.2) 71187 (71.8)
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As shown in table 3 below, the proportion of P. falciparum among under five children
was 52.0%. Conversely, the overall proportion of the P. vivax among this age group was
43.3%. The proportion of SM was 3.9% in the under children. The overall compositions
of Plasmodium species was similar for the children age group from five to nine years and
those in the age range of ten to fourteen years with only 0.4% more P. falciparum in the

ten to fourteen years and 0.6% more P. vivax in the other age group.

A larger proportion of the P. falciparum was observed in the years 2003/4 (59.2%) and
2006/7 (58.8%), whereas a lower proportion of the P. falciparum was noticed in 2007/8
(48.0%) and in 2010/11 (37.7%). Higher proportion of P. vivax was registered in 2007/8
(49.1%) and in 2010/11 (47.2), whereas lower proportion was seen in 2003/4 (27.8%).
On the other hand, higher proportion of the SM was recorded in 2003/4 (13.0%) and in
2010/11 (15.1%) and lower proportion was seen in 2006/7 (0.5%) and in 2008/9 (1.9%).

There were small variations among the individual years regarding to proportion of P. fal-
ciparum in the under five years of age children. Except inter annual variations, there was
no much difference in the composition of Plasmodium species between children in the
age group from ten to fourteen years and adults fifteen years and above. There was only a
1.0% more P. falciparum in the adult group and conversely 1.0% more P. vivax in the
children group. The SM was the same (3.8%) in both groups (Table 3).
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Table 3 Distribution of confirmed malaria cases by age group, Plasmodium species

and years of health service visits, Jimma zone, Southwest Ethiopia, September 2003-

August 2011
Age Species Years of health facility visits

(vears) Types 2003/4 2004/5 2005/6 2006/7 2007/8 2008/9 2009/10 2010/11 Total
§(%) H(%) #(%) H(%) #(%) #(%) #(%) £(%) #(%)
o 13 1189 3L 0.7 1050 B2 150 o5 6043
T 592 (s54) (540) 8) (480) (570) (15 (31.7) (528)
147 914 262 1284 586 1328 4957
<5 PV o78) @26) @27) 300 491y w11y (30 PG (433
oy 69432 4 77 21 169 38 447
(130) (200 (33) (05 (29 (L9 (55)  (151)  (3.9)
Subtotal 529 2146 613 780 2615 1425 3087 252 11447
467 1099 349 1275 985 1865 6823
PT 629 (548 (566) 222058 g7y (613 (a5 8(488) (5
169 846 248 1209 608 1395 5193
5-9 PV 208) @22 @02 @20 496 @78 (408 16 (415
oy 106 590 20 15 43 14 160 84 501
(143) (29 (32) (15 (16 (0.9 (47)  (169)  (4.0)
Subtotal 742 2004 617 1012 2617 1607 _ 3420 498 12517
508 1479 471 721 1514 1167 2200 8313
PT 605 (s52) (587) (605) (45.9) (60.2) (53.9) 163(420) (51
245 1150 302 1717 754 1674 6466
1014 TV a8 @29 @77) P0G w1y (389 (@10 A8 o
oy M5 49 29 20 67 16 206 51 583
(147)  (18) (36) (L7) (20) (0.8) (50) (131)  (38)
Subtotal 988 2678 802 1191 3298 1937 _ 4080 388 15362
1818 5350 1670 2776 6231 5017 9187 32084

p. f 926 (44.2)
611) (565) (555) (56.6) (48.9) (62.3) (55.2) (55.1)
by 754 386 1243 2066 6226 2082 6625 oy oo 24623
> 15 Vo (253) (411) (413) (421) (489) (37.0) (39.8) ) (411
404 97 61 273 57 820 2273
SMo q3g) 25@Y 35 (12 1) 07 (a9 006D 54
Subtotal 2976 9480 3010 4903 12730 8056 16632 2093 59880
o 319 9126 2821 4521 10274 7981 14842 1402 54163
T 611) (56.0) (56.0) (57.3) (483) (613) (545)  (434)  (54.6)
o, 1315 6806 2055 3065 10526 4930 11022 1320 41239
Total V. (251) (417) (40.8) (414) (495) (37.9) (405)  (409)  (416)
724 166 460 114 3804
M oy 6@ g9 10003 55 & 135(50) 509(158) gg
Total 5235 16308 5042 7886 21260 13025 27219 3231 99206

* P. f: Plasmodium falciparum; P. v: Plasmodium vivax; SM: Plasmodium mixed.
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With regard to the composition of the Plasmodium species with respect to the monthly
average of number of cases, different patterns in years round were noticed. As illustrated
in figure 2 below, in the GGHD site the P. falciparum (brown line) exhibited one minor
and another major peak transmission. Starting from February, episodes of P. falciparum
showed gradual increase and reached the minor peak in May. The major peak transmis-
sion period was from September through November when 44.5% of the annual infection

of P. falciparum was registered.

The monthly distribution of P. vivax (black line) in the GGHD site was almost similar.
The P. vivax occurrence in the GGHD site was mostly below two percent, except during
the months September to October when it reached about two and half percent of the an-
nual transmission. The mixed species (SM) infection (green line) was generally far below

one percent, except during the month of October.

In the control site, staring from May there was gradual but steady increment of P. falci-
parum (red line) through September, then transmission accelerated and reached its main
peak (9.6%) in November. In the control site, close to a third of the annual transmission
of P. falciparum took place from October to December. From December to February,
there was steady decline. Then, it showed a minor peak (7.1%) in March and exhibited
again decrement where it reached the lowest level (4.6%) in April.

Regarding P. vivax monthly distribution (blue dashed line) in the site, like P. falciparum
its two moderate transmission peaks were in March and November. Its transmission pat-
tern from February to April was similar with that of P. falciparum, which was minor
peak. After the month of April, P. vivax transmission showed very slow decline and
reached its lowest level (3.5%) in September. Then, it rose gradually and reached its se-
cond peak in November. The SM (aqua line) monthly average distribution was almost the
same and it was below five infections among a thousand population throughout the year
in the control site (Fig 3).
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Figure 3 Monthly average trends of confirmed malaria prevalence by Plasmodium

species and sites, Jimma zone, Southwest Ethiopia, September 2003-August 2011

The proportion of species composition in the two study sites showed different patterns
over the eight years period. As depicted in figure 4 below, the proportion of P. falcipa-
rum (aqua line) was generally higher in the GGHD site relative to P. vivax. During the
2003 and 2004, it was slightly less than 50%. However, it reached 60% in 2005 though it
showed some declining the following year. Starting from 2006, it steadily rose and
reached above 70% in 2009. In 2010, the proportion of P. falciparum declined once again

to about 50% of the malaria infections.

On the other hand, the proportion of P. vivax (brown dotted line) in the GGHD site was
below 20% in 2003. However, it escalated to more than 40% in the following year. It de-
clined again in 2005 to about 32% and gradually increased for the next subsequent two
years. From 2007 to 2009, there was another gradual decline to about 25%. It increased to
nearly 40% in 2010 though it showed another decline in 2011. Regarding SM (purple
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dashed line), it was about 30% in 2003, but sharply dropped to less than 10% in 2004,
then steadily decreased further for the subsequent three years. It was below one percent in
the years from 2007 to 2009; however, there was gradual increase of the SM proportion in
the following two years.

In the control site, the proportion of P. falciparum (blue line) initially was higher than
that of P vivax. However, gradual and steady decline of the P. falciparum proportion was
evident over the eight years. Conversely, the proportion of P. vivax (red dotted line) in-
creased from below 20 % in 2003 to over 70% in 2011. The proportion of SM (green
dashed line) was generally similar and at lower level in the control site, except in 2011
when it exhibited a small augment (Fig 4).
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Figure 4 Plasmodium species proportions of confirmed malaria by sites and year,
Jimma zone, Southwest Ethiopia, September 2003 to August 2011
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Comparison of all confirmed malaria yearly prevalence over the study period in the two
study sites was also carried out. During 2003, the prevalence of malaria was at similar
levels in both sites and decreased in similar fashion in the first year. However, as depict-
ed in figure 5, after 2004, the prevalence of malaria in the control site (green line) was
higher than that of the GGHD site. In the control site, there were several peaks of malar-
ia. Especially, the periods from 2004 to 2005, 2006, 2007, and 2009 to 2010 character-

ized by major peaks of malaria.

However, after 2010, there was a drastic drop of the prevalence of malaria in the control
site. In contrast to the control site, the prevalence of malaria in the GGHD site (red line)
was lower. During the first two years malaria prevalence declined in the GGHD site
though slight peak was observed in 2004. Since 2005 persistent rise in malaria preva-
lence, had been observed in general. Particularly, there was at least a peak of malaria
prevalence yearly from 2007 through 2009. The peak of the prevalence that observed in
2009 was the highest of the other years in the GGHD site. After 2009, malaria prevalence
declined in the GGHD site as well (Fig 5).
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Figure 5 Trend of all confirmed malaria prevalence by study site and year,
Jimma zone, southwest Ethiopia, September 2003-August 2011
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Malaria prevalence decreased both in GGHD and control sites from September 2003 to
August 2004. Then, the patterns of malaria prevalence in the sites gradually followed dif-
ferent patterns. In the GGHD area, malaria prevalence (red line) was low, starting from
December 2003 to September 2006 with two small rises between September and Novem-
ber 2004 and 2005. However, there was persistent and gradual increment of malaria
prevalence during subsequent four years with peak transmission of different magnitude in
September 2007, 2008 and 2009. The peak in 2008 coincided with that of the control area
peak. The rise of prevalence in September 2009 was the highest one in the GGHD area.

Since March 2010, malaria prevalence decreased steadily in the GGHD area.

In the control site (green line), the prevalence of malaria had been excessively higher
since September 2004. From September 2004 onwards, the malaria prevalence remained
at higher levels throughout the year, and dropped sharply in September 2005 and further
reduced in December 2005. From March to September 2006, there was a peak during the
six months. From September 2007 to July 2008, the highest rise of malaria prevalence
was noticed in the control site. There were still peaking of malaria prevalence in the area
during September to December 2008 and September 2009 to September 2010 for about

two subsequent years until it dropped drastically almost to zero level in September 2011
(Fig 5).
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Figure 6 Trend of average confirmed malaria prevalence by quarter, year and study

sites, Jimma zone, Southwest Ethiopia, September 2003-August 2011

The patterns of Plasmodium species composition over the study period were also as-
sessed by study sites. As indicated in figure 7 below P. falciparum infection showed dif-
ferent patterns in the two study sites. In the GGHD site, P. falciparum (black dashed line)
infection was lower in 2003 and further declined in the following two years. Since 2006,
P. falciparum steadily escalated and reached highest level of above eleven percent in
2009 forming only one major peak of transmission. Then, the prevalence of P. falciparum
sharply decreased over the following two years and reduced to below two percent in
2011.

On the other hand, P. vivax malaria prevalence (purple dashed line), gradually increased
since 2006 in the GGHD site over the following two years and leveled about to be plateau
in the subsequent two years after 2008, then regressed to less than one percent in 2011.
The mixed species (SM), denoted by green dashed line, was found to be lower in the

GGHD site throughout the eight years of this study.
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In the control site, both P. falciparum (red line) and P. vivax (blue line) showed three
main peaks of transmission in the eight years period. In the first two years, there was a
persistent increase of cases and reached the first peak in 2005, then reduced in 2006.
Again, it gradually rose and reached another peak in 2008. In 2009, there was a slight de-
cline of P. falciparum cases, although the number of cases rose once again in 2010 when
it reached its third peak. Before 2008, P. falciparum was higher than P. vivax; however,
in 2008 and 2010 the prevalence of P. vivax took a lead. Starting from 2010, both P. fal-
ciparum and P. vivax reduced drastically and reduced almost to zero level in 2011. The
prevalence of SM malaria (aqua line) was low and below one percent in most cases ex-
cept in 2011 (1.8%) in the control site (Fig 7).

o000 0e(GGPf Control Pf e e e e e GG Pv Control Py ====- GG Pm Control PM

16% -

14% -

12% -

[EnY

Q

X
1

(2]
X
1

Malaria prevalence
[0}
X
1

4% -

2% -

0%

2003 2004 2005 2006 2007 2008 2009 2010 2011

Years of health facility visits

Figure 7 Prevalence of confirmed malaria by species, sites and year, Jimma zone
Southwest Ethiopia September 2003-August 2011
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There was variation of trend of confirmed malaria among different age groups as well as
year-to-year trends. In the control site, children in the age group 10 to 14 years were the
most affected ones throughout the study period (red line). Especially, in 2005 (89.5%),
2008 (99.0%) and 2010 (82.6%), when major peak transmissions of malaria noticed, the
prevalence of the disease in this age group was higher by many fold than adults. The peak
transmissions appeared to be more pronounced among the children below fifteen years,

particularly those in the age group 10 to 14 years.

In the GGHD site, children 10 to 14 years were the most affected too (blue line). The un-
der five and five to nine years age groups were the second most affected one in both sites.
There was not much pronounced risk difference between these age categories (black dot-
ted and yellow line for the control site and brown and aqua dotted lines for the GGHD
site), both were at similar risk level. The prevalence of the diseased was higher in the
control site among all age groups, in spite of the fact that prevalence of the disease was

lower in adults age group in general (Fig 9).
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Figure 8 Prevalence of confirmed malaria by study site, age group and year,
Jimma zone, Southwest Ethiopia
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4.2. Dynamics of P. falciparum and P. vivax in a Micro-Ecological Set-

ting, Southwest Ethiopia: Effects of Altitude and Proximity to a Dam

A total of 53,624 malaria episodes were recorded in the Gilgel Gibe HDSS site over a
period of eight years of which 25,605 (47.7%) were records of clinical malaria and
28,019(52.3%) were confirmed malaria episodes. Of the positive cases, P. falciparum, P.
vivax and SM constituted 60.4%, 33.6% and 6.0% respectively. Only those the records
that the researcher managed to establish link with location identification of the Gilgel
Gibe HDSS (10,443 episode records) were analyzed for spatial distribution of the diseas-
es, while all the confirmed positive malaria records were considered in the temporal anal-

ysis.

The species composition of the geo-referenced malaria episodes were P. falciparum
(69.2%), P. vivax (22.6%) and SM (8.2%). Generally, the contribution of P. falciparum
was higher near the GGHD and proportion of P. vivax exhibited increment with the dis-
tance from the GGHD. Overall, 39.5% of the episodes were recorded in a distance of less
than a kilometer radius of GGHD of which P. falciparum and P. vivax accounted for 81.4
% and 10.4% respectively. In the buffer zone from one to two kilometers radius, where a
little bit more than a quarter of the malaria episodes wave recorded, P. falciparum con-
tributed 68.2%, while the proportion of P. vivax was 22.5%. In the buffer zone from two
to three kilometers radius, P. falciparum and P. vivax accounted for 62.7% and 27.8 %
respectively. The proportions of P. falciparum in the buffer zones from three to four and
four to five kilometers were 58.9% and 47.6%, while that of P. vivax were 34.8% and
48.3% respectively. Beyond five kilometers, the proportion of P. falciparum showed
sharp shrink to 7.3% while that of P. vivax rose to 91.8% (Table 4).

Distribution of malaria episodes showed different patterns within species as well as
among the buffer zones. Unlike P. vivax (18.1%), 46.4% of the P. falciparum and 39.4%
of mixed species episodes were registered within a kilometer radius of the GGHD. The
proportions of P. falciparum and P. vivax recorded in the buffer zone within range of one

to two kilometers radius of GGHD were almost the same, 26.5% and 26.7% respectively.
47



On the other hand, only less than four in a hundred (3.6%) cases of P. falciparum, but
about one in ten (19.5%) of the P. vivax episodes were recorded beyond two kilometers
radius of the GGHD. The proportions of P. falciparum and P. vivax were similar for
males and females where the former constituted nearly seven out of ten infections in both
sexes (Table 4).

Only less than 1% of malaria episodes were registered to occur in the lower altitude of up
to 1700 meter above sea level (masl). Majority of (79.2%) of the malaria episodes were
registered in the altitude range of 1701-1800 masl where 80.2% of the P. falciparum and
74.3% of P. vivax malaria episodes were recorded and the composition of P. falciparum
and P. vivax were 70.1% and 21.2% respectively. The next larger number (12.3%) of ma-
laria episodes was registered in the altitude range of 1801-1900 masl. In this range,
11.9% and 14.3% P. falciparum and P. vivax were recorded and the proportions contrib-

uted by P. falciparum and P. vivax were 66.9% and 27.2% respectively (Table 4).
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Table 4 Distribution of confirmed malaria episodes by Plasmodium species, distance
from GGHD, altitude and sex , Jimma zone, southwest Ethiopia, September 2003 to

August 2011
Varia- Diagnosis (species of Plasmodium), N (%*) Total
bles Categories P. falciparum P. vivax Mixed
<1km N 3,250 (45.0) 427 (18.1) 336(39.3) 4,013 (38.4)
% 81.0 10.6 8.4 100.00
1to 2 km N 1,890(26.2) 629(26.6)  261(30.5) 2,780 (26.6)
% 68.0 22.6 9.4 100.00
Distance  2to 3km N 1,180 (16.3)  473(20.0)  167(19.5)  1,820(17.4)
from % 64.8 26.0 9.3 100.00
GGHD 3to4 km N 661(9.2) 395(16.7) 68(8.0) 1,124 (10.8)
% 58.8 35.1 6.0 100.00
4105 km N 243(3.4) 228(9.7) 21(2.5) 492(4.7)
% 49.4 46.3 4.3 100.00
> 5 km N 2(0.03) 210(8.9) 2(0.2) 214(2.1)
% 0.9 98.1 0.9 100.00
<1700 m N 18 (0.3) 74 (3.1) 5 (0.6) 97 (0.9)
% 18.6 76.2 5.2 100
1701-1800 m N 5,796 (80.2)  1,755(74.3) 716(83.7) 8,267 (79.2)
% 70.1 21.2 8.7 100
Altitude N 857 (11.9) 348 (14.7) 77 (9.0) 1,282 (12.3)
1801-1900m o 66.9 27.2 6.0 100
N 302 (4.2) 115 (4.9) 37 (4.3) 454 (4.4)
1901-2000m o 66.5 25.3 8.2 100
N 137 (1.9) 35 (1.5) 15 (1.8) 187 (1.8)
2001-2100m o 733 18.7 8.0 100
>2100 m N 116 (1.6) 35 (1.5) 5 (0.6) 156 (1.5)
% 74.4 22.4 3.2 100
<5 N 651 (9.0) 258 (10.9) 85 (9.9) 994 (9.5)
% 57.7 36.1 6.3 100
5-9 N 968 (13.4) 345(14.6) 114 (13.3) 1,427 (13.7)
Age % 60.6 325 6.9 100
(year) 10-14 N 1,098 (15.2) 370 (15.7) 116 (13.6) 1,584 (15.2)
% 64.0 29.6 6.3 100
15 + N 4,509 (62.4) 1,389 (58.8) 540 (63.2) 6,438 (61.7)
% 61.5 30.9 7.7 100
Male N 4,032 (55.8) 1,360(57.6) 450 (52.8)  5,842(56.0)
Sex % 69.0 23.3 7.70 100.00
Female N 3,194 (44.2) 1,002 (42.4) 404 (57.2)  4,600(44.1)
% 69.4 21.8 8.8 100.00
Total N 7,226 (100) 2,362 (100) 855 (100) 10,443 (100)
% 61.3 31.3 7.3 100

* Percentage within diagnosis
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As distance increases from the GGHD, the occurrence of P. falciparum malaria increases
up to five km. In the buffer zone 1 to 1.99 km (2" buffer), P. falciparum about four times
more likely to occur compared to the buffer zone with in one km radius of GGHD, which
is the reference buffer zone. In the 3" buffer zone (3 to 3.99 km), the occurrence of P.
falciparum was more than five times likely to occur compared to the reference buffer
zone. In the 4™ and 5™ buffer zones, P. falciparum was about four times and three times
respectively more likely to occur compared to the reference buffer zone. Starting from
five km, the occurrence of P. falciparum malaria was not significantly different from that

of the reference buffer zone.

However, increasing altitude showed both positive and negative correlations with the oc-
currence of P. falciparum malaria and the correlations were significant, except altitude
from 1801 to 1900 masl compared to the reference altitude of up to 1700 masl. In the alti-
tude range between 1701 to 1900 masl, the occurrence of P. falciparum was negatively
correlated compared to the reference altitude. On the other hand, above 1900 m, there
was positive and steadily significant increase of P. falciparum. In the altitude ranges
from 1901-2000 m, 2001-2100 and above 2100 masl, P. falciparum P. falciparum 1.6
times, 2.5 times and 2.6 times more likely to occur, compared to altitude up to 1700 masl.
The risk of P. falciparum was significantly higher among male and children in the age
range ten to fourteen years, when the effects of distance from the GGHD and altitude
controlled (Table 5).
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Table 5 Influence of proximity to a dam and altitude on P. falciparum malaria in
GGHD site, Jimma zone, southwest Ethiopia September 2003 to August 2011

Variables Categories IRR S.E. 95% C.I.
Lower Upper

<1km (1% 1
Buffer zones rela-  buffer)
tive to GGHD 1-1.99 km (2" 3.82 0.07 3.68 3.96

buffer)
2-2.99 km (3" 5.10 0.12 4.88 5.34
buffer)
3-3.99 km (4" 3.73 0.10 3.53 3.93
buffer)
4-4.99 km (5" 2.97 0.13 2.72 3.24
buffer)
>5 km (6™ buff- 1.04 0.15 0.78 1.37
er)
Altitude in meters <1700 1
1701-1800 0.03 0.01 0.02 0.04
1801-1900 0.93 0.17 0.65 1.33
1901-2000 161 0.30 1.12 2.31
2001-2100 2.51 0.47 1.74 3.63
>2101 264 0.50 1.82 3.82
Age (year) <5 1
5-9 1.05 0.04 0.98 1.12
10-14 1.10 0.04 1.03 1.17
15+ 1.04 0.03 0.99 1.10
Sex Male 1
Female 0.96 0.01 0.93 0.99

On the other hand, with distance increment from the GGHD, the occurrence of P. vivax
increases significantly keeping the effects of altitude, age and gender constant. The P.
vivax malaria occurrence in the 2nd, 3rd, 4™, 5" and 6" buffer zones were 9.8 times,
13.6 times, 11.9 times, 52.0 times and 68.8 times more likely to occur compared to the
occurrence of P. vivax within one kilometer radius of the GGHD.

However, increasing altitude was negatively and significantly associated with the occur-
rence of P. vivax malaria. The decrement of P. vivax with altitude was insignificant and
the reduction of P. vivax in the altitudinal range of 1701-1800, 1801-1900, 1901-2000,
2001-2100 and above 2100 masl was 98.5%, 56.4%, 36.0%, 49.1% and 46.1% respec-
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tively compared to the altitude up to 1700 masl. The risk of P. vivax exhibited decrement
significantly as age increases and the risk was higher in female than males, when the
effects of distance from the GGHD, age and altitude controlled (Table 6).

Table 6 Influence of proximity to a dam and altitude on P. vivax malaria in GGHD
site, Jimma zone, southwest Ethiopia, September 2003 to August 2011

Variables Categories IRR S.E. 95% C.I.
Lower Upper
<1 km (1™ buffer) 1
Buffer 1-1.99 km (2™ buffer) 9.82 0.32 9.22 10.47
zones rel-  2-2.99 km (3" buffer) 13.56 0.50 12.61 14.58
ative to 3-3.99 km (4" buffer) 11.94 0.49 11.02 12.93
GGHD 4-4.99 km (5™ buffer) 52.00 2.10 48.03 56.29
>5 km (6" buffer) 68.72 3.46 62.26 75.85
< 1700 m 1
1701-1800 0.02 0.001 0.02 0.01
Altitude 1801-1900 0.44 0.03 0.38 0.50
in meters  1901-2000 0.64 0.05 0.55 0.75
2001-2100 0.51 0.06 0.41 0.64
>2100 m 0.54 0.06 0.43 0.68
Age <5 1
(years) 5-9 0.91 0.04 0.83 0.99
10-14 0.84 0.04 0.78 0.92
15 + 0.89 0.03 0.83 0.95
Sex Male 1
Female 1.04 0.02 1.00 1.09

Overall, there was reduction of about 70 % and 60% of malaria episodes in the years
2004/5 and 2005/6 respectively, compared to that of 2003/4. However, since 2006/7 in-
crement of malaria episodes was evident up to 2010. In 2006/7, the malaria episode in-
creased by about 50% compared to 2003/4. In the following three years, the increment of
malaria episodes was 2.3 times, 2.9 times and 4.1 times more likely higher in the years
2008/9, 2009/10 and 2011 compared to the observed episodes of malaria in the year
2003/4. In the year 2011, the malaria episodes showed reduction of 14%, which was sta-

tistically insignificant.
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On average, P. vivax was 54% lower than P. falciparum over the study period. The rate

of P. vivax increments were 130% and 40% in the years 2004/5 and 2005/6 respectively

compared to P. falciparum episodes of those years. In the years 2006/7, 2007/8 and

2010/2011 there were 60% P. vivax rate increments compared to P. falciparum during the

same time. On the other hand, in the years 2008/9 and 2009/10, there were reductions of

P. vivax episodes rate by 10% and 16% respectively, though the reduction was insignifi-

cant in 2008/9 (Table 7).

Table 7 Temporal pattern of malaria in GGHD site, Jimma zone, southwest Ethio-
pia, September 2003 to August 2011

Plasmodium species Year IRR Std. (95% C. 1.)
Err.
2003/4 1
2004/5 0.30 0.02 0.27 0.34
2005/6 0.40 0.02 0.36 0.44
All positive 2006/7 1.15 0.04 1.07 1.24
2007/8 2.26 0.08 2.11 2.41
2008/9 2.87 0.09 3.00 3.06
2009/10 4.08 0.13 3.84 4.34
2010/11 0.96 0.04 0.89 1.04
P. vivax in reference During the 1
to P. falciparum whole period 0.48 0.02 0.43 0.52
2003/4 1
2004/5 2.30 0.20 1.95 2.72
2005/6 1.41 0.12 1.19 1.67
Species 2006/7 1.57 0.10 1.39 1.78
interaction 2007/8 1.59 0.09 1.42 1.77
2008/9 0.90 0.05 0.80 1.00
2009/10 0.84 0.05 0.76 0.94
2010/11 1.61 0.10 1.42 1.83
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4.3. Correlation of climate variability and malaria: a retrospective

comparative study, Jimma zone Southwest Ethiopia

A total of 99,206 confirmed malaria cases were recorded over eight years (September
2003 to August 2011) period in the study sites. More than two-third (71.8) of the cases
was from control site and 28.2% of them were from Gilgel-Gibe (GGHD) site. In spite of
inter annual variations, proportion of P falciparum slightly increased over time in GGHD.
However, the P. falciparum proportion significantly decreased relative to the Plasmodium
vivax in the control sites. Figure 9 shows the relationship between mean monthly rainfall
and confirmed malaria prevalence over the eight years. The rainfall pattern in the GGHD
site showed several rises that lasted for short durations, whereas that of the control area
exhibited a gradual rise and relatively minimal variations. At the GGHD site, the major

peaks of malaria prevalence observed following the peaks of rainfall.

In the control site, the peaks of malaria prevalence in some years just coincided with the
peaks of rainfall and the pattern of rainfall was relatively less fluctuated and almost con-
tinuous in quarters of the year. Between December 2007 and March 2008, rainfall
reached highest peak and the major malaria prevalence peak noticed after the rainfall
peak. It is evident from the linear trend line that malaria prevalence increased more in the
GGHD site than in the control site irrespective of the higher malaria prevalence observed

in the control site over the whole time period considered (Fig 9).
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Figure 9 Malaria prevalence and monthly mean rainfall by quarter and year, Jimma zone, Southwest Ethiopia,

September 2003-August 2011
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Monthly mean rainfall and number of monthly malaria cases showed negative correlation at 1 month

lag, but positive correlation at lags of 2 to 4 months. The correlation increased as number of lags in-

creased up to the fourth month although the positive correlation of rainfall with the number of malaria

was insignificant at all the lags. Monthly mean relative humidity showed positive correlation with

number of malaria up to 4 months and the strength of correlation increased as the number of lags in-

creased. There was significant correlations at lags of 3 (P = 0.02) and 4 (P = 0.03) months. Monthly

mean maximum temperature and the number of malaria cases showed negative, but insignificant cor-

relation up to 4 months lags. Again, monthly mean minimum temperature exhibited a negative corre-

lation with number of malaria cases up to lags of 2 months but positive correlation at lags of 3 and 4

months. The correlation was of the incremental nature with number of lag months; however, the cor-

relation was weak and insignificant (Table 8).

Table 8 Correlation between average monthly malaria cases and mean monthly

climate variables by study sites, Jimma zone, Southwest Ethiopia, September 2003-August

2011
Monthly mean Climate variables Lag-months Gilgel-Gibe Control Overall
r r r

0 Month 0.0060 -0.1959 -0.076

Rainfall 1 Month 0.1278 -0.1473  -0.003

2 Months 0.3589 -0.1495  0.065

3 Months 0.3270 -0.0806  0.078

4 Months 0.2304 0.0494  0.108

0 Month 0.0133 -0.2154  0.006

Relative humidity 1 Month 0.1591 -0.1099 0.086
2 Months 0.4182 -0.0381  0.133

3 Months 0.2820 0.0789 0.171

4 Months 0.2174 0.1184  0.157

0 Month -0.0983 0.1723 -0.020

Maximum 1 Month -0.2044 0.0966 -0.072
temperature 2 Months -0.2350 0.0203 -0.136

3 Months -0.2233 -0.0894 -0.130

4 Months -0.1874 -0.1099 -0.116

0 Month -0.261 -0.1108 -0.123

Minimum 1 Month -0.0808 -0.0611  -0.052
temperature 2 Months 0.0191 -0.0535 -0.031

3 Months 0.1135 0.0441  0.001

4 Months 0.1676 0.1027  0.039
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4.4. Predictors of Long-Lasting Insecticide Treated Bed Nets Ownership and

Utilization

A total of 2,373 (100%) individuals responded to the household survey. Half of them (1,187) were
from Gilgel-Gibe (GGHD) and the other half (1,186) were from the control villages corresponding to
5,946 (49.8%) and 5,984 (50.2%) household members resided in the two study sites respectively
having similar sex compositions. As indicated in table 10 (page 65), majority of the heads of house-
holds were married in both sites (86.5% GGHD vs 88.8% control); close to nine percent of household

heads reported from both study sites that they were widowed and about one percent were divorced.

About three-fourth of the heads of households (77.4% GGHD and 73.4% controls) did not have any
formal education. Those attended elementary (grades 1-8) constituted 11.5% and 17.2% from GGHD
and control sites respectively. Those heads of households who attended grade nine or above constitut-
ed below three percent of the respondents in both study sites. With regard to occupational status, most
of them were farmers (65.3% of the GGHD and 89.2% of the control). Concerning accessibility to
health facilities in terms of distance, the control population seems better as all of them reported to be
within an estimated distance of 2 kilometers of the health facilities in contrast to the GGHD HHs of

which 19.2% reported to live more than two kilometers away from health facilities.

There was a similarity with regard to accessibility to vehicle transportation where about two-third
(60.4% GGHD and 62.2% control) of the study populations reported to be inaccessible to all-weather
roads to reach health facilities. The average age of household members was about 21 years for both
populations. Significant differences were not seen between the two populations regarding household
size, average age of the populations, perceived monthly expenditure, number of farm animals owned,
and amount of grain produced in one year preceding the survey. However, differences were observed
pertaining to age of household heads where that of GGHD was higher by about two years; regarding
to reported monthly income and relative wealth index, the control population responded to have been

better off (Table 1 of paper four).
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The overall ownership of LLINS among the study populations was 56.6% (66.3% of GGHD & 46.8%
of control) whereas 43.4% (33.7% of GGHD & 53.2% of control) of them reported that they didn’t
have any net. Higher proportion of the households from GGHD site reported to have at least one
LLIN compared to control villages (OR =2. 2, P <0.001) (Table 11). Concerning the number of
LLINS owned, more households from GGHD reported to have only one LLINS than two or more in
contrast to the control households (OR = 2.1, P < 0.001) and close to two-third of the GGHD house-
holds got the LLINS by paying, whether subsidized or not, unlike the control households where half
of them obtained the LLINS freely (OR = 0.63, P <0.001).

The mean number of LLINS owned by GGHD and control households were 1.6 and 1.8 respectively
with a mean difference of -0.26 (95% CI = - 0.34, -0.19; SE = 0.04). But, less respondents from
GGHD replied that they had perceivably sufficient LLINS for their family members compared to con-
trol villages (OR = 0.24, P <0.001); however, less number of the GGHD respondents reported inten-
tion to have additional LLINS in the future compared to respondents from control village (OR = 0.61)

though the difference was not statistically significant (P = 0.22).

Unlike their previous experience, majority (95.7%) of the GGHD respondents were expecting to re-
ceive LLINS for free, whereas three-fourth of the control respondents reported that they hope to ob-
tain free LLINS to suffice the LLINS need of their family members in the future. Only a small pro-
portion (4.2% of GGHD & 23.3% of control) of them had intention to buy LLINS to suffice their
families. The average suggested cost of LLINS was 17.0 Birr (= $ 0.9) with median 10.0 Birr (lower
& upper quartiles were 6.0 & 20.0 respectively).

The reported utilization rate of LLINS was better among the control households than that of GGHD
households. Of those households who had at least one LLIN, more respondents from GGHD reported
that at least a person from their family members didn’t use LLINS compared to control population
(OR=2.8, P <0.001). Similarly, the GGHD residents were twice less likely (OR = 0.48, P < 0.001) to
have had slept under LLINS in previous night and less than five times likely (OR = 0.19, P < 0.001)
to have had slept under LLINS in the last month preceding the survey compared to respondents from
control site (Table 9).
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Table 9 Comparison of Ownership and Utilization of Long-lasting insecticidal net between

Gilgel-Gibe and control villages, Southwest Ethiopia, November 2012

Long lasting insecticidal Gilgel-Gibe Control vil- OR (95% CI)
nets (LLINS) villages lages
N % N %
Ownership of LLINs Yes 787 66.3 555 46.8
(at least one) No 400 337 631 532 2.2 (1.9-2.6)*

Number of LLINs owned  Qpe 418 352 194 16.4 2.1(1.9-3.8)*

>Two 369 311 361 304

Source of LLINs Free 307 39.0 279 503 0.63(0.51-0.79)*
Bought 480 61.0 276 49.7

Used last night (those who Yes 760 60.1 778 76.1

> _ *
had > 1) No 505 39.0 245 239 0.47 (0.39-0.57)
Used last Month Yes 759 60.0 910 89.0
(those who had > 1) No 0.19 (0.15-0.23)*

506 40.0 113 11.0

Any one from the family Yes 454 57.7 182 328

member who didn’t use No
LLINSs 333 423 373 67.2

Sufficient of LLINs for the Yes 329 418 415 7438
family members (those who g 458 582 140 252

2.8 (2.2- 3.5)*

0.24 (0.19-0.31),

have > 1)
Intention to have LLINs in  Yes 841 979 762 98.7 0.61(0.28,1.3)*
the future No 18 21 10 13

1.6 (0.2-13)
Mechanisms of having Bought % 42 118 233
LLINs Free 11.2 (1.4 — 89.5)*

805 95.7 577 75.6

* & ** indicate significances at 0.05 & 0.001 respectively

Factors associated with number of LLINs owned were also assessed using multinomial logistic re-
gression. Variables like gender, educational status, and occupational status of household heads did

not show a significant association with ownership of LLINS. On the other hand, variables such as age
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of household heads, household relative wealth index (RWI), distance to nearest health facilities and
accessibility to transportation (all weather roads) showed a significant association with the ownership
of the LLINs. The chance of having LLINs was positively associated with age of household heads.
Particularly, the probability of having two or more LLINs was positively related to age of the house-
hold heads. Those households with heads aged 60 or above years were nearly twice more likely to
have one LLIN and more than three-folds likely to have two or more LLINs compared to families

with less than 30 years heads of households.

Families with heads of households who were together with their spouses were closely twice more
likely to have two or more LLINs than those families whose heads were single, widowed or separat-
ed. Household relative wealth index didn’t show chance difference of having one LLIN among the
households of different wealth index quantile categories. On the other hand, the probability of having
two or more LLINs was found to be directly associated with the household wealth indices. Those
households in the fifth quantile category were 3.3 and 1.7 times more likely to have two or more

LLINs compared to those households in the first and second quantile categories respectively.

Households within one kilometer distance to nearest heath facilities were 12 times more likely to
have one LLIN and 45 times to have two or more LLINs compared to those households beyond two
kilometers from health facilities. Again, those households found between distances of one to two Kil-
ometers were seven times more likely to have one LLIN and nearly 12 times to have two or more
LLINs compared to those households beyond two kilometers from health services. Similarly, those
families who had reportedly accessibility to transportation were 1.5 times more likely to have one
LLIN and twice more likely to have two or more LLINs as compared to those families who did not

have access to transportation (Table 10).
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Table 10 Factors associated with number of long lasting insecticide-treated bed nets owned,
South-west Ethiopia, November 2012

Variables Variables Owned Owned Owned
Categories Total >1LLINs One LLIN >2 LLINS
No (%) N (%) AOR (95% Cl)  AOR (95% CI)  AOR (95% CI)
<30years  356(15.0) 165(46.3) 0.4(0.3,0.6)**  0.6(0.4,0.9)*  0.3(0.2, 0.4)**
30-39 years 710 (29.9) 401 (56.5) 0.7 (0.5, 0.9)** 0.8(0.6, 1.2) 0.6 (0.4, 0.9)**
ﬁgs dOSfHH 40-49 years 548 (23.1) 306 (55.8) 0.7 (05,0.9*  07(0510) 0.7 (0.5 0.98)*
50-59 years 358 (15.1) 218 (60.9)  0.8(0.8,1.5) 0.9 (0.5, 1.3) 0.8 (0.6, 1.1)
> 60 years 401(16.9) 252 (62.8) 1 1 1
Married 2080 (87.7) 1186 (57.0)  1.3(0.9,1.9) 1.0 (0.8,1.5) 1.7 (1.1, 2.5)*
Mantal h';’;e'” Mar- 293 (12.3) 156 (53.2) 1 1 1
Poorest 475 (20.4) 241 (50.7)  0.5(0.4,0.7)** 0.8 (0.5, 1.1) 0.3 (0.2, 0.3)**
HHRWI  poor 461(19.8) 256 (55.5)  0.7(0.5, 0.99)* 1.0 (0.7, 1.5) 0.6 (0.4,0.8)**
Middle 466 (20.0) 275(59.0)  0.9(0.7,1.2) 1.1(0.8,1.7) 0.8 (0.6,1.1)
Lesspoor 455 (19.5) 273(60.0)  0.9(0.7,1.2) 1.0 (0.7, 1.5) 0.8 (0.6, 1.1)
Least poor 472 (20.3) 268 (56.8) 1 1. 1
Distance to < 1 km 1655 (69.7) 1051 (63.5) 21.9 (14.9, 32.2 )** 12.4 (8.0,19.2)** 45.1 (24.8, 82.1)**
the health 1.2 km 490 (20.6) 244 (49.2) 85(5.7,12.7)** 7.0 (4.4,11.0)** 11.8 (6.3, 21.9)**
institution o 5 228 (9.6) 47 (20.6) 1 1 1
Accessible  Yes 918 (38.7) 621 (67.6) 2.1(1.8, 2.5)** 1.5(0.8, 1.3) 2.1(1.6, 2.6)**
to transport Ng 1455 (61.3) 721 (49.6) 1 1 1
Residence GGHD area 1187 (50.0) 787(66.3) 1.8(15,2.2**  7.0(55,9)**  4.3(3.4,5.5)**
Control area 1186 (50.0) 555 (46.8) 1 1. 1.
<3 638 (26.9) 338(53.0) 0.99(0.7,1.3)  3.4(23,50)**  0.3(0.2,0.5)**
HHsize 4.6 1122 (47.3) 654 (58.3) 1.1(0.9, 1.4 2.1(1.5, 3.0)** 0.9 (0.7, 11)
>7 613 (25.8) 350 (57.1) 1 1 1

* & ** indicate significances at 0.05 & 0.001 respectively

Residents of GGHD reported to have 7 times and four times more likely to have one LLIN and two or

more LLINSs respectively than control residents. Finally, household size was found to be a predictor

of the number of LLINs owned. Households with three or less members were more than 3 times

more likely to have one LLIN but 70% less likely to have two or more LLINs. Households having

family members from four to six were twice more likely to have one LLIN compared to those house-
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holds with seven or more family members; however, there was a significant difference of having two

or more LLINs between them (Table 10 above).

Regarding utilization of LLINS, factors such as gender, educational and occupational status of house-
hold heads were not related to utilization of LLINs. On the other hand, age, marital status of house-
hold heads, relative wealth index, and distance to nearest health facilities, accessibility to transport
and residence and household size were significantly associated with the utilization of LLINs. As age
of household heads increased, utilization of LLINs showed steady decline. Households with heads
less than 30 years and those with household heads of age range from 30 to 49 years reported to have
used LLINSs; respectively, more than three times and about twice likely compared to those households
with 60 years or older household heads. However, a significant difference was not seen between

households with household heads age 50 years and above.

Households who were in marriage reported more than three times utilization of LLINS compared to
households whose heads were widowed, divorced or separated. Household relative wealth index was
found to be an influential predictor of utilization of LLINS. Wealthy households reported more utili-
zation of LLINs. Those wealthiest families were more than three times more likely to have used
LLINS than very poor and poor families. Again, the least poor households were 2.5 and 1.7 times
more likely to report LLINS utilization compared to those in the middle and less poor families re-

spectively.

Households within one kilometer radius of health facilities were 17.5 times and those within one to
two kilometers away from health facilities 6.7 times more likely to use reportedly LLINS. On the
other hand, households in the control villages were twice more likely use LLINS compared to house-
holds around Gilgel-Gibe Dam. Another influential predictor was household size where those house-
holds with three or less members reported more utilization of LLINS compared to households with

large family sizes (Table 11).
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Table 11 Factors associated with Long-lasting insecticide treated bed net Utilization Jimma
zone, Southwest Ethiopia, November 2012

Variable Categories Used AOR
LLINSs (95% CI)
N (%)
<30 yrs 148 (69.8) 3.5(1.6, 7.6)**
30-39 yrs 461 (69.5) 2.1 (1.3, 3.6)**
Age head of 40 -49 yrs 403 (69.5) 1.8 (1.1, 3.0)*
household 50 - 59 yrs 253 (64.9) 1.4 (0.8, 2.4)
> 60 yrs 255 (63.0) 1
Gender of house- Male 1313 (68.5) 1.1 (0.9, 1.5)
hold head Female 207 (62.3) 1
Marital status of ~ Married 1384 (67.9) 3.6 (1.0, 12.4)*
household head Not in marriage 133 (64.3) 1
None 1126 (67.7) 1 (0.5, 2.0)
Read and write 148 (72.9) 1.2 (0.6, 2.7)
Educational sta-  Elementary (1.4) 128 (60.7) 0.6 (0.3,1.2)
tus of household  Elementary (5-8) 75 (64.7) 0.6 (0.3,1.5)
head Grade > 9 40 (76.9) 1
Farmer 893 (49.0) 0.5(0.2,1)
Occupational sta- Housewife 319 (84.4) 0.6 (0.3,1.2)
tus of household  Daily laborer 12 (46.2) 0.8(0.3,2.4)
head Others * 41 (67.2) 1
Very poor 182 (55.6) 0.3 (0.2, 0.6)**
Poor 255 (63.3) 0.3(0.2,0.5)**
RWI1 of house- Middle 310 (67.5) 0.4 (0.3,0.7)**
hold Less poor 345 (70.7) 0.6 (0.4, 0.9)
Least poor 395 75.7 1
Distance to <1km 942 (50.9) 14.3 (7.7, 26.8)**
health facilities 1to 2 km 260 (69.1) 6.2 (3.2, 11.8)**
2 km 63 (100) 1
Access to Yes 637 (57.2) 0.3(0.21, 0.33)**
transport No 880 (77.8) 1
Gilgel-Gibe Villages 742 (60.3) 0.5(0.3,0.7)**
Residence Control Villages 778 (76.3)
1-3 members 288 (69.4) 1.7 (1.2, 2.3)**
HH size 4-6 members 721 (66.3) 1.1(0.9,1.4)
7 & above 511 (68.5) 1

! Others include: government employees (1.1%), merchants (0.8%), self employed (0.7%) & students (0.3%);
* & ** indicate significances at 0.05 & 0.001 respectively.



4.5. Prevalence of malaria in the Community where District-based Model and

Community-based Model Indoor Residual Sprays applied

A total of 2269 individuals were included in the blood survey. Overall, there were 17 (0.7%) positive
cases of malaria identified from the total 2269 tested individuals. Malaria prevalence was 7.0 per
1000 population in the surveyed population with 0.7% & and 0.8% among males and females respec-
tively. The positivity rate was similar across age groups although the prevalence seemed higher
(1.2%) among children less than five years of age and yet, the difference was not statistically signifi-

cant.

All of the malaria positive individuals were from Gilgel-Gibe site where the District-based IRS model
was implemented, implying the actual prevalence was 1.7% (17/1012) among the GG residents. Re-
garding the proportion of Plasmodium species composition, P. falciparum constituted 58.8%, P. vivax
was 41.2 and only a case was positive for both P. falciparum and P. vivax. Malaria case was not
found in the economically least poor households in the studied villages, even though malaria preva-
lence did show neither increasing nor decreasing patterns among other categories of relative wealth
index of the households (Table 12).
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Table 12 Distribution of blood film results by characteristics of participants, Jimma zone
Southwest Ethiopia, November 2012

All positive P. falcipa-

Variables Negative P. vivax rum
N % N % N % N 9% Total
<5yrs 318 988 4 12 1 03 3* 09 322
5-9 yrs 479 994 3 06 2 04 1 02 48
Age 10-14 337 997 1 03 1 03 0 00 338
>[5 yrs 1118 992 9 08 3 03 6 05 1127
Total 2252 993 17 07 7 03 10* 05 2269
Male 1091 993 8 07 3 03 5 05 1099
Sex Female 1161 992 9 08 4 03 5% 04 1170
Total 2252 993 17 07 7 03 10 05 2269
Residence: < Km 449 987 6 13 4 09 2 04 455
> Km 696 984 11 16 3 04 8 11 707
Total 2252 993 17 07 7 03 9 04 2269
Insecticide ~ BC* 995 983 17 17 7 07 10 10 1012
used for  pm = 1257 100 - - - - - - 1257
IRS Total 2252 993 17 07 7 03 10 05 2269
DB 995 983 17 17 7 07 10~ 09 1012
Mode of CB 1257 100 - - - - - - 1257
IRS Total 2252 993 17 07 7 03 10 05 2269
HHRWI Verypoor 286 986 4 14 3 03 1 03 290
Poor 201 990 3 10 1 07 2 07 294
Middle 355 994 2 06 1 03 1 03 357
Lesspoor 344 977 8 23 2 17 6 17 352
Least poor 369 100. - - - - - - 369
Total 1645 990 17 10 7 04 10 0.6 1662

* BC = Bendiocarb; DM = deltamethrin; CB = Community-base model; DB = District-based model;
HH = household; P. falciparum = Plasmodium falciparum; P. vivax = Plasmodium vivax; RWI =

relative wealth index
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5. Discussions

5.1.  Analysis of Trend of Malaria Prevalence in Southwest Ethiopia:

This retrospective health facility based study assessed the trend of malaria over a period of eight years
along climatic variables. The essence of the trend analysis was to estimate and compare the preva-
lence of malaria, identify possible shift of Plasmodium species compositions over time in the two lo-
calities using data of the local health facilities. The study considered only key individual characteris-
tics (age and sex), date of diagnosis, diagnosis outcome and address of the cases in an attempt to min-
imize the usual limitations of secondary data such as incompleteness of information. Moreover, as the
study dealt with a relatively large set of data, so that the appearance of findings due to chance is ex-
pected to be minimized. Thus, the retrospective health facility-based study is believed to have pre-
sented the distribution of malaria over a period of eight years by person, place, time, and composition

of Plasmodium species.

Irrespective of the scaling-up of long-lasting insecticide-treated bed nets (LLINS) distribution since
2005 (80), the steadily increased number of cases from 2006 to 2008 might be due to resistance de-
velopment by malaria vector mosquitoes to DDT and Malathion that had been in use for IRS for
about half a century until malaria vector resistance to DDT was detected in 2007 (87, 206, 207) .
The increment of malaria cases in GGHD site was still by far below that of the control site despite the
earlier report of a study (132), which indicated higher risk of malaria infection among children who
lived within three kilometer radius of the GGHD compared to those children lived eight to ten kilo-
meters away from the dam. However, a more recent report of longitudinal study of the same area
showed that there was no significant malaria risk difference between children who lived in villages
near the dam and those who lived away from it and malaria was reported to be highly seasonal driven
in the area (116). This implies that s malaria risk due to the dam construction was not significantly

evident over the long period as far as interventions are in place like other malarious areas.

On the other hand, the sharp decline of the number of malaria cases after 2009 in the study sites
could possibly be due to the replacement of old LLINs in 2009, followed by shifting of insecticide
used for IRS in 2010 to deltamethrin or bendiocarb insecticides (87). The coincidence of interven-

tions and drastic drop of malaria is in line with report of other studies (47, 81, 161, 208-211), which
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revealed also resurgences of the disease following delayed or interrupted interventions. This
strengths the need for the effective combined intervention methods using IRS with potent insecticides
and LLINs as evidenced by different studies (174, 212, 213), as well as the need for close monitoring
the possible insecticide resistance of mosquitoes.

The current study shows that slightly more males were affected than females. This finding is similar
to other findings (178, 214-220), but this is different from a study done in Nigeria that reported more
infection among females and similar susceptibility in all age groups (221). However, the prevalence
of malaria in the children less than fifteen years old was by far higher than reported by another study
(222). The fact that children aged from ten to fourteen years were more affected than those below ten
years suggests not susceptibility difference but exposure difference, which is in agreement with find-
ing of a local study that old age children were found to be disadvantaged ones among family mem-
bers in the use of LLINs (223-225). Similarly, other studies reported more infections among children
(33, 226-228) than older age groups, but other studies reported more susceptibility in adult age groups
(216, 229-232). The latter might be due to other factors, such as migrations, living and working con-
ditions (233, 234) that exposes adults for more infections.

On the other hand, reporting by absolute number or proportion of cases can also mislead to improper
interpretation and conclusion unless the denominator of each age category is considered. For instance,
in the current finding (Table 2) shows that the proportion of adult cases is higher by many folds than
that of children; however, consideration of prevalence (Figure 6), which takes into account respective
denominators, points out that the children were actually the most affected ones. This implies the need
to consider appropriate denominators while analyzing the extent of malaria burden among different
segments of a population.

The findings of this study is in agreement with other studies (235, 236) that the prevalence of P. fal-
ciparum showed more pronounced seasonal fluctuations, whereas P. vivax exhibited less variability
with season in the GGHD site, possibly due to the relapse nature of the disease (237-239) that main-
tains the chain of the transmission resulting in less season variations in its trend. Another study re-

ported also differential distribution of the two species by seasons (240). However, in another study
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(230), P vivax showed more variability compared to P. falciparum, although there has been similarity
in the overall dominance of the P. falciparum, which has also been indicated by other studies as well
(241-243) but, another study (244) reported that both species showed significantly variable distribu-
tion during different seasons. In the control site , the seasonal patterns of P. falciparum and P. vivax
were more or less similar, except during major peak malaria transmission seasons, which occurs in

the form of epidemics.

Regarding to secular patterns, the continuous decline of P. falciparum proportion observed in the
control area, where the proportion was generally similar over time in the GGHD site, is different from
the another previous local study (45) which reported significant rise of the P. falciparum proportion
and decrease of P vivax proportion. But, it is similar with another study which reported area specific
shift from a preponderance of P. falciparum to P. vivax and vice versa (38). The proportion of P. vi-
vax malaria in the control site constantly increased in relation to P. falciparum over the study period,
which might have contributed to the higher level of malaria prevalence in the control site. This is
consistent with other studies that transmission of malaria due to P. vivax become higher and changed
the epidemiology of malaria (234, 245, 246) due to its wide spread and its relapsing nature (237, 247-
252).

Overall, the proportion of P. falciparum noticed in the present was less than the report of some previ-
ous local studies (80, 178, 253); however, it was similar with the findings of health facility-based
studies in Ethiopia (150, 254). Yet, the proportion of P. falciparum was higher by far than findings of
community-based surveys (150, 213, 246). This could be due to the fact that in the community based
studies, less severe cases who usually don’t seek out actively medical care and asymptomatic cases of
P. vivax (255) can be identified when apparently healthy individuals are screened at community level
compared to the more acute and visible infection P. falciparum (6, 256) which makes its proportion
lower at community level; though other studies do not support this notion (257-260). On the other
hand, proportional increment of P. vivax in the control site (Fig. 4) might be due to resistance devel-
opment of the malaria parasite to chloroquine, which had been reported from the same site (261) and
elsewhere (262, 263) in the country. However, as both species drastically decreased later, this the ac-

count due to resistance to Chloroquine needs further confirmation. Regarding the age distribution of
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the P. falciparum, the current study reveals generally similar proportion in all age in both sites which
is different from another study (260) which reported linear decline of the P. falciparum proportion as

age increased.

The current study shows that the proportion of mixed infections (SM) is less than the findings of other
studies (264-266) which reported proportion of 6.0% or above. However, another study reported
somehow less proportion of SM than the present study (267). Yet, studies which employed molecular
methods (268-272) revealed that the proportion of SM is more than what is usually reported as mi-
croscopic examination underestimates the actual proportion of the SM malaria and the overall preva-
lence of total infections as well. Similar to another study (273), there was no difference in distribution
of the proportion of the MS among different age groups in this study. This condition has practical im-
plications in light of the proper treatment of cases and effective control of the disease (274) where P.

falciparum and P. vivax are endemic.

In this study, the use of secondary data might have underestimated the extent of the malaria burden in
both sites. However, this condition would not introduce systematic bias in the analysis and compari-
son of trends of malaria prevalence, as both sites might have a similar chance of missing/capturing
malaria records. Again, malaria treatment in government health care services is for free in Ethiopia,
so that most of the malaria cases, if not all, are expected to be more attracted to local government
health care services than to private health institutions, which are on payment basis. Therefore, this

study is believed to have reflected the true picture of malaria burden and its trend in the study sites.
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5.2. Dynamics of P. falciparum and P. vivax in a Micro-Ecological Setting, South-

west Ethiopia: Effects of Altitude and Proximity to a Dam

Majority of P. falciparum malaria occurs nearer to the Dam, within two kilometer radius of GGHD
and shows increment with distance from the Dam. The finding is in contrast to previous local studies
(129, 148, 275), though those findings were not reported in terms of Plasmodium species composi-
tion. Moreover, the possible reason could be due to the underlying population density, which has
been considered in the present study as an offset variable whereas in the other findings information
on the underlying population density has been hardly articulated. The spatial variation in the occur-
rence of P. falciparum in a small geographical area was congruent with other findings (33, 54, 126,
276). However, the present finding is in contrast to previous local findings where the risk difference
for P. falciparum between children who used to live within three kilometers of GGHD and beyond
eight kilometers was insignificant (116, 132). Again, another study reported that distance to water

bodies was not significantly associated with prevalence of P. falciparum malaria (115).

The underlying reason for the exhibited P. falciparum malaria increment with altitude above 1900
mas| could be due to the up scrolling of malaria to highland areas possibly because of change in cli-
mate variables as had already been evidenced elsewhere (229, 277). The fact that P. falciparum oc-
curs in the area mainly for short period of time following heavy rainfall from September to November
usually in the form of epidemics (278) might have played a role in increasing the number of cases
with the altitude as more susceptible individuals are exposed to the infection for relatively shorter du-

ration due to the wave of epidemics.

On the other hand, the observed decline of P. vivax malaria episodes as altitude increased is similar
to another finding (246) . The proportional increment of P. vivax malaria episodes with distance from
the Dam is in agreement with a previous local finding which indicated that, unlike P. falciparum ma-
laria, more P. vivax malaria among distant community compared to those close to a large dam (56);
however, the underlying rationale is not clear and needs further explorations as the P. vivax has been
given less attention and under studied (279) in spite of the fact that it poses potential severe health
impact (135, 280-282).
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As to the trend of the disease, the significant rise of P. falciparum malaria from 2006/7 to 2009/10 in
reference to 2003/4 could possibly be due to resistance development by malaria vector mosquitoes to
insecticides that had been in use for indoor residual spraying (IRS) in the country for about half of a
century until vector resistance to DDT was detected in 2007 (87, 206, 207). On the other hand, the
decline of P. falciparum malaria episodes in 2004/5 and 2005/6 might also be attributed to the scale
up of interventions, including LLINS (80, 283), following the large scale malaria epidemics of 2003
(284, 285), implying the need for monitoring of major malaria intervention tools such as IRS &
LLINS.

The apparent decline of P. falciparum malaria episodes after 2010 might have been due to the re-
placement of old LLINS in 2009, and shifting of insecticide used for IRS in 2010 to deltamethrin or
bendiocarb insecticides (87), such coincidence of interventions followed by a sharp drop of malaria
episodes as had also been reported by many other findings (47, 161, 208-210, 286) whereas weak-
ened interventions and development of resistances of the vector to insecticides and the parasite to
drugs have been documented to be associated with the resurgence of the diseases (287).

On the other hand, the sharp drop of malaria after major epidemic might be due to resistance to the
disease induced by the epidemic itself as large proportion of the population are exposed to infection
simultaneously which can induce herd immunity at least for short period of time. This needs further
exploration to get insight into the resistance level of a community because of exposure to large scale

of malaria epidemic.
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5.3. Correlation of Climate Variability and Malaria: a Retrospective Compara-

tive Study, Southwest Ethiopia

This study examined also the correlation between three major climatic variables, which are known to
affect the dynamics of malaria (rainfall, relative humidity and temperature) (9, 60, 139, 186), and
both monthly number of all types of confirmed malaria episodes as well as P. falciparum malaria.
Although the GGHD site is situated at slightly lower altitude range, both sites are found within ma-
laria risk altitude ranges (132, 254), the number of malaria cases was higher in the control site possi-
bly due to plenty of rainfall over the period considered compared to the GGHD site. The correlation
of persistent malaria transmission with such continuous higher level of rainfall is in agreement with
prediction model of malaria transmission in Africa (31, 288). However, it is inconsistence with find-

ing of a local study that reported risk of malaria was found to be higher at lower altitude (289).

The overall observed positive correlations between number of malaria episodes and rainfall in the
current study, is similar with the estimated epidemic prediction of 2 to 4 months after rainfall in East
Africa (290). However, when separately analyzed by study sites, both rainfall and relative humidity
were positively correlated with prevalence of malaria in the GGHD, whereas negative correlation was
observed in the control site up to three-month lag for rainfall, two-months lag for relative humidity.
Such negative correlation of temperature and occurrence of malaria cases was reported by another
study as well (291).

The site specific correlation of malaria prevalence and climate variables at different time lags in dif-
ferent eco-epidemiological settings were also indicated by other studies (17, 197, 292, 293). On the
other hand, the absence or weak correlation of the climate variables with malaria occurrence were
highlighted by certain studies (294, 295) whereas still other studies underline the strong correlation of
climate variables with number of malaria cases (190, 296-300). The modest correlation of rainfall and
relative humidity with prevalence of malaria observed in the GGHD site is congruent to another local
study (148), which reported lags of two to three months as well. Other studies reported correlations of
shorter lags (147, 178); however, another local study indicated more time lags (197).
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Furthermore, other studies (9, 25, 145) underscored that the dynamics of malaria is determined by
multiple contributing factors, the correlation between malaria and climatic variables is not always di-
rect one and reliance on only climatic variables for prediction of malaria occurrence may not be suf-
ficient. The correlation between climate variables and malaria occurrence simply indicates the pres-
ence of a linear relationship between them; but the absence of correlation doesn’t prove the absence
of association of climate variables with occurrence malaria. In a setting where minimal variability of
temperature prevails and existing conditions are favorable for malaria, it may be difficult to distin-
guish the role of fluctuation of climatic parameters on malaria prevalence (301). Moreover, eco-
epidemiological variability and species of malaria vector difference in different settings impose addi-
tional uncertainty on the generalizability of findings to other settings. Therefore, consideration of

local specific factors is important in the battle against malaria.
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5.4. Predictors of Long-Lasting Insecticide Treated Bed Nets Ownership and

Utilization

This study tried to assess possession and utilization of LLINS of households of rural communities.
Attempts have been made also to identify associated factors that influence ownership and utilization
level of households comparing the study sites on the basis of characteristics that can possibly make
the difference. The overall coverage of LLITs among the study HHSs is similar to report of previous
local studies (302, 303). However, it is below the findings other local studies (304, 305) and the
coverage recommended by the World Health Organization (176, 306) to get an acceptable level of
protection. The ownership level in the GGHD site was relatively higher while that of the control sites
was less than the average figure indicated in the World Malaria Report of 2011 (median = 56%) (306)

from household surveys results.

Regarding the utilization of LLINS among the owing households, the control households reported
slightly higher percentage, which is almost the same with the report of study in Southern Ethiopian
(307). The mean number of LLINS owned by households and their utilization rate is similar with the
report of a previous study that covered three big regions of Ethiopia (308). The utilization of LLINS
among households who had at least one was also similar to other local findings (80, 309) and it is
within the range of findings from different African countries (162, 310-313),which were also below
the WHO recommendation of 80% utilization. However, the utilization level identified by the current

study is higher than a previous local study finding (314), which was still by far lower.

In this study, the suggested average cost of LLINS (17.0 Birr = $ 0.9) is similar to one previous find-
ing where nearly half of the study participants suggested 10 Birr for an ITN (315). This is far below
what others reported both from local (316, 317) and some African countries (99, 318, 319). The facts
that control households were more ready to buy and reported more utilization was higher than GGHD
households implying that the control households were more aware of the benefits of LLINS, possible
due to awareness created by the adverse effects of malaria (193, 320, 321), since it was more preva-

lent in the site.
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The positive correlation between HH wealth status and possession of LLINS observed in the current
study is similar to other findings where the household wealth status positively associated with owner-
ship of LLINS (322-324) as possibly the wealthiest could be accessible to information to seek and
receive or buy LLINS. The correlation between wealth index and number of LLINS owned observed
in the present study is in agreement with other studies (325-329) that inequalities were observed in
the number of ITNs owned and average number of ITNs possessed in which case the poorest were

disadvantaged.

But, it is different from findings of other studies (109, 330, 331), which failed to show difference
among socioeconomic strata with respect to possession, especially when LLINS distributed for free.
Still, other studies reported that neither SES, cost nor educational level of mothers was associated
with possession and utilization of LLINS (332, 333). Moreover, a study conducted in Gabon reported
an inverse relationship between SES and bed net utilization (334). As indicated by another study

(335), such inconsistencies might be due partially to the underlying measures of HHs wealth indices.

Unlike other findings (327, 328), factors such as gender, educational, occupational, marital status of
household heads and family size did not show significant difference both in possession and utilization
of LLINS in the present study. This is in line with a study that reported no difference between educat-
ed and non-educated mother to use ITNs (332). However, other studies (336-338) reported that the
aforementioned factors significantly associated with the possession and utilization of LLINS among
under five years children. Again, an another study (339) reported that financial inadequacies at the
household level and poor perceptions of caregivers adversely affect utilization of LLINS among the under
five years children. The current study is comparable with other studies (62, 326, 327, 340) with re-
spect to the importance of distance to nearest health services or markets (possibly due to transporta-
tion accessibility), LLINS distribution points, and residences to account for the inequalities in pos-
session and utilization of LLINS. The absence of significant association between utilization of LLINS
and occupational status of the heads of the HHSs in current study is different from the findings of a
local study (341) and another study in Nigeria (328), which reported significant correlations of occu-

pational status and educational level of HH heads with the utilization of the LLINS.
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5.5. Prevalence of malaria in the Community where District-based Model and

Community-based Model Indoor Residual Sprays Applied

Indoor residual sprays (IRS) and long-lasting insecticide-treated bed nets (LLINS) are the major ma-
laria protective measures in Africa (158, 170). In Ethiopia, DDT had been the insecticide of choice
for IRS for about half of a century. In some areas where the An. arabiensis had developed resistance
to DDT, Malathion was applied as an alternative insecticide. However, high resistance of malaria
vectors to these insecticides was detected in 2007 (87) and replaced by pyrethroids (deltamethrin) and
bendiocarb. Additionally, the Government of Ethiopia has scaled up the distribution of LLINS to are-
as where the transmission season exceeds three months (88, 342). Consequently, the number of ma-

laria cases has been significantly decreased over the past few years (174).

The present study was conducted in a high malaria transmission area, where both IRS and LLINS are
in use. The observed very low malaria prevalence might have been attributed to the combined effect
of IRS and LLINS, as there have been evidences that combined effect of IRS and LLINS in reducing
malaria morbidity is higher than the use of either alone (343, 344), even though the average number
of LLINS used by the study population was far below the recommended coverage level by the World
Health Organization (345) for such large family size community to account for the observed sharp
decrease in malaria prevalence. So, the identified low malaria prevalence in the present study is likely
attributed to the implementation of IRS two months just before this study. Besides to the modalities
of IRS implementation, the difference between the study sites might be due the fact that residents of
Kersa, where the community-based model piloted, were better off regarding household relative
wealth index and average number of LLINS owned by households as compared to villages where dis-

trict-based IRS was applied.

The positivity rate of malaria was similar across age groups although the prevalence seems higher
among children less than five years of age. This is congruent with a previous study (346) that all age
groups were similarly affected. But, it is different from the findings of other studies (227, 347, 348),
which reported higher malaria prevalence among the children. The low positivity rate (1.2%) was
similar with a community level local study (349), but lower than facility based studies. The preva-
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lence of malaria was still far below the prevalence of malaria reported by an earlier local study (194)

in under five years of age children.

The fact that the positive cases identified only in GGHD site and the number of positive cases was
very small, assessment of the true difference of the malaria prevalence and the factors affecting the
prevalence in the two sites employing appropriate statistical analyses was not possible. Yet, the find-
ing is programmatically meaningful to policy-makers and health managers when considered in the
light of the envisaged plan of minimizing malaria cases in malarious areas of the country by 2015 and
eliminating it by 2020 (350). Regarding the proportion of Plasmodium species, the present finding is
similar to Ethiopia malaria survey of 2007 (80), where the proportion of P. falciparum and P. vivax
were 70% 30% respectively; although the compositions wary slightly across age strata. However, the
present finding is conversely related to previous local study (132) on children of less than ten years of

age.

With respect to spatial distribution, the prevalence of malaria no difference was seen in villages close
to the Dam and those beyond three kilometers from the Dam. This finding is similar to one longitu-
dinal study (116) from the same area that proximity to the Dam did not show a significant associa-
tion with malaria incidence; however, other previous studies (56, 132) reported that the risk of malar-
ia incidences increased near the hydroelectric dams compared to villages three or more kilometers
away from the banks of the dams. Such discrepancy might be due to change in malaria epidemiology,
which could in turn be attributed to malaria vector breeding habitat. Methodological and temporal
differences can also account for the inconsistency of findings, where the present study is a cross-
sectional study in design and conducted in an era when preventive and control interventions have
been scaled up. Therefore, it is not possible to conclude at this stage whether the Community-based

IRS model works as the Districted-based IRS model or better.
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6. Validity and Generalizability

6.1. Internal Validity

This study employed sufficient sample size for the household and blood surveys so that the role of
chance has been controlled, thus the observed results are believed to be true. Appropriate analytical
methods and study designs were also applied to control possible confounders. Questionnaire was
translated to local language for clarity and ease of understanding of concepts; and back translated to

English language to keep its consistency.

Data collectors and supervisors were well trained on the concepts and objectives of the study as well
as technique of interviewing respondents. Blood sample collection was done by health extension
workers who had training and experience on the collection and testing of blood samples using RDTSs.
During the data collection and conducting tests, they were supervised by experienced senior laborato-
ry technologists. Additionally, all the positive tests and 10% of the negative tests were re-examined
using microscopy by the laboratory technologists and all the re-examined tests were consistent with
RDT tests. Therefore, the findings of this study are believed to be internally valid and the findings

can be surmised as an actual reflection of malaria situation in the study area.

6.2. External Generalizability

Since the study conducted in a setting, where hydroelectric dam constructed about a decade back that
inevitably creates micro-ecological changes, the current findings can supplement those limited previ-
ous findings from the same/similar settings to prompt policy-makers the distribution of malaria both
in the vicinity of the dam and another similar locality. With respect to the current expansion of hy-
droelectric dam construction in Ethiopia, the present study is believed to contribute valuable infor-
mation, not only about the present, but also it lays a baseline to support future studies in similar set-
tings to shade light on the possible adverse health outcomes as the consequence of anthropogenic im-
posed environmental modification. However, by nature malaria is usually complex and dependent up
on multifaceted factors, external generalizability depends on the similarity of the prevailing condi-
tions where and when generalization is required to be made.
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7.  Strengths and Limitations

7.1.Strengths

While assessing wide aspects of the disease, the study has made use of a large set of data accumulated
over long period of time to grasp temporal patterns, spatial distributions with respect to artificial lake

and altitudinal malaria distribution by species compositions.

The study has triangulated also different data sources, including fairly long period data of health ser-
vices based malaria episodes records, community based blood survey to evaluate prevalence of malar-
ia in the community and household survey to assess the status of current major malaria interventions.
Again, triangulation of methods were made to enhance holistic understanding of the factors that in-
fluence malaria dynamics in the areas. Main climatic variables known to affect the transmission of
malaria were incorporated into the analysis of malaria trends to identify the role of the climatic varia-
bles on malaria in the areas. In this study, major malaria interventions, including LLINS and IRS sta-
tus as well as factors affecting accessibility to the interventions were also assessed to get contextual

information.

7.2. Limitations

The use of secondary data might have underestimated the extent of the malaria burden in both sites
due to factors related malaria diagnosis limitations of the local health facilities (351) and many symp-
tomless (255, 352, 353) members of the community even do not visit health facilities at all. Lack of
uniformity in diagnosis of malaria (clinical, RDTs & microscopy) might had compromised the true
picture of the disease in the study sites, as cases were treated clinically at previous clinics before the
era of RDTs. However, this condition will not introduce systematic bias in the comparison of trends
of malaria prevalence as both sites have a similar chance of missing/capturing malaria records. Again,
malaria treatment in government health care services is free in Ethiopia. So, most of the malaria cas-
es, if not all, are expected to be attracted more likely to local government health care services, at least

for the first visit than private health facilities, which is based on payment.
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The number of available variables in the secondary data were limited. In spite of dealing with large
data set, the absence of required variables in the secondary data, such as socioeconomic and demo-
graphic factors, precluded more detail analysis of malaria predictors at household and community
levels. Another possible limitation of this study is the use of climate variables from adjacent stations
in the absence of the data directly from the study sites. In this regard, temperature and humidity data
for the control site was taken from Jimma station; and for the GGHD site, humidity data was used
from Sokoru Station. Both Jimma and So koru Stations were close to the control and the GGHD
study sites respectively; thus expected to have similar weather conditions as there is no magnified ge-
ographical difference in terms of altitude and coverage of vegetation between those stations and the

respective study sites.

In addition, imputation method was used to fill the missed humidity data of three years using the av-
erage of the respective months. This may affect the findings to a certain extent. Social desirability
bias might affect the response of LLINs utilization level, which underestimates the true utilization;
however, it doesn’t affect the comparability of the study populations. Some of the figures, such as
accessibility to facilities, income information were based on the respondents’ perceptions. Although
this condition is expected to affect the results to some extent, it has been similarly implemented for

both study sites. So, comparability of the findings are not expected to be affected.

The fact that the positivity rate of the blood survey was very low and limited only to GGHD site, lim-
ited analysis to be descriptive. Due to the very low number of positive cases, regression analysis was
not possible to rule out true difference controlling for competing factors. Therefore, as this is a one-
time study and the positivity rate was very low, it is not possible to conclude whether the Community
base IRS model works as the District base IRS model or better to control malaria.
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Conclusions

All age groups of the study population were affected by malaria similarly and slightly more
males than females experienced the disease. Malaria occurrence appeared to follow different
patterns in the study sites. More malaria was observed in the control site compared to GGHD
site. The present finding did not show evidence of excess malaria burden in the GGHD site
due to the presence of the Gilgel-Gibe Hydroelectric Dam; however, irrespective of the lower
prevalence in GGHD site, the trend of malaria prevalence of the GGHD site was more steeply

increased than that of the control site, which warrants close monitoring.

The recent fall of malaria cases coincided with malaria intervention, particularly the shift of in-
secticides used for indoor residual spray from DDT/Malathion to deltamethrin/ bendiocarb.

The P. vivax main peak transmission was during February to April and that of P. falciparum was
the reverse of P. vivax peaks. The proportion of P. falciparum malaria was higher in GGHD
site compared to the control site; whereas the proportion of P. vivax which prevailed almost

round the year and was higher in the control site.

, the distributions of P. falciparum and P. vivax were similar in spite of the fact that P. falcipa-
rum was more prevalent. Spatial distribution of the two species was different and that the ma-
jority of the P. falciparum episodes were registered to occur close to the GGHD. However,
unlike P. falciparum, the P. vivax episodes were not limited to the proximity of the Dam. Ra-

ther, P. vivax episodes were limited mainly to relatively lower altitude ranges.

Correlations of malaria and climate variables were different for the two sites; in GGHD site,
rainfall and relative humidity are the driving forces behind malaria at 2 to 3 months lags. On
the other hand, weak/absence of correlation in the control site does not prove absence of asso-
ciation between malaria and climate variables; it simply implies absence of linear relationship

between them.
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X Disparities have been seen among households in both ownership and utilization of LLITs. The
poorest, distant from health facilities, inaccessible to vehicle transportation households were
found to be the most disadvantaged in possession of LLINS. Factors that adversely influenced
utilization of LLINS were household RWI, distance to health facilities, inaccessibility to vehi-
cle transportation, being in the control area, larger family size, households with heads that

were not in marriage, and households with older heads.

< Malaria case was not identified from villages where community-based model of the IRS was
implemented. The identified cases of malaria from villages where a district - based model of
the IRS implemented needs careful future monitoring to examine whether it was due to quali-
ty compromised IRS applied in the district - based model or other factors, such as presence of
GGHD or due to socioeconomic differences.
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9.

Recommendations

Health service management

Due attention needs to be given to the poor, distant and inaccessible households in the effort of
malaria intervention programs such as during free distribution of LLITSs.

Well-tailored information education and communication (IEC) is needed to address the problem
of non-users, especially, households with older heads deserve appropriate IEC.

The continuity of effectiveness of malaria interventions in controlling malaria, especially in hot
spot areas, needs vigilant monitoring.

As already family folders are thought to exist at health post level, patient records at health facili-
ty level should include family identity (ID) so that spatial analysis of diseases and inclusion of
more variables (for detail analysis) can be carried out efficiently by linking case history to the

family ID when needed.

Community level:
Due attention need to be given to children in the age range from 10 to 14 years together with the

other vulnerable group of the population.

For future research:

There is a need to consider additional factors such as NDVI1 and the physico-chemical nature of
the water bodies to assess malaria risk factors of a locality that play a role in the rate limiting of
the dynamics of malaria.

Regarding the limit of P. falciparum with altitude and that of P. vivax with distance from dams,
further exploration is needed involving larger scale study.

Applicability and level of effectiveness of the community-based model of IRS need to be further
explored in different localities to fully replace the district based model of IRS.

Regardless of the inherent limitations of the secondary data, researchers need to consider the use
of thick data accumulated in health facilities for years.

83



10. Acknowledgements

| am indebted to a number of individuals without whom this study would not have been possible. For
practical purpose, I mention only some of them hereafter. First, | am graciously grateful to my super-
visors Dr Wakgari Deressa and Prof. Ahmed Ali, for their unreserved guidance, valuable comments
and encouragement throughout the dissertation work. | should also express my sincere thank to Prof.
Yamane Berhane who has contributed to the proposal of this dissertation from the inception and en-
couraged me to get done the dissertation in the present form.

| also acknowledge the School of Public Health/Addis Ababa University for giving me this competi-
tive academic chance where | have got to undertake academic exercises and for covering most ex-
penses of the dissertation. My heartfelt thanks go to all instructors and PhD students of the School,
for teaching, sharing experiences and sharpening me through seminar presentations and personal con-
sultations. My sincere thanks go also to the administrative staff of the School for facilitating adminis-
trative issues, smooth communication, tolerance and positive responses.

| would like to thank Jimma University for giving me the opportunity to learn and for the supports
given me such as office sharing and for allowing me other resources, including, stationery, duplica-
tion machine and vehicle for field data collection. Health Research Institute of Jimma University is
also greatly acknowledged for allowing me to use some data (geographic positioning system read-
ings, household lists with location identity) of Gilgel Gibe Health and Demographic System which
have been part of the data for spatial analysis.

I would like also to thank other bureaus and offices involved in the facilitation of the research activi-
ties. In this regard, Oromia Regional Health Bureau and Jimma Zonal health Office deserve due
acknowledgements for providing RDT kit for the blood survey and drugs to treat those study subjects
who tested positive for malaria while conducting the blood survey and for writing letters of coopera-
tion to district health offices and local health facilities. Kersa, Omo-Nada, Tiro-Afeta and Sokoru dis-
trict health offices as well as health facilities are greatly thanked since their supports were instrumen-
tal in many aspects.

The participants of the blood survey and respondents of the household survey are deeply acknowl-
edged as their voluntary participations were most important for the accomplishment of the surveys. |
want also to thank the managers and staff of the local health facilities where the records of malaria
episodes collected for availing the required documents and allowing me to collect necessary infor-

84



mation. Research assistants (field data collectors, supervisors, laboratory analysts, data encoders) are
cardinally acknowledged for proper collection and handling the data and for tirelessly accomplishing
their respective activities on the due time honestly.

| owe many thanks to members of the research team of Gilgel Gibe HDSS for covering all the activi-
ties of the team during my absence from the team due to my PhD study and for allowing me use some
of the data as a team member. My deep acknowledgement goes also to Prof. Beyene Petros, principal
investigator for the thematic research “Studies towards Integrated Prevention and Control of Malaria
and Other Parasitic Diseases in Ethiopia” of Addis Ababa University, for his determination to ensure
the smooth release & utilization of thematic budget timely. If not for his generous support, the work
of this dissertation would have been delayed. Particularly, I am indebted to the wholeheartedly sup-
port of Tariku Dejene who taught me a lot spending much of his precious time during data prepara-
tion and analysis. Dr Wondwosen Kasahun is greatly acknowledged also for his support in the data
analysis. | thank also Sifan Abera who supported me while processing the map of the study area. Dr
Yemanebrhan Kelemework, of Jimma University English department, is greatly acknowledged for
language editing.

Finally, my heartfelt and deep acknowledgements go to my family. Special thank goes to W/ro Abe-
rash Ayanu, my mother-in-law, who took over all the responsibility of my kids and has made meticu-
lous care of them in the absence of both my wife and I. My wife, Simegn Ayele, deserves my deep
appreciation and thanks since she created the impetus into my heart from the beginning and remained
firm supporter of mine throughout the years of my study. I am grateful to my kids, Jitu Lelisa and
Tolera Lelisa, for tolerating my absence and for their considerations even in my presence as well. |
would like to appreciate the surprise made by my twin newborns, Olana Lelisa and Olani Lelisa, who
come to this world just at the verge of finalization of this dissertation and filled my heart with unfor-
gettable pleasure.

85



11. References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Walker K. A Review of Control Methods for African Malaria Vectors. Washington, DC 20523
Office of Health, Infectious Diseases and Nutrition, Bureau for Global Health, U.S. Agency for
International Development, under EHP Project 26568/CESH.OPR.MAL.LIT 2002.

Cox FE. History of the discovery of the malaria parasites and their vectors. parasites & Vectors.
2010;3:5.

Cox-Singh J, Hiu J, Lucas SB, Divis PC, Zulkarnaen M, Chandran P, et al. Severe malaria - a case of
fatal Plasmodium knowlesi infection with post-mortem findings: a case report. Malar J.
2010;9:10

Sabbatani S, Fiorino S, Manfredi R. The emerging of the fifth malaria parasite (Plasmodium
knowlesi): a public health concern? Braz J Infect Dis. 2010 May-Jun;14(3):299-309.

Calderaro A, Piccolo G, Gorrini C, Rossi S, Montecchini S, Dell’Anna ML, et al. Accurate
identification of the six human Plasmodium spp. causing imported malaria, including
Plasmodium ovale wallikeri and Plasmodium knowlesi. Malar J. 2013;12:321.

Mandal S. Epidemiological aspects of vivax and falciparum malaria: global spectrum Asian Pac
J Trop Dis 2014;4(Suppl 1):S13-S26.

Yusof R, Lau YL, Mahmud R, Fong MY, Jelip J, Ngian HU, et al. High proportion of knowlesi
malaria in recent malaria cases in Malaysia. Malar J. 2014;13:168.

Ganser C, Wisely SM. Patterns of spatio-temporal distribution, abundance, and diversity in a
mosquito community from the eastern Smoky Hills of Kansas. Journal of VVector Ecology
2013;38(2):228-36.

Zhou G, Minakawa N, Githeko AK, Yan G. Climate variability and malaria epidemics in the
highlands of East Africa. Trends Parasitol. 2005;21(2):54-6.

Stratton L. ONMSKME, Bell M. L. The persistent problem of malaria: Addressing the
fundamental causes of a global killer. Social Science & Medicine. 2008;67:854-62.

Gouagna LC, Dehecq J-S, Girod R, Boyer S, Lempériere G, Fontenille D. Spatial and temporal
distribution patterns of Anopheles arabiensis breeding sites in La Reunion Island - multi-year
trend analysis of historical records from 1996-2009. Parasites & Vectors 2011;4:121.

Zhou G, Munga S, Minakawa N, Githeko AK, Yan G. Spatial Relationship between Adult
Malaria Vector Abundance and Environmental Factors in Western Kenya Highlands. Am J
Trop Med Hyg. 2007;77(1):29-35.

Amek N, Bayoh N, Hamel M, Lindblade KA, Gimnig JE, Odhiambo F, et al. Spatial and temporal
dynamics of malaria transmission in rural Western Kenya. Parasites & Vectors. 2012;5:86.
Dejenie T, Yohannes M, Assmelash T. Characterization of mosquito breeding sites in and in the
vicinity of tigray microdams. Ethiop J Health Sci. 2011;21(1):57-66.

Massebo F, Balkew M, Gebre-Michael T, Lindtjern B. Entomologic Inoculation Rates of
Anopheles arabiensis in Southwestern Ethiopia. Am J Trop Med Hyg. 2013;89(3):466-73.
Munhenga G, Brooke BD, Spillings B, Essop L, Hunt RH, Midzi S, et al. Field study site
selection, species abundance and monthly distribution of anopheline mosquitoes in the northern
Kruger National Park, South Africa. Malar J. 2014;13:27.

Galardo AKR, Zimmerman RH, Lounibos LP, L.J.Young, alardo CDG, Arudda M, et al.
Seasonal abundance of anopheline mosquitoes and their association with rainfall and malaria
along the Matap’1 River, Amap’1, Brazil. Med Vet Entomol. 2009;23:335-49.

86



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Omukunda E, Githeko A, Ndong’a MF, Mushinzimana E, Atieli H, Wamae P. Malaria vector
population dynamics in highland and lowland regions of western Kenya. J Vector Borne Dis.
2013;50:85-92.

Dery DB, Brown C, Asante KP, Adams M, Dosoo D, Amenga-Etego S, et al. Patterns and
seasonality of malaria transmission in the forest-savannah transitional zones of Ghana. Malar J.
2010;9:314.

Stresman GH. Beyond temperature and precipitation: ecological risk factors that modify malaria
transmission. Acta Trop. 2010 Dec;116(3):167-72.

Elyazar IR, Hay Sl, Baird JK. Malaria distribution, prevalence, drug resistance and control in
Indonesia. Adv Parasitol. 2011;74:41-175.

Pates H, Curtis C. Mosquito behavior and vector control. Annu Rev Entomol 2005;50:53-70.
Smithuis FM, Kyaw MK, Phe UO, Broek Ivd, Rogers C, Almeida P, et al. Entomological
determinants of insecticide-treated bed net effectiveness in Western Myanmar. Malar J.
2013;12(364).

Jain M, Sharma GC, Sharma SK. Transmission dynamics of malaria in human Host: a neuro-
fuzzy approach. 1JE Transactions A: Basics. 2006;19(1):35-48.

Dhiman RC, Chavan L, Pant M, Pahwa S. National and regional impacts of climate change on
malaria by 2030. Current Science. 2011;101(3):372-83.

Mabratu M. Web GIS in Decision Support to Control Malaria, Case Study in Tiro Afeta
Woreda, Oromia Region, Ethiopia. Addis Ababa: Addis Ababa University; 2010.

Bi P, Tong S, Donald K, Parten KA, Ni J. Climatic variables and transmission of malaria: A 12-
year data analysis in Shuchen country, China, 1980-1991. Public report. 2003;118:65-71.

Tol RSJ. Infectious disease, development, and climate change: a scenario analysis. Environment
and Development Economics. 2007;12:687-706.

Manh BH, Clements ACA, Thieu NQ, Hung NM, Hung LX, Hay Sl, et al. Social and
environmental determinants of malaria in space and time in Viet Nam. Int J Parasitol.
2011;41(1):109-16.

Brooker Simon CSn, Njagi Joseph Kiambo , Polac kSarah , Mugo Benbolt, Estambale Benson
, Muchiri Eric , Magnussen Pascal and Cox Jonathan Spatial clustering of malaria and
associated risk factors during an epidemic in a highland area of western Kenya. Tropical
Medicine and International Health. 2004;9(7):757—66.

Usher PK. Modelling Malaria Transmission Potential for Climate Scenarios in West Africa and
Europe Earth Environ. 2010;5: 40-65.

Grover-Kopec EK, Blumenthal MB, Ceccato P, Dinku T, Omumbo JA, Connor SJ. Web-based
climate information resources for malaria control in Africa. Malar J. 2006;5:38

Yeshiwondim AK, Gopal S, Hailemariam AT, Dengela DO, Patel HP. Spatial analysis of
malaria incidence at the village level in areas with unstable transmission in Ethiopia
International Journal of Health Geographics. 2009;8:5.

Ostfeld RS. GGaKF. Spatial epidemiology: an emerging (or re-emerging) discipline. TRENDS
in Ecology and Evolution. 2005;20(6):328-36.

Delgado-Petrocelli L, Camardiel A, Aguilar VH, Martinez N, Cordova K, Ramos S. Geospatial
tools for the identification of a malaria corridor in Estado Sucre, a Venezuelan north-eastern
state. Geospatial Health. 2011;5(2):169-76.

87



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

Keiser J, Castro MCD, Maltese MF, Bos R, Tanner M, Singer BH, et al. The effect of irrigation
and large dams on the burden of malaria on global and regional scale. Am J Tr Med Hyg.
2005;72(4):392-406.

Beale L AJ, Hodgson S and Jarup L. :Methodologic Issues and Approaches to Spatial
Epidemiology. Environmental Health Perspectives. 2008;116(8):1105-10.

Konchom S, Singhasivanon P, Kaewkungwal J, Chupraphawan S, Thimasarn K, Kidson C, et
al. Trend of malaria incidence in highly endemic provinces along the Thai borders, 1991-2001.
Southeast Asian J Trop Med Public Health. 2003;34(3):486-94.

Niringiye A, Douglason OG. Prevention of malaria. Med Lett Drugs Ther. 2005 Dec 5-
19;47(1223-1224):100-2.

Fouque F, Gaborit P, Carinci R, Issaly J, Girod R. Annual variations in the number of malaria
cases related to two different patterns of Anopheles darlingi transmission potential in the
Maroni area of French Guiana. Malar J. 2010;9:80.

Srivastava HC, Bhatt RM, Kant R, Yadav RS. Malaria associated with the construction of the
Sardar Sarovar Project for water-resources development, in Gujarat, India. Ann Trop Med
Parasitol. 2009 Oct;103(7):653-7.

Zhou G, Afrane YA, Vardo-Zalik AM, Atieli H, Zhong D, Wamae P, et al. Changing Patterns of Malaria
Epidemiology between 2002 and 2010 in Western Kenya: The Fall and Rise of Malaria. PLoS
ONE. 2011;6(5):e20318.

Huldén L. The decline of northern malaria and population dynamics of Plasmodium vivax
Academic dissertation Helsinki: University of Helsinki; 2008.

Sarrassat S, Senghor P, Hesran JYL. Trends in malaria morbidity following the introduction of
artesunate plus amodiaquine combination in M'lomp village dispensary, south-western Senegal.
Malar J. 2008;7:125.

Ramos JM, Reyes F, Tesfamariam A. Change in Epidemiology of Malaria Infections in a Rural
Area in Ethiopia. J Travel Med. 2005;12(3):155-6.

Delacollette C, D'Souza C, Christophel E, Thimasarn K, Abdur R, Bell D, et al. Malaria trends
and challenges in the Greater Mekong Subregion. Southeast Asian J Trop Med Public Health.
2009 Jul;40(4):674-91.

Rose-Wood A DS, Traore B and Castro MC. Trends in malaria morbidity among health care-
seeking children under age five in Mopti and Sevare, Mali between 1998 and 2006. Malar J.
2010;9:319.

LinH, LuL, TianL, Zhou S, Wu H, Bi Y, et al. Spatial and temporal distribution of falciparum
malaria in China. Malar J. 2009;8:130.

Kochar D.K. SP, Kochar S.K., Budania M.P. & Lakhotia J.P. Dynamics of malaria in Bikaner,
Rajasthan, India (1975-2006) J Vector Borne Dis. December, 2007;44:281-4.

Moftett A, Shackelford N, Sarkar S. Malaria in Africa: Vector Species’ Niche Models
andRelative Risk Maps. PL0oS One. 2007;5(9):e824.

Goodman C HK, Mills A, Wiseman V, Worrall E. The Economics of Malaria and Its Control
(http://www.tropika.net/svc/review/030324-Malaria 6 consulted on 28 Oct, 09). Paper for the
WHO/TDR Scientific Working Group on Malaria; Geneva, Switzerland2003a.

Mabaso ML, Vounatsou P, Midzi S, Silva JD, Smith T. Spatio-temporal analysis of the role of
climate in inter-annual variation of malaria incidence in Zimbabwe. International Journal of
Health Geographics. 2006;5:20

88


http://www.tropika.net/svc/review/030324-Malaria_6

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

Hay SlI, Guerra CA, Gething PW, Patil AP, Tatem AJ, Noor AM, et al. A world malaria map:
Plasmodium falciparum endemicity in 2007. PLoS Med. 2009 Mar 24;6(3):e1000048.

Bautista CT. CA, Ryan JR, Calampa C., Roper CH, Hightower AW., and Magill AJ.
Epidemiology and spatial analysis of malaria in the northern Peruvian Amazon Am J Trop Med
Hyg. 2006;75(6):1216-22.

Velleux JC. The Human Security Dimensions of Dam Development: The Grand Ethiopian
Renaissance Dam Global dialogue. 2013;15(2):1-15.

Lautze J, McCartney M, Kirshen P, Olana D, Jayasinghe G, Spielman A. Effect of a large dam
on malaria risk: the Koka reservoir in Ethiopia. Tropical Medicine and International Health.
2007;12(8):982-9.

Egquavoen I, Derib SD, Deneke TT, McCartney M, Otto BA, Billa SS. Digging, Damming or
Diverting? Small-Scale Irrigation in the Blue Nile Basin, Ethiopia Water Alternatives.
2012;5(3):678-99.

Ali SY. Small Scale irregation and household food security : A Case Study of Three Irrigation
Schemes in Gubalafto Woreda of North Wollo Zone, Amhara Region. Addis Ababa: Addis
Ababa; 2002.

Asayehegn K. Negative impact of small-scale irrigation schemes: A case study of Central
Tigray regional state, Ethiopia. Agricultural Research and Reviews 2012;1(3):80-5.

Ermert V, Fink AH, Paeth H. The potential effects of climate change on malaria transmission in
Africa using bias-corrected regionalised climate projections and a simple malaria seasonality
model. Climatic Change 2013;120:741-54.

Ersado L. Small-Scale Irrigation Dams, Agricultural Production, and Health: Theory and
Evidence from Ethiopia. 1818 H St NW, MSN: H4-405, Washington, DC: World Bank Policy
Research Working Paper 3494; 2005.

Nketiah-Amponsah E. Mothers” Demand for Preventive Healthcare for Children Aged Under-
Five Years: The Case of Utilization of Insecticide-Treated Bednets in Ghana. Journal of
Sustainable Development. 2010;3(2):98-106.

Hetzel MW, Iteba N, Makemba A, Mshana C, Lengeler C, Obrist B, et al. Understanding and
improving access to prompt and effective malaria treatment and care in rural Tanzania: the
ACCESSProgramme. Malar J. 2007;6:83.

Gallup JL, Sachs JD. The economic burden of malaria. Am J Trop Med Hyg. 2001;64(1,2):85-
96.

Kant R. Global malaria burden and achieving universal coverage of interventions: a glimpse on
progress and impact. Current Science. 2011;101(3):286-92.

ECA. Enhancing health Systems: Malaria’s Negative Impact in Africa Addis Ababa2005. p. 1-
30.

Egbendewe-Mondzozo A, Musumba M, McCarl BA, Wu X. Climate Change and Vector-borne
Diseases: An Economic Impact Analysis of Malaria in Africa. Int J Environ Res Public Health.
2011 Mar;8(3):913-30.

Sachs J, Malaney P. The economic and social burden of malaria. Nature. 2002;415:680-5.
Talisuna AO. Eradicating malaria in Islamic Development Bank member countries in Africa:
Islamic Development Bank Economic Policy and Statistics Department2008 Contract No.:
Occasional paper No. 13.

Fernando SD, Rodrigo C, Rajapakse S. The 'hidden' burden of malaria: cognitive impairment
following infection. Malar J. 2010;9:366.

89



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Vitor-Silva S, Reyes-Lecca RC, Pinheiro TR, Lacerda MV. Malaria is associated with poor
school performance in an endemic area of the Brazilian Amazon. Malar J. 2009;8:230.

Walther B, Miles DJ, Crozier S, Waight P, Palmero MS, Ojuola O, et al. Placental malaria is
associated with reduced early life weight development of affected children independent of low
birth weight. Malar J. 2010;9:16.

Sharma VP. Hidden burden of malaria in Indian women. Malar J. 2009;8:281.

Snowden FM. The global crisis of malaria: report on a Yale conference. Yale J Biol Med. 2009
Mar;82(1):19-23.

Nchinda T. Malaria: A Reemerging Disease in Africa Emerging Infectious Diseases, World
Health Organization, Geneva, Switzerland. 1998;4(Special Issue):3.

Narasimhan V, Attaran A. Roll Back Malaria? The scarcity of international aid for malaria
control. Malar J. 2003;2:8.

RBM, MEASURE E, WHO, UNICEF. Guidelines for Core Population Coverage Indicators for
Roll Back Malaria: To Be Obtained from Household To Be Obtained from Household Surveys.
Calverton, Maryland: MEASURE Evaluation; 2004.

Lindblade KA, Eisele TP, Gimnig JE, Alaii JA, Odhiambo F, Kuile FOt, et al. Sustainability of
Reductions in Malaria Transmission and Infant Mortality in Western Kenya With Use of
Insecticide-Treated Bednets: 4 to 6 Years of Follow-up. JAMA. 2004;291(21):2571-80.

WHO. World malaria report WHO Press, World Health Organization, 20 avenue Appia, 1211
Geneva 27, Switzerland: World Health Organization2010 Contract No.: ISBN 978 92 4 156410 6
(NLM classification: WC 765).

Jima D, Getachew A, Bilak H, Steketee RW, Emerson PM, Graves PM, et al. Malaria indicator
survey 2007, Ethiopia: coverage and use of major malaria prevention and control interventions.
Malar J. 2010;9:58.

O’Meara WP, Mangeni JN, Steketee R, Greenwood B. Changes in the burden of malaria in sub-
Saharan Africa. Lancet Infect Dis. 2010;10:545-55.

WHO. World malaria report 2014: World Health Organization, 20 Avenue Appia, 1211 Geneva
27, Switzerland 2014.

Fontaine RE, Najjar AE, Prince JS. The 1958 Malaria Epidemic in Ethiopia. Am j Trop Med
Hyg. 1961;4(10):795-803.

Nurhussein MA, Leonidas J-R. Health Crisis in Ethiopia: A Third World Syndrome. Journal of
the National Medical Association. 1985;77(12):963-865.

FMOH. Guideline for Malaria Epidemic Prevention and Control in Ethiopia 2nd ed. . Malaria
and Other Vector-borne Diseases Prevention and Control Team. Addis Ababa, Ethiopia: Federal
Ministry of Health; 2004b.

FMOH. Malaria Diagnosis and Treatment Guidelines for Health Workers in Ethiopia 2nd
Edition Malaria and Other Vector-borne Diseases Prevention and Control Team. Addis Ababa,
Ethiopia: Federal Ministry of Health 2004a.

FMOH. National Malaria Guidelines Third edtion. Addis Ababa: Federal Ministary of Health of
Ethiopa; 2012.

FMOH, ANVR, WHO. Entomological Profile of Malaria in Ethiopia. Addis ababa: Federal
Ministry of Health of Ethiopia; 2007.

Breman JG. The ears of the hippopotamus: manifestations, determinants, and estimates of the
malaria burden. Am J Trop Med Hyg. 2001 Jan-Feb;64(1-2 Suppl):1-11.

90



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Worrall E. BS, and Hanson K. The relationship between socio-economic status and malaria: a
review of the literature “Ensuring that malaria control interventions reach the poor” London
2002.

Packard R. Filling in the Gaps: Documenting the Social Determinants of Malaria. Paper
Presented to the WHO/UCL Conference on the Social Determinants of Health, (consulted on 23
Nov 2009); LondonNovember 26-28, 2008.

Breman JG, Egan A, Keusch GT. The intolerable burden of malaria: a new look at the numbers.
Am j Trop Med Hyg. 2001 Jan-Feb;64(1-2 Suppl):iv-vii.

Goodman C, Hanson K, Mills A, Wiseman V, Worrall E. The Economics of Malaria and Its
Control. Geneva, Switzerland, London School of Hygiene and Tropical Medicine Keppel Street,
London, United Kingdom: London School of Hygiene and Tropical Medicine2003a.

Haque U MR, RHL, Clements ACA, Ahmed SM, Islam A, Yamamoto T, Haque R and Glass
GE. Spatial prediction of malaria prevalence in an endemic area of Bangladesh Malaria
Journal. 2010;9:120.

Duc NT EA, Speybroeck Niko, Hung LX, Thuan LK, Hung CT, Ky PV, Coosemans M and
D'Alessandro U. Malaria in central Vietnam: analysis of risk factors by multivariate analysis
and classification tree models. Malaria Journal. 2008;7(28):10.1186/475-2875-7-28.

Yadav S.P. SRCJV. Study of social determinants of malaria in desert part of Rajasthan, India, .
J Vect Borne Dis. 2005;42:141-6.

Graves PM, Richards FO, Ngondi J, Emerson PM, Shargie EB, Endeshaw T, et al. Individual,
household and environmental risk factors for malaria infection in Amhara, Oromia and SNNP
regions of Ethiopia. Trans R Soc Trop Med Hyg. 2009 Dec;103(12):1211-20.

Njau JD, Goodman C, Kachur SP, Palmer N, Khatib RA, Abdulla S, et al. Fever treatment and
household wealth: the challenge posed for rolling out combination therapy for malaria. Tropical
Medicine and International Health. 2006;11(3):299-313.

Onwujekwe BSUaOE. Socio-economic differences and health seeking behaviour for the
diagnosis and treatment of malaria: a case study of four local government areas operating the
Bamako initiative programme in south-east Nigeria. International Journal for Equity in Health.
2004;3(6):1-10.

Baragatti M. FF, Henry M-C, Assi S. Ouedraogo H, Rogier C and Salem G. Social and
environmental malaria risk factors in urban areas of Ouagadougou, Burkina Faso. Malaria J.
2009;8(13 ):d0i:10.1186/475-2875-8-13.

Das A, Ravindran TS. Factors affecting treatment-seeking for febrile illness in a malaria
endemic block in Boudh district, Orissa, India: policy implications for malaria control Malar J.
2010;9:377.

Chibwana Al, Mathanga DP, Chinkhumba J, Jr CHC. Socio-cultural predictors of health-
seeking behaviour for febrile under-five children in Mwanza-Neno district, Malawi. Malaria
Journal 2009;8:219.

Malik EM HK, Ali SH, Ahmed ES and Mohamed KA. Treatment-seeking behaviour for malaria
in children under five years of age: implication for home management in rural areas with high
seasonal transmission in Sudan. Malaria Journal. 2006;5(60):doi: 10.1186/475-2875-5-60.
Beiersmann C, Sanou A, Wladarsch E, Allegri MD, Kouyaté B, Muller O. Malaria in rural
Burkina Faso: local illness concepts, patterns of traditional treatment and influence on health-
seeking behaviour. Malar j. 2007;6:106.

91



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Saeed IE, Ahmed ES. Determinants of malaria mortality among displaced people in Khartoum
state, Sudan. Eastern Mediterranean Health Journal. 2003;9(4):593-9.

Al-Taiar A, Assabri A, Al-Habori M, Azazy A, Algabri A, Alganadi M, et al. Socioeconomic
and environmental factors important for acquiring non-severe malaria in children in Yemen: a
case-control study. Trans R Soc Trop Med Hyg. 2009 Jan;103(1):72-8.

Pullan RL, Bukirwa H, Staedke SG, Snow RW, Brooker S. Plasmodium infection and its risk
factors in eastern Uganda. Malar j. 2010;9:2.

Onwujekwe O, Uzochukwu B, Dike N, Okoli C, Eze S, Chukwuogo O. Are there geographic
and socio-economic differences in incidence, burden and prevention of malaria? A study in
southeast Nigeria. Int J Equity Health. 2009;8:45.

Chase C, Sicuri E, Sacoor C, Nhalungo D, Nhacolo A, Alonso PL, et al. Determinants of
household demand for bed nets in a rural area of southern Mozambique. Malar J. 2009;8:132.
Breman JG, Alilio MS, White NJ. Defining and Defeating the Intolerable Burden of Malaria I11.
Progress and Perspectives. Am J Trop Med Hyg. 2007;77(Suppl 6): vi-xi.

Reid H, Vallely A, Taleo G, Tatem AJ, Kelly G, Riley I, et al. Baseline spatial distribution of
malaria prior to an elimination programme in Vanuatu. Malar J. 2010;9:150.

Baeza A, Bouma MJ, Dhiman RC, Baskerville EB, Ceccato P, Yadavc RS, et al. Long-lasting
transition toward sustainable elimination of desert malaria under irrigation development. PNAS.
2013:1-5: www.pnas.org/cgi/doi/10.1073/pnas.1305728110 (Accessed on Feb 10, 2014).
Adimi F, Soebiyanto RP, Safi N, Kiang R. Towards malaria risk prediction in Afghanistanusing
remote sensing. Malar J. 2010;9:125.

Stoler J, Weeks JR, Getis A, Hill AG. Distance Threshold for the Effect of Urban Agriculture
on Elevated Self-reported Malaria Prevalence in Accra, Ghana. Am J Trop Med Hyg.
2009;80(4):547-54.

Noor AM. CA, Gething PW., Moloneys G., Boles M., Shewchuk T., Hay SI. And Snow RW.
Spatial prediction of Plasmodium falciparum prevalence in Somalia. MalarJ. 2008;7:159.
d0i:10.1186/475-2875-7-159.

Yewhalaw D, Getachew Y, Tushune K, W/Michael K, Kassahun W, Duchateau L, et al. The
effect of dams and seasons on malaria incidence and anopheles abundance in Ethiopia. BMC
Infect Dis. 2013;13:161.

Haque U, Huda M, Hossain A, Ahmed SM, Moniruzzaman M, Haque R. Spatial malaria
epidemiology in Bangladeshi highlands. Malar J. 2009;8:185.

Klinkenberg E, Hoek Wvd, Amerasinghe FP, Jayasinghe G, Mutuwatte L, Gunawardena DM.
Malaria and Land Use: A Spatial and Temporal Risk Analysis in Southern Sri Lanka. Colombo:
International Water Management Institute2003.

Panigrahi BK, Kerketta, A.S., Mohapatra, A., Hazra, R.K., Parida, S.K., Marai, N.S., Kar, S.K.
and Mahapatra, N. Effect of construction of an irrigation canal on malaria situation in two
primary health centres of Dhenkanal district of Orissa, India. Tropical Biomedicine.
2011;28(1):76-84.

Sanchez-Ribas J, Parra-Henao G, Guimardes AE. Impact of dams and irrigation schemes in
anopheline (diptera: culicidae) bionomics and malaria epidemiology. Rev Inst Med Trop Sao
Paulo. 2012;54(4):79-191.

Mboera LEG, Senkoro KP, Mayala BK, Rumisha SF, Rwegoshora RT, Mlozi MRS, et al.
Spatio-temporal variation in malaria transmission intensity in five agro-ecosystems in Mvomero
district, Tanzania. Geospatial Health 2010;4(2):167-78.

92


http://www.pnas.org/cgi/doi/10.1073/pnas.1305728110

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Ernst KC, Lindblade KA, Koech D, Sumba PO, Kuwuor DO, John CC, et al. Environmental,
socio-demographic and behavioural determinants of malaria risk in the western Kenyan
highlands: a case-control study. Trop Med Int Health. 2009 Oct;14(10):1258-65.

Coleman M. Using Geographical and Malaria Information Systems for Enhanced Malaria
Control. Johannesburg: University of the Witwatersrand; 2008.

Bousema T, Drakeley C, Gesase S, Hashim R, Magesa S, Mosha F, et al. Identification of Hot
Spots of Malaria Transmission for Targeted Malaria Control. JID. 2010;201(1 June):1764-74.
Chowell G, Munayco CV, Escalante AA, McKenzie FE. The spatial and temporal patterns of
falciparum and vivax malaria in Per(: 1994-2006. Malar J. 2009;9:42.

Saxena R, Nagpal BN, Das MK, Srivastava A, Gupta SK, Kumar A, et al. A spatial statistical
approach to analyze malaria situation at micro level for priority control in Ranchi district,
Jharkhand Indian J Med Res 2012;136:776-82.

Fisiha MY. Do local environmental changes resulting from the construction of microdams lead
to increased malaria transmission in Tigray, Ethiopia? UK: University of Durham; 2002.
Ghebreyesus TA, Byass P, Witten KH, Getachew A, Haile M, Yohannes M, et al. Appropriate
Tools and Methods for Tropical Microepidemiology: a Case-study of Malaria Clustering in
Ethiopia. Ethiop J Health Dev. 2003;17(1):1-8.

Ghebreyesus TA, Haile M, Witten KH, Getachew A, Ambachew M Yohannes, Yohannes M, et
al. Incidence of malaria among children living near dams in northern Ethiopia: community
based incidence survey. BMJ. 1999;319:663-66.

Gergel DR. Water Resources Development: Engineering the Future of Global Health. The
Frederick S Pardee Center for the Study of the Longer-Range Future. 2013:www.bu.edu/pardee
(Accessed on 10 Feb, 2014).

Jaleta KT, Hill SR, Seyoum E, Balkew M, Gebre-Michael T, Ignell R, et al. Agro-ecosystems
impact malaria prevalence: large-scale irrigation drives vector population in western Ethiopia.
Malar J. 2013;12:350.

Yewhalaw D, Legesse W, Bortel WV, Gebre-Selassie S, Kloos H, Duchateau L, et al. Malaria
and water resource development: the case of Gilgel-Gibe hydroelectric dam in Ethiopia
Malar J. 2009;8:21.

Kibret S, Alemu Y, Boelee E, Tekie H, Alemu D, Petros B. The impact of a small-scale
irrigation scheme on malaria transmission in Ziway area, Central Ethiopia. Trop Med Int
Health. 2010 Jan;15(1):41-50.

Kibret S, McCartney M, and JL, Jayasinghe G. Malaria Transmission in the Vicinity of
Impounded Water: Evidence from the Koka Reservoir, Ethiopia: International Water
Management Institute20009.

Brooker S LT, Kolaczinski K, Mohsen E, Mehboob N, Saleheen S, Khudonazarov J, Freeman
T, Clements A, Rowland M, and Kolaczinski J. Spatial Epidemiology of Plasmodium vivax,
Afghanistan. Emerg Infect Dis. 2006;12(10):1600-2.

Githeko Andrew K. LSW, Confalonieri Ulisses E. , & Patz Jonathan A. . Climate change and
vector-borne diseases: a regional analysis; Special Theme — Environment and Health. Bulletin
of the World Health Organization. 2000;78 (9):1136-47.

Bayoh MN, Lindsay SW. Temperature-related duration of aquatic stages of the Afrotropical
malaria vector mosquito Anopheles gambiae in the laboratory. Medical and Veterinary
Entomology. 2004;18:174-9.

93


http://www.bu.edu/pardee

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

Blanford JI, Blanford S, Crane RG, Mann ME, Paaijmans KP, Schreiber KV, et al. Implications
of temperature variation for malaria parasite development across Africa. Scientific reports.
2013;3:1300 | DOI: 10.038/srep01300.

Paaijmans KP, Cator LJ, Thomas MB. Temperature-Dependent Pre-Bloodmeal Period and
Temperature-Driven Asynchrony between Parasite Development and Mosquito Biting Rate
Reduce Malaria Transmission Intensity. PLoS ONE. 2013;8(1):e55777.
doi:10.1371/journal.pone.0055777.

Ciota AT MA, Kilpatrick AM, Kramer LD. The effect of temperature on life history traits of
Culex mosquitoes. J Med Entomol. 2014;51(1):55-62.

Eling W, Hooghof J, Vegte-Bolmer Mvd, Sauerwein R, Gemert G-Jv. Tropical temperatures
can inhibit development of the human malaria parasite Plasmodium falciparum in the mosquito.
Med Ent. 2001;2:151-6.

De Souza D, Kelly-Hope L, Lawson B, Wilson M, Boakye D. Environmental factors associated
with the distribution of Anopheles gambiae s.s in Ghana; an important vector of lymphatic
filariasis and malaria. PLoS ONE. 2010;5(3):e9927.

Khan I, Damiens D, Soliban SM, Gilles JR. Effects of drying eggs and egg storage on
hatchability and development of Anopheles arabiensis. 2013;12:318.

Salehi M MK, Farahani MM, Zeraati H, Nourijeyani K, Zayeri F. Spatial Modeling of malaria
incidence rates in Sistan and Baluchistan. Islamic Republic of Iran,Saudi Med J
2008;29(012):1791-6. .

Lowe R, Chirombo J, Tompkins AM. Relative importance of climatic, geographic and socio-
economic determinants of malaria in Malawi. Malar J. 2013;12:416.

Lindblade KA, Walketi ED, Onapa AW, Katungu J, Wilson ML. Highland malaria in Uganda:
prospective analysis of an epidemic associated with EI Nino. Transactions of the Royal Society
of Tropical Medicine and Hygiene. 1999;93:480-7.

Hui F-M, Xu B, Chen Z-W, Cheng X, Liang L, Huang H-B, et al. Spatio-Temporal Distribution
of Malaria in Yunnan Province, China. Am J Trop Med Hyg. 2009;8(3):503-9.

Peterson I, Borrell LN, EI-Sadr W, Teklehaimanot A. A Temporal-Spatial Analysis of Malaria
Transmission in Adama, Ethiopia. Am J Trop Med Hyg, 81(6), 2009, pp 2009;81(6):944-9.
Reid HL, Haque U, Roy S, Islam N, Clements AC. Characterizing the spatial and temporal
variation of malaria incidence in Bangladesh, 2007. Malar J. 2012;11:170.

Alemu A, Abebe G, Tsegaye W, Golassa: L. Climatic variables and malaria transmission dynamics
in Jimma town, South West Ethiopia. Parasite & Vectors. 2011;4:30.

Alemu K, Worku A, Berhane Y. Malaria Infection Has Spatial, Temporal, and Spatiotemporal
Heterogeneity in Unstable Malaria Transmission Areas in Northwest Ethiopia. PLoS ONE.
2013;8(11):79966.

Thomson Madeleine C. CSJ, D’alessandro Umberto ,Rowlingson Barry ,Diggle Peter ,
Cresswell Mark , Greenwood Brian Predicting malaria infection in Gambian children from
satellite data and bed net use surveys: the importance of spatial correlation in the interpretation
of results. The American Society of Tropical Medicine and Hygiene. 1999;61(1):2-8.

Slutsker L, Newman RD. Malaria scale-up progress: is the glass half-empty or half-full? The
Lancet. 2009;373(9657):11-3.

94



154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Deribew A, Alemseged F, Birhanu Z, Sena L, Tegegn A, Zeynudin A, et al. Effect of training
on the use of long-lasting insecticide-treated bed nets on the burden of malaria among
vulnerable groups, south-west Ethiopia: baseline results of a cluster randomized trial. Malar J.
2010;9:121.

Bortel WV, Delacollette C, Barutwanayo M, Coosemans M. Deltamethrin-impregnated bednets
as an operational tool for malaria control in a hyper-endemic region of Burundi: impact on
vector population and malaria morbidity. Tropical Medicine and International Health.
1996;1(6):824-35

Atkinson JA, Bobogare A, Fitzgerald L, Boaz L, Appleyard B, Toaliu H, et al. A qualitative
study on the acceptability and preference of three types of long-lasting insecticide-treated bed
nets in Solomon Islands: implications for malaria elimination. Malar J. 2009;8:119.
Garcia-Basteiro AL, Schwabe C, Aragon C, Baltazar G, Rehman AM, Matias A, et al.
Determinants of bed net use in children under five and household bed net ownership on Bioko
Island, Equatorial Guinea. Malar J. 2011 Jun 29;10:179.

Rehman AM, Coleman M, Schwabe C, Baltazar G, Matias A, Gomes IR, et al. How much does
malaria vector control quality matter: the epidemiological impact of holed nets and inadequate
indoor residual spraying. PLoS ONE. 2011;6(4):e19205.

Alba S, Hetzel MW, Nathan R, Alexander M, Lengeler C. Assessing the impact of malaria
interventions on morbidity through a community-based surveillance system. International
Journal of Epidemiology 2011;40:405-16.

Nevill CG, Some ES, Mung'ala V, Mutemilp W, L N, Marshtv K, et al. Insecticide-treated
bednets reduce mortality and severe morbidity from malaria among children on the Kenyan
coast. Tropical Medicine and International Health. 1996;1(2):139-46.

Nyarango PM, Gebremeskel T, Mebrahtu G, Mufunda J, Abdulmumini U, Ogbamariam A, et
al. A steep decline of malaria morbidity and mortality trends in Eritrea between 2000 and 2004:
the effect of combination of control methods. Malaria Journal 2006;5:33.

Eng JLV, Thwing J, Wolkon A, Kulkarni MA, Manya A, Erskine M, et al. Assessing bed net
use and non-use after long-lasting insecticidal net distribution: a simple framework to guide
programmatic strategies. Malar J. 2010;9:133.

Browne ENL, Maude GH, Binka FN. The impact of insecticide-treated bednets on malaria and
anaemia in pregnancy in Kassena-Nankana district, Ghana: a randomized controlled trial.
Tropical Medicine and International Health. 2001;6(9):667-76.

Victor CF. Factors associated with mortality from childhood malaria in Navrongo DSS site,
Ghana, 1995-2000. Johannesburg: University of the Witwatersrand; 2007.

Kabanywanyi AM, Macarthur JR, Stolk WA, Habbema JD, Mshinda H, Bloland PB, et al.
Malaria in pregnant women in an area with sustained high coverage of insecticide-treated bed
nets. Malar J. 2008;7:133.

Alaii. JA. Insecticide-treated bednets (ITNs) for malaria control: Factors relevant for utilization
in a western Kenyan community. Maastricht: Maastricht; 2003.

Khatib RA, Killeen GF, Abdulla SM, Kahigwa E, McElroy PD, Gerrets RP, et al. Markets,
voucher subsidies and free nets combine to achieve high bed net coverage in rural Tanzania.
Malar J. 2008;7:98.

Harris AF, Matias-Arnez A, Hill N. Biting time of Anopheles darlingi in the Bolivian Amazon
and implications for control of malaria. Trans R Soc Trop Med Hyg. 2006 Jan;100(1):45-7.

95



169.

170.

171.

172.

173.

174.

175.

176.
177.
178.
179.
180.
181.
182.
183.

184.

185.

186.

187.

Yohannes M, Boelee E. Early biting rhythm in the afro-tropical vector of malaria, Anopheles
arabiensis, and challenges for its control in Ethiopia. Med Vet Entomol. 2011 Mar 16.

Yakob L, Yan G. Modeling the effects of integrating larval habitat source reduction and
insecticide treated nets for malaria control. PLoS ONE. 2009;4(9):e6921.

Kim D, Fedak K, Kramer R. Reduction of Malaria Prevalence by Indoor Residual Spraying: A
Meta-Regression Analysis. Am J Trop Med Hyg. 2012;87(1):117-24.

Hamusse SD, Balcha TT, Belachew T. The impact of indoor residual spraying on malaria
incidence in East Shoa Zone, Ethiopia. Glob Health Action 2012;5: 11619

Maharaj R, Morris N, Seocharan I, Kruger P, Moonasar D, Mabuza A, et al. The feasibility of
malaria elimination in South Africa. Malar J. 2012;11(423).

Bekele D, Petros B, Deressa W, Belyhun Y. Decline of Malaria using Combined Long Lasting
Insecticide Treated Nets and DDT House Spraying Strategies in Adami Tulu Jido Kombolcha
District, Central Ethiopia: A Longitudinal Study from Parasitological and Entomological
Indices Data. Open Access Scientific Reports. 2013;2(2):647 doi:10.417.

Ossé RA, Aikpon R, Gbédjissi GL, Gnanguenon V, Sézonlin M, Govoétchan R, et al. A shift
from Indoor Residual Spraying (IRS) with bendiocarb to Long-Lasting Insecticidal (mosquito)
Nets (LLINSs) associated with changes in malaria transmission indicators in pyrethroid
resistance areas in Benin. Parasites and Vectors. 2013;6:73.

WHO. World Malaria Report 2012. 20 Avenue Appia, 1211 Geneva 27, Switzerland: World
Health Organization Press2012.

Yared Legese AT, Tefera Belachew and Kora Tushene. Ownership and use treated bed net in
urban communities of Assosa zone, Western Ethiopia. Ethiopia J health sci. 2008;17(4):203-12.
Alemu A, Muluye D, Mihret M, Adugna M, Gebeyaw M. Ten year trend analysis of malaria
prevalence in Kola Diba, North Gondar, Northwest Ethiopia. Parasite Vectors. 2012;5:173.
USAID. Malaria Operational Plan Ethiopia FY2011. In: Initiative CPsM, editor.2011.
Bethesda M. Africa Indoor Residual Spray Project: AIRS Ethiopia: Abt Associate Inc2013.
Teklehaimanot A, Kitaw Y, G/Yohannes A, Girma S, Seyoum A, Desta H, et al. Study of the
Working Conditions of Health Extension Workers in Ethiopia. Ethiop J Health Dev.
2007;21(3):246-59.

Amare SA. The Impact of Ethiopian Health Services Extension Program on Maternal and Child
Health Outcomes:The Case of Tigray Region. Atlanta, Georgia: Georgia State University; 2013.
FMOH. Health Sector Development Program 1V 2010/11 — 2014/15. Addis Ababa: Federal
Democratic Republic of Ethiopia Ministry of Health; 2010.

Banteyerga H. Ethiopia’s Health Extension Program: Improving Health through Community
Involvement. MEDICC Review. 2011;13(3):46-9.

Hanafi-Bojd AA, Vatandoost H, Oshaghi MA, Charrahy Z, Haghdoost AA, Zamani G, et al.
Spatial analysis and mapping of malaria risk in an endemic area, south of Iran: A GIS based
decision making for planning of control. Acta Tropica 2012;122:132-7.

Ermert V, Fink AH, Morse AP, Paeth H. The Impact of Regional Climate Change on Malaria
Risk due to Greenhouse Forcing and Land-Use Changes in Tropical Africa. envron Health
perspective. 2012;20(1):77-84

Ernst Kacey C. KAL, David Koech, Peter O. Sumba, Dickens O. Kuwuor, Chandy C. John5
and Mark L. WilsonC. Environmental, socio-demographic and behavioural determinants of
malaria risk in the western Kenyan highlands: a case-control study. Tropical Medicine and
International Health 2009;14 (10 ):1258-65.

96



188.

189.

190.

191.

192.

193.

194.

195.
196.
197.
198.
199.
200.

201.

202.

203.

204.

205.

Animut A, Balkew M, Lindtjgrn: B. Impact of housing condition on indoor-biting and indoor-
resting Anopheles arabiensis density in a highland area, central Ethiopia. Malar J. 2013;12:393.
Al-Taiar A, Assabri A, Al-Habori M, Azazy A, Algabri A, Alganadi M, et al. Socioeconomic
and environmental factors important for acquiring non-severe malaria in children in Yemen: a
case-control study. Trans R Soc Trop Med Hyg. 2009;103(72-78).

Li T, Yang Z, Wang M. Temperature, relative humidity and sunshine may be the effective
predictors for occurrence of malaria in Guangzhou, southern China, 2006-2012. Parasites &
Vectors 2013;6:155.

Kibret S, Wilson GG, Tekie H, Petross B. Increased malaria transmission around irrigation schemes
in Ethiopia and the potential of canal water management for malaria vector control. Malar J.
2014;13:360.

Ayele DG, Zewotir TT, Mwambi HG. The risk factor indicators of malaria in Ethiopia. Int J
Med Med Sci. 2013;7:335-47.

Yewhalaw D, Kassahun W, Woldemichael K, Tushune K, Sudaker M, Kaba D, et al. The
influence of the Gilgel-Gibe hydroelectric dam in Ethiopia on caregivers’ knowledge,
perceptions and health-seeking behaviour towards childhood malaria. Malar J. 2010;9:47.
Deribew A, Alemseged F, Tessema F, Sena L, Birhanu Z, Zeynudin A, et al. Malaria and under-
nutrition: a community based study among under-five children at risk of malaria, south-west
Ethiopia. PLoS ONE. 2010;5(5):e10775.

Rosner B. Fundamentals of Biostatistics 5th Ed. USA: Brooks/Cole; 2000.

Feinstein A. Principles of Medical Statistics Chapman & Hall/CRC USA2002

Teklehaimanot HD, Lipsitch M, Teklehaimanot A, Schwartz J. Weather-based prediction of
Plasmodium falciparum malaria in epidemic-prone regions of Ethiopia I. Patterns of lagged
weather effects reflect biological mechanisms. Malar J. 2004;3:41.

Deressa W, Olana D, Chibsa S. Community participation in malaria epidemic control in
highland areas of southern Oromia, Ethiopia. EthiopJHealth Dev. 2005;19(1):3-10.

WHO. Basic MICROSCOPY Part I. Learner’s guide, WHO Press, World Health Organization.
20 Avenue Appia, 1211 Geneva 27, Switzerland2010.

Deressa W, Ali A. Malaria-related perceptions and practices of women with children under the
age of five years in rural Ethiopia Public Health. 2009;9:259

Sanjana BM, Bangs MJ., Ompusunggu S, Elyazar I, Marwoto H, Tuti S, Sururi M, Tjokrosonto
S, And Baird J. K. Survey of Community Knowledge, Attitudes, And Practices During A
Malaria Epidemic In Central Java, Indonesia Am J Trop Med Hyg. 2006;75(5):783-9

Gahutu JB, Steininger C, Shyirambere C, Zeile I, Cwinya-Ay N, Danquah I, et al. Prevalence
and risk factors of malaria among children in southern highland Rwanda. Malar J. 2011 May
18;10(1):134.

WHO. Protocols and methods for malaria situation analysis Trial ed. Geneva:
WHO/HTM/RBM; 2003.

Thang ND, Erhart A, Speybroeck N, Hung LX, Thuan LK, Hung CT, et al. Malaria in central
Vietnam: analysis of risk factors by multivariate analysis and classification tree models. Malaria
Journal. 2008;7:28.

Rencher A, Schaalje GB. Linear Models in Statistics. New Jersey: John Wiley & Sons, Inc;
2008.

97



206.

207.

208.

209.

210.

211.

212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

Yewhalaw D, Wassie F, Steurbaut W, Spanoghe P, Van Bortel W, Denis L, et al. Multiple
insecticide resistance: an impediment to insecticide-based malaria vector control program. PLoS
ONE. 2011;6(1):e16066.

Balkew M, lbrahim M, Koekemoer LL, Brooke BD, Engers H, Aseffa A, et al. Insecticide
resistance in Anopheles arabiensis (Diptera: Culicidae) from villages in central, northern and
south west Ethiopia and detection of kdr mutation. parasite and vectors. 2010;3:40.

Mmbando BP, Vestergaard LS, Kitua AY, Lemnge MM, Theander TG, Lusingu JP. A
progressive declining in the burden of malaria in north-eastern Tanzania. Malar J. 2010;9:216.
Karema C, Aregawi MW, Rukundo A, Kabayiza A, Mulindahabi M, Fall IS, et al. Trends in
malaria cases, hospital admissions and deaths following scale-up of anti-malarial interventions,
2000-2010, Rwanda. Malar J. 2012;11:236.

Masaninga F, Chanda E, Chanda-Kapata P, Hamainza B, Masendu HT, Kamuliwo M, et al.
Review of the malaria epidemiology and trends in Zambia. Asian Pac J Trop Biomed
2013;3(2):89-94.

Zhou G, Sirichaisinthop J, Sattabongkot J, Johnes J, Bjornstad O, Yan G, et al. Spatio-temporal
distribution of plasmodium falciparum and p. Vivax malaria in Thailand. Am J Trop Med Hyg.
2005;72(3):256-62.

Okumu FO, Moore SJ. Combining indoor residual spraying and insecticide-treated nets for
malaria control in Africa: a review of possible outcomes and an outline of suggestions for the
future. Malar J. 2011;10:208.

Bekele D, Belyhun Y, Petros B, Deressa W. Assessment of the effect of insecticide-treated nets
and indoor residual spraying for malaria control in three rural kebeles of Adami Tulu District,
South Central Ethiopia. Malar J. 2012;11:127.

Karunamoorthi K, Bekele M. Prevalence of malaria from peripheral blood smears examination:
a 1-year retrospective study from the Serbo Health Center, Kersa Woreda, Ethiopia. J Infect
Public Health. 2009;2(4):171-6.

Tesfaye S, Belyhun Y, Teklu T, Mengesha T, Petross B. Malaria prevalence pattern observed in the
highland fringe of Butajira, Southern Ethiopia: A longitudinal study from parasitological and
entomological survey. Malar J. 2011;10:153.

Gerritsen AA, Kruger P, Loeff MFSvd, Grobusch MP. Malaria incidence in Limpopo Province,
South Africa, 1998-2007. Malar J. 2008;7:162.

Okafor FU, Oko-Ose JN. Prevalence of malaria infections among children aged six months to
eleven years (6 months-11 years) in a tertiary institution in Benin City, Nigeria. Global
Advanced Research Journal of Medicine and Medical Sciences 2012;1(10):273-9.

Ahmad T, Hussain A, Ahmad S. Epidemiology of malaria in Lal Qilla. International Journal of
Scientific & Technology Research. 2013;11(2):199-202.

Singh R, Kumar S, Rana SK, Thakur B, Singh SP. A Comparative Study of Clinical Profiles of
Vivax and Falciparum Malaria in Children at a Tertiary Care Centre in Uttarakhand. Journal of
Clinical and Diagnostic Research. 2013:www.jcdr.net (Access date 13 August 2014).

Ayele DG, Zewotir TT, Mwambi HG. Prevalence and risk factors of malaria in Ethiopia. Malar J.
2012;11:195.

Okonko 10, Soleye, F. A., Amusan, T. A., Ogun, A. A., Udeze, A. O., Nkang, A. O., Ejembi, J.
and Faleye,T. O. C. Prevalence of malaria plasmodium in Abeokuta, Nigeria. Malaysian Journal
of Microbiology. 2009;5(2):113-8.

98


http://www.jcdr.net/

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

Quakyi IA, Leke RGF, Befidi-Mengue R, Tsafack M, Bomba-Nkolo D, Manga L, et al. The
epidemiology of plasmodium falciparum malaria in two Cameroonian villages: Simbok and
Etoa. Am J Trop Med Hyg. 2000;63(5, 6):222-30.

Graves PM, Ngondi JM, Hwang J, Getachew A, Gebre6 T, Mosher AW, et al. Factors
associated with mosquito net use by individuals in households owning nets in Ethiopia. Malar J.
2011;10:354.

Nankinga Z, Muliira JK, Kalyango J, Nankabirwa J, Kiwuwa S, Njama-Meya D, et al. Factors
Associated with Utilization of Insecticide-Treated Nets in Children Seeking Health Care at a
Ugandan Hospital: Perspective of Child Caregivers. J Community Health 2012;37:1006-14.
Tsuang A, Lines J, Hanson K. Which family members use the best nets? An analysis of the
condition of mosquito nets and their distribution within households in Tanzania. Malar J.
2010;9:211.

Adams I, Darko D, Accorsi DS. Malaria: a burden explored. Bulletin of Health Information.
2004;1(1):28-34.

Guillebaud J, Mahamadou A, Zamanka H, Katzelma M, Arzika I, Ibrahim ML, et al.
Epidemiology of malaria in an area of seasonal transmission in Niger and implications for the
design of a seasonal malaria chemoprevention strategy. Malar J. 2013;12:379.

Carneiro I, Roca-Feltrer A, Griffin JT, Smith L, Tanner M, Schellenberg JA, et al. Age-Patterns
of Malaria Vary with Severity, Transmission Intensity and Seasonality in Sub-Saharan Africa:
A Systematic Review and Pooled Analysis. PLoS ONE. 2010;5(2):e8988.

Woyessa A, Gebre-Michael T, Ali A, Kebede D. Malaria in Addis Ababa and its environs:
assessment of magnitude and distribution. Ethiop J Health Dev 2002;16(2):147-55.

Gupta S, Gunter JT, Novak RJ, Regens JL. Patterns of Plasmodium vivax and Plasmodium
falciparum malaria underscore importance of data collection from private health care facilities
in India. Malar J. 2009;8:227.

Mishra G. Hospital based study of malaria in Ratnagiri district, Maharashtra. J Vect Borne Dis
2003;40:109-11.

Schwartz E, Sadetzki S, Murad H, Raveh D. Age as a Risk Factor for Severe Plasmodium
falciparum Malarianin Nonimmune Patients. Clin Infect Dis. 2001;15(1774-1777).

Donovan C, Siadat B, Frimpong J. Seasonal and socio-economic variations in clinical and self-
reported malaria in accra, ghana: evidence from facility data and a community survey. Ghana
Med J. 2012;46(2):85-92.

Cotter C, Sturrock HJW, Hsiang MS, Liu J, Phillips AA, Hwang J, et al. The changing
epidemiology of malaria elimination: new strategies for new challenges. wwwthelancetcom
2013:http://dx.doi.org/10.1016/S0140-6736(13)60310-4 (accessed on 12 August 2014).

Lin E, Kiniboro B, Gray L, Dobbie S, Robinson L, Annemarie, et al. Differential Patterns of
Infection and Disease with P. falciparum and P. vivax in Young Papua New Guinean Children.
PLoS ONE. 2010;5(2):e9047.

Yasinzai MI, Kakarsulemnkhel JK. Prevalence of human malaria infection in Pakistan: District
Dera Murad Jamali. Pakistan Journal of Science. 2008;60(3-4):67-71.

Roy M, Bouma MJ, lonides EL, Dhiman RC, Pascual M. The Potential Elimination of
Plasmodium vivax Malaria by Relapse Treatment: Insights from a Transmission Model and
Surveillance Data from NW India. PLoS Negl Trop Dis 2013;7(1):e1979. doi:10.371.

Adak T, Sharma VP, Orlov VS. Studies on the Plasmodium vivax relapse pattern in Delhi,
india. Am J Trop Med Hyg. 1998;59(1):175-9.

99


http://dx.doi.org/10.1016/S0140-6736(13)60310-4

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

254,

255.

256.

Ishikawa H, Ishii A, Kaneko A. The prevalence ofPlasmodium vivax in Vanuatu Islands:
Computer simulation ofmalaria control trails. Journal of the Faculty of Environmental Science
and Technology. 2000;5(1):1-6.

Jamil S, Khan MN. Seasonal variations of vivax and falciparum malaria: An observation at a
tertiary care hospital. J Ayub Med Coll Abbottabad. 2012;24(1):93-5.

Marques PX, Saute F, Pinto VV, Cardoso S, Pinto J, Alonso PL, et al. Plasmodium species
mixed infections in two areas of Manhica District, Mozambique. Int J Biol Sci. 2005;1(3):96-
102.

Robert V, Goff GL, Andrianaivolambo L, Randimby FM, Domarle O, Randrianarivelojosia M,
et al. Moderate transmission but high prevalence of malaria in Madagascar. International
Journal for Parasitology 2006;36:1273-81.

Ardiet D-L, Graz B, Szeless T, Mauris A, Falquet J, Doumbo OK, et al. Patterns of malaria
indices across three consecutive seasons in children in a highly endemic area of West Africa: a
three times-repeated cross-sectional study. Malar J. 2014;13:199 doi:10.1186/475-2875-13-199.
Yasinzai MI, Kakarsulemankhel JK. Incidence of human Malaria infection in Central
Balochistan, Pakistan: District Bolan. BIOLOGIA (PAKISTAN) 2009;55(1 & 2):43-50.
Sattabongkot J, Tsuboi T, Zollner GE, Sirichaisinthop J, Cui L. Plasmodium vivax
transmission: chances for control? TRENDS in Parasitology 2004;20(4):192-8.

Woyessa A, Deressa W, Ali A, Lindtjern B. Prevalence of malaria infection in Butajira area,
south-central Ethiopia. Malar J. 2012;11:84.

Pricea RN, Douglasa NM, Anstey NM. New developments in Plasmodium vivax malaria:
severe disease and the rise of chloroguine resistance. Curr Opin Infect Dis 2009;22:430-5.
Chen N, Auliff A, Rieckmann K, Gatton M, Cheng Q. Relapses of Plasmodium vivax Infection
Result from Clonal Hypnozoites Activated at Predetermined Intervals. JID. 2007;195:934-41.
Gonzalez-Ceron L, Mu J, Santillan F, Joy D, Sandoval MA, Camas G, et al. Molecular and
epidemiological characterization of Plasmodium vivax recurrent infections in southern Mexico.
Parasites & Vectors 2013;6:109.

Prakash J, Singh AK, Kumar N, Saxena R. Acute Renal Failure in Plasmodium vivax Malaria.
JAPI. 2003;51(265-267).

Martins1 AC, Lins JB, Santos LM, Fernandes LN, Malafronte RS, Maia TC, et al. Vivax malaria
in an Amazonian child with dilated cardiomyopathy. Malar J. 2014;13:61.

Douglas NM, Nosten F, Ashley EA, Phaiphun L, Vugt Mlv, Singhasivanon P, et al.
Plasmodium vivax Recurrence Following Falciparum and Mixed Species Malaria: Risk Factors
and Effect of Antimalarial Kinetics. Clin Infect Dis 2011;52(5):612-20.

Tilaye T, Deressa W. Prevalence of urban malaria and associated factos in Gondar Town,
Northwes Ethiopia. Ethiop Med J. 2007;45(2):151-8.

Karunamoorthi K, Bekele M. Changes in Malaria Indices in an Ethiopian Health Centre: A Five
Year Retrospective Analysis. Health Scope. 2012;1(3):118-26.

Price RN, Tjitra E, Guerra CA, Yeung S, White NJ, Anstey NM. Vivax Malaria: Neglected and
Not Benign. Am J Trop Med Hyg. 2007;77(Suppl 6):79-87.

Gnémé A, Guelbéogo WM, Riehle MM, Tiono AB, Diarra A, Gustave B Kabré, et al.
Plasmodium species occurrence, temporal distribution and interaction in a child-aged
population in rural Burkina Faso. Malar J. 2013;12:67.

100



257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

Agboola T. F AMB, Adeleke M.A and Gyang P.V. Prevalence of malaria parasite among blood
donors in Lagos University teaching hospital, Lagos Nigeria. Annals of Biological Research
2010;1(3):72-5.

Matangila JR, Lufuluabo J, Ibalanky AL, Luz RAId, Lutumba P, Geertruyden J-PV.
Asymptomatic Plasmodium falciparum infection is associated with anaemia in pregnancy and
can be more cost-effectively detected by rapid diagnostic test than by microscopy in Kinshasa,
Democratic Republic of the Congo. Malar J. 2014;13:132.

Maselli LM, Levy D, Laporta GZ, Monteiro AM, Fukuya LA, Ferreira-da-Cruz MF, et al.
Detection of Plasmodium falciparum and Plasmodium vivax subclinical infection in non-
endemic region: implications for blood transfusion and malaria epidemiology. Malar J.
2014:13:224.

Nkoghe D, Akue J-P, Gonzalez J-P, Leroy EM. Prevalence of Plasmodium falciparum infection
in symptomatic rural Gabonese populations. Malar J. 2011;10:33.

Ketema T, Bacha K, Birhanu T, Petros B. Chloroquine-resistant Plasmodium vivax malaria in
Serbo town, Jimma zone, south-west Ethiopia. Malar J. 2009;8:177.

Ketema T, Getahun K, Bachai K. Therapeutic efficacy of chloroquine for treatment of
Plasmodium vivax malaria cases in Halaba district, South Ethiopia. parasites & Vectors.
2011;4:46.

Teka H, Petros B, Yamuah L, Tesfaye G, Elhassan I, Muchohi S, et al. Chloroquine-resistant
Plasmodium vivax malaria in Debre Zeit, Ethiopia. Malar J. 2008;7:220.

Khattak AA, Venkatesan M, Nadeem MF, Satti HS, Yaqoob A, Strauss K, et al. Prevalence and
distribution of human Plasmodium infection in Pakistan. Malar J. 2013;12:297.

Genton B, D’Acremont] Vr, Rare L, Baea K, Reeder JC, Alpers MP, et al. Plasmodium vivax
and Mixed Infections Are Associated with Severe Malaria in Children: A Prospective Cohort
Study from Papua New Guinea. PLoS Med 2008;5(6):e127. doi:10.

Mohapatra M, Dash L, Bariha P, Karua P. Profile of Mixed Species (Plasmodium vivax and
falciparum) Malaria in Adults. JAP1 2012;60:20-4.

Saravu K, Rishikeshl K, Kamath A, Shastry AB. Severity in Plasmodium vivax malaria
claiming global vigilance and exploration — a tertiary care centre-based cohort study. Malar J.
2014;13(304).

Zakeri S, Kakar Q, Ghasemi F, Raeisi A, Butt W, Safi N, et al. Detection of mixed Plasmodium
falciparum & P. vivax infections by nested-PCR in Pakistan, Iran & Afghanistan. Indian J Med
Res. 2010;132:31-5.

Mekonnen SK, Aseffa A, Medhin G, Berhe N, Velavan TP. Re-evaluation of microscopy
confirmed Plasmodium falciparum and Plasmodium vivax malaria by nested PCR detection in
southern Ethiopia. 2014;13:48.

Dhangadamajhi G, Kar SK, Ranjit MR. High prevalence and gender bias in distribution of
Plasmodium malariae infection in central east-coast India. Tropical Biomedicine
2009;26(3):326-33.

Baltzell KA, Shakely D, Hsiang M, Kemere J, Ali AS, rkman AB, et al. Short Report:
Prevalence of PCR Detectable Malaria Infection among Febrile Patients with a Negative
Plasmodium falciparum Specific Rapid Diagnostic Test in Zanzibar. Am J Trop Med Hyqg.
2013;88(2):289-91.

101



272.

273.

274.

275.

276.

2717.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

Karl S, Laman M, Koleala T, Ibam C, Kaisan B, N’Drewei N, et al. Comparison of three
methods for detection of gametocytes in Melanesian children treated for uncomplicated malaria
Malar J. 2014;13:3109.

Mehlotra RK, Kasehagen LJ, Baisor M, Lorry K, Kazura JW, Bockarie MJ, et al. Malaria
infections are randomly distributed in diverse holoendemic areas of Papua New Guinea. Am J
Trop Med Hyg. 2002;67(6):555-62.

Aggarwal P, De A, Dev N, Rehani V, Gadpayle A, Yadav S. Changing Trends in Malaria. J
Trop Dis 2013;1:124. doi: 10.4172/2329-891X.1000124.

Alemu G. Prevalence of Malaria and its influencing factors in Awassa District, Southern
Ethiopia. Addis Ababa: Addis Ababa University; 2006.

Kasasa S, Asoala V, Gosoniu L, Anto F, Adjuik M, Tindana C, et al. Spatio-temporal malaria
transmission patterns in Navrongo demographic surveillance site, northern Ghana. Malar J.
2013;12:63.

Peterson AT. Shifting suitability for malaria vectors across Africa with warming climates. BMC
Infect Dis. 2009;9:59.

Sena LD, Deressa WA, Ali AA. Analysis of trend of malaria prevalence: a retrospective
comparative study, southwest Ethiopia. Malar J. 2014;13:188.

Gething PW, Elyazar IRF, Moyes CL, Smith DL, Battle KE, Guerra CA, et al. A Long
Neglected World Malaria Map: Plasmodium vivax Endemicity in 2010. PLoS Negl Trop Dis
2012;6(9):e1814.

Fru-Cho J, Bumah VV, Safeukui I, Nkuo-Akenji T, Titanji VP, Haldar K. Molecular typing
reveals substantial Plasmodium vivax infection in asymptomatic adults in a rural area of
Cameroon. Malar J. 2014;13:170.

Hyder Mahgoub: GIG, Imad R Musasand Ishag Adama~, Severe Plasmodium vivax malaria among
sudanese children at New Halfa Hospital, Eastern Sudan. Parasites & Vectors. 2012;5:154.
McGready R, Wongsaen K, Chu CS, Tun NW, Chotivanich K, White NJ, et al. Uncomplicated
Plasmodium vivax malaria in pregnancy associated with mortality from acute respiratory
distress syndrome. Malar J. 2014;13:191.

MOH. National Strategic Plan for Going to Scale with Coverage and Utilization in Ethiopia,
2004 - 2007 Addis Ababa: Ministry of Health; 2004. p. 1-29.

Negash K, Kebede A, Medhin A, Argaw D, Babaniyi O, . JG, et al. Malaria epidemics in the
highlands of Ethiopia. East Afr Med J. 2005;82(4):186-92.

Yolanda Barbera Lainez. The intersectoral response to the malaria epidemic in Ethiopia in
2003: an assessment. London: Overseas Development Institute2005 Contract No.: 31.

Tambo E, Adedeji AA, Huang F, Chen J-H, Zhou S-S, Tang L-H. Scaling up impact of malaria
control programmes: a tale of events in Sub-Saharan Africa and People’s Republic of China.
Infectious Diseases of poverty 2012;1:7.

Cohen JM, Smith DL, Cotter C, Ward A, Yamey G, Sabot OJ, et al. Malaria resurgence: a
systematic review and assessment of its causes. Malar J. 2012;11:122.

Pascual M, Cazelles B, Bouma MJ, Chaves LF, Koelle K. Shifting patterns: malaria
dynamics and rainfall variability in an African highland. Proc R Soc B 2008;275:123-32.
Woyessa A, Deressa W, Ali A, Lindtjgrn B. Malaria risk factors in Butajira area, south-central
Ethiopia: a multilevel analysis. Malar J. 2013;12:273.

Githeko AK, Ndegwa W. Predicting malaria epidemics in the Kenyan highlands using climate
data: a tool for decision makers. Global change and health 2001;2(1):54-63.

102



291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

Danuor SK, Tay SCK, Annor T, Forkuo EK, Bosompem KM, Antwi3 V, editors. The impact of
climate variability on malaria incidence and prevalence in the forest zone of Ghana — A case
study at two (2) hospitals located within the Kumasi Metropolitan area of the Ashanti Region of
Ghana. 2nd International Conference: Climate, Sustainability and Development in Semi-arid
Regions; 2010; August 16 - 20, 2010, Fortaleza - Ceara, Brazil.

Tay SCK, Danuor SK, Mensah DC, Achanpong G, Abroquah HH, Morse A, et al. Climate
Variability and Malaria Incidence in Peri-urban, Urban and Rural Communities Around
Kumasi, Ghana: A Case Study at Three Health Facilities; Emena, Atonsu and Akropong. Int J
Parasitol Res. 2012;4(2):83-9.

Wardrop NA, Barnett AG, Atkinson J-A, Clements AC. Plasmodium vivax malaria incidence
over time and its association with temperature and rainfall in four counties of Yunnan Province,
China. Malar J. 2013;12:452.

Haque U, Hashizume M, Glass GE, Dewan AM, Overgaard HJ, Yamamoto T. The Role of
Climate Variability in the Spread of Malaria in Bangladeshi Highlands. PLoS ONE.
2010;5(12):e14341.

Meyrowitsch DW, Pedersen EM, Alifrangis M, Scheike TH, Malecela MN, Magesa SM, et al. Is the
current decline in malaria burden in sub-Saharan Africa due to a decrease in vector population?
Malar J. 2011;10:188.

Omonijo AG, Matzarakis A, Oguntoke O, Adeofun CO. Influence of Weather and Climate on
Malaria Occurrence Based on Human-Biometeorological Methods in Ondo State, Nigeria.
Journal of Environmental Science and Engineering. 2011;5:1215-28.

Devi NP, Jauhari RK. Meteorological variables and malaria cases based on 12 years data
analysis inDehradun (Uttarakhand) India. Europ J Exp Biol. 2013;3(1):28-37.

Okanga S, Cumming GS, Hockey PA. Avian malaria prevalence and mosquito abundance in the
Western Cape, South Africa. Malar J. 2013;12:370.

Briét OJ, Vounatsou P, Gunawardena DM, Galappaththy GN, Amerasinghe PH. Temporal
correlation between malaria and rainfall in Sri Lanka. Malar J. 2008;7:77.

Thomson MC, Mason SJ, Phindela T, Connor SJ. Use of rainfall and sea surface temperature
monitoring for malaria early warning in botswana. Am J Trop Med Hyg 2005;73(1):214-21.
Small J, Goetz SJ, Hay Sl. Climatic suitability for malaria transmission in Africa, 1911-1995.
PNAS 2003;100(26):15341-5.

Oliveira AMd, Wolkon A, Krishnamurthy R, Erskine M, Crenshaw DP, Roberts J, et al.
Ownership and usage of insecticide-treated bed nets after free distribution via a voucher system
in two provinces of Mozambique. Malaria Journal 2010;9(222).

Gobena T, Berhane Y, Worku A. Low long-lasting insecticide nets (LLINS) use among
household members for protection against mosquito bite in kersa, Eastern Ethiopia. BMC Public
Health. 2012;12:914.

Baume CA, Reithinger R, Woldehanna S. Factors associated with use and non-use of mosquito
nets owned in Oromia and Ambhara regional states, Ethiopia. Malar J. 2009;8:264.

Haileselassie B, Ali A. Asesment of Insecticide Treated Nets Coverage for Malaria Control in
Kafta-Humera District, Tigray: Possession versus Use by High-risk Groups. Ethiop J Health
Dev. 2008;22(3):259-67.

WHO. World Malaria Report. 20 Avenue Appia, 1211 Geneva 27, Switzerland: World Health
Organization Press2011.

103



307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

3109.

320.

321.

322.

Dagne G, Deressa W. Knowledge and utilization of insecticide treated mosquito nets among
freely supplied households in Wonago Woreda, Southern Ethiopia. EthiopJHealth Dev
2008;22(1):34-41.

Deressa W, Fentie G, Girma S, Reithinger R. Ownership and use of insecticide-treated nets in
Oromia and Amhara Regional States of Ethiopia two years after a nationwide campaign.
Tropical Medicine and International Health. 2011;16(12):1552-61.

Astatkie A, Feleke A. Utilization of insecticide treated nets in Arbaminch Town and the
malarious villages of Arbaminch Zuria District, Southern Ethiopia. Ethiop J Health Dev
2009;23(3):206-15.

Flaxman AD, Fullman N, Otten MW, Jr., Menon M, Cibulskis RE, Ng M, et al. Rapid scaling
up of insecticide-treated bed net coverage in Africa and its relationship with development
assistance for health: a systematic synthesis of supply, distribution, and household survey data.
PLoS Med. 2010;7(8):e1000328.

Macedo de Oliveira A, Wolkon A, Krishnamurthy R, Erskine M, Crenshaw DP, Roberts J, et al.
Ownership and usage of insecticide-treated bed nets after free distribution via a voucher system
in two provinces of Mozambique. Malar J. 2010;9:222.

Macintyre K, Littrell M, Keating J, Hamainza B, Miller J, Eisele TP. Determinants of hanging
and use of ITNs in the context of near universal coverage in Zambia. Health Policy and
Planning 2011;1:1-10 doi:.1093/heapol/czr042.

Tobin-West ClI, Alex-Hart BA. Insecticide-treated bednet ownership and utilization in Rivers
State, Nigeria before a state-wide net distribution campaign. J Vector Borne Dis 2011;48:133-7.
Felema B. Assessment of Insecticide Treated Nets (ITNs) Utilization among Children under
five years of age and Pregnant women of Adama Woreda, Oromia Regional State, Ethiopia.
Addis Ababa: Addis Ababa University; 2007.

Jima D, Tesfaye G, Deressa W, Woyessa A, Kebede D, Alamirew D. Baseline survey for the
implementation of insecticide treated mosquito nets in Malaria control in Ethiopia.
EthiopJHealth Dev 2005;19(1):16-24.

Gebresilassie FE, Hailemariam D. Factors influencing People's Willingness-to-Buy insecticide
treated Bed nets in Arbamich Zuria District, Southern Ethiopia. Health Popul Nurt.
2011;29(3):200-6.

Taye B. Willingness to Pay for Insecticide-Impregnated Bed Nets: The Case of Selected Rural
Kebeles in llu Woreda of Western Shoa Zone. Ethiop J Econ. 2002;X1(1):1-32.

Onwujekwe O, Hanson K, Fox-Rushby J. Do divergences between stated and actual willingness
to pay signify the existence of bias in contingent valuation surveys? Soc Sci Med. 2005
Feb;60(3):525-36.

Onwujekwe O, Malik E-FM, Mustafa SH, Mnzava A. Socio-economic inequity in demand for
insecticide-treated nets,in-door residual house spraying, larviciding and fogging in Sudan.
Malar J. 2005;4(62).

Amoran OE, Senbanjo 10, Asagwara CE. Determinants of insecticide treated nets use among
youth corp members in Edo State, Nigeria. BMC Public Health 2011;11:728.

Garcia-Basteiro AL, Schwabe C, Aragon C, Baltazar G, Rehman AM, Matias A, et al.
Determinants of bed net use in children under five and household bed net ownership on Bioko
Island, Equatorial Guinea. Malar J. 2011 Jun 29;10(1):179.

Legesse Y, Tegegn A, Belachew T. Ownership and use of Treated bed nets in urban
communities of Assosa zone, Western Ethiopia. Ethiop J Health Sci. 2008;17(4):203-12.

104



323.

324,

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

Ruhago GM, Mujinja PG, Norheim OF. Equity implications of coverage and use of insecticide
treated nets distributed for free or with co-payment in two districts in Tanzania: A cross-
sectional comparative household survey. International Journal for Equity in Health 2011;10:29.
Singh M, Brown G, Rogerson SJ. Ownership and use of insecticide-treated nets during
pregnancy in sub-Saharan Africa: a review. Malar J. 2013;12:268.

Ahmed SM, Zerihun A. Possession and usage of insecticidal bed nets among the people of
Uganda: is BRAC Uganda Health Programme pursuing a pro-poor path? PLoS ONE.
2010;5(9):e12660.

Noor AM, Omumbo JA, Amin AA, Zurovac D, Snow RW. Wealth, mother's education and
physical access as determinants of retail sector net use in rural Kenya. Malar J. 2006;5:5.
Ng'ang'a PN, Jayasinghe G, Kimani V, Shililu J, Kabutha C, Kabuage L, et al. Bed net use and
associated factors in a rice farming community in Central Kenya. Malar J. 2009;8:64.
Evangeline TO, Kelechi N. Usage, sustainability and the local population’s perceived
effectiveness of insecticide-treated bed nets in the control of malaria in old Umuahia district of
Abia state, Nigeria. African Journal of Applied Zoology & Environmental Biology. 2008;10:40-
9.

Vanlerberghe V, Singh SP, Paudel IS, Ostyn B, Picado A, Sanchez A, et al. Determinants of
bednet ownership and use in visceral leishmaniasis-endemic areas of the Indian subcontinent.
Trop Med Int Health. 2010 Jan;15(1):60-7.

Wanzira H, Adoke Yekal RK, Rubahika D, Nasr S, Sserwanga A, Kamya M, et al. Long-
lasting insecticide-treated bed net ownership and use among children under five years of age
following a targeted distribution in central Uganda. Malar J. 2014;13:185.

West PA, Protopopoff N, Rowland MW, Kirby MJ, Oxborough2 RM, Mosha FW, et al.
Evaluation of a national universal coverage campaign of long-lasting insecticidal nets in a rural
district in north-west Tanzania. Malar J. 2012;11:273.

Edelu BO, lkefuna AN, Emodi JI, Adimora GN. Awareness and use of insecticide-treated bed
nets among children attending outpatient clinic at UNTH, Enugu - the need for an effective
mobilization process. Afr Health Sci. 2010 Jun;10(2):117-9.

Cohen J, Dupas P. Free distribution or cost-sharing? Evidence from a randomized malaria
prevention experiment. Quarterly Journal of Economics. 2010;CXXV(1):1-45.

Goesch JN, Schwarz NG, Decker M-L, Oyakhirome S, Borchert LB, Kombila UD, et al. Socio-
economic status is inversely related to bed net use in Gabon. Malar J. 2008;7:60

Chuma J, Molyneux C. Estimating inequalities in ownership of insecticide treated nets: does the
choice of socio-economic status measure matter? Health Policy and Planning. 2009;24:83-93.
Nketiah-Amponsah E. Mothers” Demand for Preventive Healthcare for Children Aged Under-
Five Years: The Case of Utilization of Insecticide-Treated Bednets in Ghana. Journal of
Sustainable Development. 2010;3(2):96-108.

Eteng M, Mitchell S, Garba L, Ana O, Liman M, Cockcroft A, et al. Socio-economic
determinants of ownership and use of treated bed nets in Nigeria: results from a crosssectional
study in Cross River and Bauchi States in 2011. Malar J. 2014;13:316.

Howard N, Shafi A, Jones C, Rowland M. Malaria control under the Taliban regime:
insecticide-treated net purchasing, coverage, and usage among men and women in eastern
Afghanistan. Malar J. 2010;9:7.

105



339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

Bashinyora JB. Utilisation of insecticide treated nets in households with children under 5 years
in Muhorro sub county, Kibaale District, Uganda Utilisation of insecticide treated nets in
households with children under 5 years in Muhorro sub county, Kibaale District, Uganda.
Kampala: Mekerare University; 2010.

Fuster KWM. Barriers in access to insecticide-treated bednets for malaria prevention: An
analysis of Cambodian DHS data. J Vector Borne Dis 49. 2012;49:1-7.

Biadgilign S, Reda A, Kedir H. Determinants of Ownership and Utilization of Insecticide-
Treated Bed Nets forMalaria Control in Eastern Ethiopia. Journal of Tropical Medicine.
2012;2012:235015.

Jima D, Getachew A, Bilak H, Steketee RW, Emerson PM, Graves PM, et al. Malaria indicator
survey 2007, Ethiopia: coverage and use of major malaria prevention and control interventions.
Malar J. 2010;9:58

Fullman N, Burstein R, Lim SS, Medlin C, Gakidou: E. Nets, spray or both? The effectiveness of
insecticide-treated nets and indoor residual spraying in reducing malaria morbidity and child
mortality in sub-Saharan Africa. Malar J. 2013;12:62.

Kleinschmidt I, Schwabe C, Shiva M, Segura JL, Sima V, Jose S, et al. Combining Indoor
Residual Spraying and Insecticide-Treated Net Interventions. Am J Trop Med Hyg.
2009;81(3):519-24.

WHO. Insecticide-treated mosquito net interventions. A manual for national control
programme managers. Geneva, 27 — Switzerland: World Health Organization; 2003.

Sena L, Tesgera W. Pattern and Trends of Malaria Morbidity Over Five Years in Jimma Zone,
Southwest Ethiopia. Ethiop J Health Science. 2009;19(3):131-7.

Munyekenye OG, Githeko AK, Zhou G, Mushinzimana E, Minakawa N, Yan G. Plasmodium
falciparum Spatial Analysis, Western Kenya Highlands. Emerging Infectious Diseases *
wwwcdcgov/eid 2005;11(10):1571-7.

Mba CJ, Aboh IK. Prevalence and Management of Malaria in Ghana: A Case Study of Volta
Region. African Population Studies 2003;22(1):138-71.

Chala B, Petros B. Malaria in Finchaa Sugar Factory area in western Ethiopia: Assessment of
malaria as public health problem in Finchaa Sugar Factory based on clinical records and
parasitological surveys, western Ethiopia J parasit & Vect biol. 2011;3(4):52-8.

FMOH. National Malaria Program Monitoring and Evaluation Plan 2014 - 2020 Addis
Ababa2014.

Abreha T, Alemayehu B, Tadesse Y, Gebresillassie S, Tadesse A, Demeke L, et al. Malaria
diagnostic capacity in health facilities in Ethiopia. Malar J. 2014;13:292.

Karlekar SR, Deshpande MM, Andrew RJ. Prevalence of Asymptomatic Plasmodium vivax and
Plasmodium falciparum Infections in Tribal Population of a Vilage in Gadchiroli District of
Maharashtra State, India. Biological Forum 2012;4(1):42-4.

Alves FP, Durlacher RR, Menezes MJ, Krieger H, Silva LHPD, Camargo AEP. High
prevalence of asymptomatic Plasmodium vivax and Plasmodium falciparum infections in native
Amazonian populations. Am J Trop Med Hyg. 2002;66(6):641-8.

106



12. Annexes

Annex- | Published and submitted articles

1. Paperone

Zena e al fdaaradouna’ 214, 12134

—
LLY dari el cem i A » ) MALARLA
o Ukl

peeat

RESEARCH Tipen Access

Analysis of trend of malaria prevalence in
south-west Ethiopia: a retrospective comparative
study

Ledizz [ Sens’ =, Wakgand & Devesss® and Ahvned o o

Abatract

Backgraund: The iampard anelysz of perlineni melaria deie an e healh care gymem iz audaly impadand 1a
mes e 3aees o Falore af mdearia grogrammess ad idemlify ramaining melearia ba1 seais The abjecives af his
Shady v ja makze and campars irends oF malsis prevalencs s ound Gilge -Gk Hydradeciric Dam (GEH0),
md & camral F1e auer ;1 sight4emer periad

Me=thads: & relragpeecive recard reviem of healih @re services wes canducied in southees] Elhigpisa Recards of
mdaia &= arer a0 Sqh-eear periad in primany beslth cars onits oF 1 locaifies meere rasisned. Cne sudy 51e
wes zdecied famvillages sound & marrmeds ke GEHD, witin & distence o 10 b, and & contd @t with
smilar g=agraphic fesiures wes idenifed. Ceds wer s summerized in jaHes prevalencs of mdana wes andyzed and
d=oibed by perzan, place and time=uEng line graph=s Cddsrafia wes ueed 1a svamine sigrificam difeaenc= of
mdania acoumencs in he jua E5ies

R=xu =z R=aards af 163918 malsia cases ragisiared arer Sqh years Sepdamber 2002 43 Augus 2011) wer=
=plared dazes 1a ane thirds (F27¥) of hese eeex e fam GEHD Fie and wea-hirds (67,34 of thamowene fram
te= camral F1=. Arrang 1the cofirreed =2zex Mlasmodiar: Bldpana cansiiued I4.48%, Blasmo o wisar
acoaarie=d far 414%, and mised infecian we 328k, There wer = ihree pealx af malgia prevalencein the canrd =@ie
whermas anly ane mejar peak s idamified during e aghieesr periad in GEHD S51es; and pravalence of meleris
n GEHD S1=wes amer than camral 1= Children 0 the ag= range= 1m0 13 14 pears mere1he e affeded By 1he
diz=aze= fallawed by children bdon hi= 292 groae Ave 10 nine yeas, whid demands due= cansderaian in he
=ffan af malans camral

Cancluzianz: Mare malana prevalenos wes ake=nred in = @mral 1= campeared +7 GGHD @542 aAmos throughaad

teime= paiad conadeaed The presen finding did nal shaw ssidenos af he sices mdaia burden in e GEHD
D= du=ia ihe gpezenae of the dam

Ke=ymaards- E1thiapia, Glgd-Gkbs Heslth sensios, idalis frend, idaleris pracdenc=

B kg el

Kaara has boen 2 majpr pablic heafth  prablem
thragghaoat haman histap, partoalarly in the trapial
ard sabtropial pasts of the wadd (1], In BEthaopa, the
ooomverces of epidenics of mabria hawe besn dooca
riterted s the 19506 and 19002 The most domsating
epideniis was that of 1998 which resaled in an astizmtad

ac 4 Tk L

0 ket of Epdore o ogy, Colloge offubhc Helth srd Ricdesl
Smmal Jrmmm, B

) of 4 ichm| of Pubhe Heslth, Cobme of

Heulth oereny, Add o Absba Uneaorabg Addo Abebe, Bhiope

fhree milliom cies aned 10,000 dmthe [LE] Untid we
Enfty, rahria has b the lading @ves of mohidity
and morlity in Ethiopa |1 4]l The two peml seacoanal
tananesions of mabra ooow dwing the muonthe of
Sepbernbesy o Decernber and Kasch ta kay [47].

Sradies hoe showm that the Placwodaim spocies cam
o it and the ramber of mabria @ees W@y o times
g 11] dus ta different Boioes, soch as previras weathe
mrditione |12] ar nieserdion measiares | 1E], A Teospital
baged retrospective stody done in Bthiopia seveadsd
deoremaent of Macmodaim wraw wherms Plasmadiam

o 14 % o 3 e o Biofded Cwrard Lod Thb b an Eyen e e 3o o dberibn e under chee oora of e Crsdhae

() Biomed Certral & o

o

0, mhich prwric ursranl cod ', dbolbacon, ad

e ol girol sk b propecky csdiord The Ceodvr C ommom Publl c Comaodn

unirn oohersber 200

10 3ppilm mdw o macke vl ahie In hb 3xk e,
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Bkipaum inoeased aver 2 five pay pavied 7] An
ather ten peay trend stady cowiad eat o linma T awn,
Ethicpia, showad 1ot andy facwatian of namber of
makyia e bt dea changes in the pecies of Plaonas
Jaim canpes itiom fallawing climatis vavishle [14].

Undevstanding how malvia vavies i the cammeanity
2: 2 yemaht of seasanal or pay to pear ShaTges & oessen
tial for planning ratimal malva canteal progEmis
115]. The temparal arahsis of relant makra dam of
halth c@re spalem gives eseential indormation nesdad o
Teaare achiveanents of natinral malaia progamnes
and sorgtinize remaining mawvia hat spats Itaka gives
impartard insight inta the charging mabra sit@tion,
which mught gaide adpstments of malwia promammes
activities and the picritzaton of malwa reseaech
|16,17]. Therefare, the changing mabra sibh@tion re
Jaires an Jpdating Jesoriptian of makra trends [18]

Comprahenaie stadies veavding prevadmecs of mal
i aver 2 peind of time that ndoades all age sarments
of the popaltion, Wi oda acooant the base popal
tion dderomnirator], e s=oe in Ethipa inoapite of the
recogmition of the dissace bawden for mare than half of a
cardary. Thersfare, the chjectives of this stady weae o
amatses and compave tends of maEbva  peeralence
aroard Sikpel Sihe hpdroelodyic dam (SEHD] md a
cantral site and ta Mentfy trends of Facmediom speacie
arey the time pevied caneidensd.,

Methoda

Srudy setings

The remrd review mmpaative stady was onductad in
tea il settings, ane &ibe wes farreanding 2 ran mads
Bk, GEHD, which saed apmatng mo2001 [19], and a
cantral aite was mare than ten I By away fram the
Ble z0 that the possble affect of the dam woaldd not be
reflacted in the contial sie The SEHD: site & 2 hedith
and denagaphic saneillanes s ie HIES] (2] which m
chd= mawoanding villages within =0 Im radss of
the SEHD and abast SOO00 residents gzed ta lve in
the villres The mnbal site was sebooed omeidering
the similvity of gegpaphic faboes with the Dam site
veqarding attitode and presene of vivers, bat withoat
dar, and eguivalent anges of disance fam wats bed
= a5 man rEl of malva The papdatian of the tho
sites had simibr soci;n demoraphc chavacteritics and
woareanic ackivitiss. Bath sites ave foumed within attitade
warge which Bwars smsanal mabvia tare s son [21 25].
Aoprepiras savesp showed that the tea siles had aguia
lert hoasshald sies of shoat fae indivdmls per hoass
hald (], thas, eqanalent vilbges and amall towre with
that of the SEHE were dentified fom the contal sibe
with aboat SO0 T pear popalatiome thas, an estinmtsd
IO 1] peay popalBton ocontvivated to the nelavia
e fram thetwa stady aites,

Faie 2o 0

The residents of bath stady sites had accesch ity ta
jrimasy halfth e anik. A pimarp hatth o anit
mreits of 2 heatth ente and, on awage, five heatth
pasts tagether sarwng shoat 25000 popaltion inoa 2
diuz of dboat fve Jon of the halth omtres, The health
Entres ave el saffed by ieddie leved health praies
siomalk, inckding Bboatwp technidans and techmala
Fits, thas @ses with fawy are often ested for malwa
The halth posts are sRffed by bealth exencion worless
as of 2005 (25} ard they @al pedoin rmpid dagrastic
ets for mabvia suspeded @sss and trext ancanmpl
@ted mabra @z Demied desoriptians of the stady
settings have aka bean given ekavhere (21200 2],

Shudy design

A retragpective @mpaaEtve stady design was anplaped
waing data fram ko@l halth servos (health cmtres and
teatth posts]. This was dane by seviewing makra mo
bidity vemrd of Jo=l heatth Bcoiites pofaning to
vilages within a apecified mdive of the SEHD and the
@rbral aite Trend of makra peerdlence was aralpssd

and canpared by pavson and phos

Toaie ol dats snd swnde size

In Bthiopia, malaria @ses ave treatsd both Cling= iy and
2z confimed mabva acowrdancs to rational gadelne
6.24] depearding an the depres of dagnotic pahilites
at differert Jeveks of the hathare syeen Bath the e
ammptive and corfimed @ses ore registaed an pref
matted] regibation bools dog boals] at hedlth e
Jevets and separied baoth wesilp as well 25 ronthlp ta
Text higher Jeml of hatth management spoem The
jresent stady incaded dl makvia raccods afthe kel i
map halithare anits that were within the aoions of
1SEHD f5iked Sk THES] and control villages wegistened
brp thee primnasy heatth cve anits betwesn Septembeer 2005
and Aeagast 2011 weve repsemead, In the SEHD e thare
ware aight health pocts ard thres bedith cmtres fram
where recards of mabvia @ weied the hath savices
anty from vilbges mckaded min the Silgs Sibe THES
were congidered fo the precent stady Simibyhy, villges
in the contral site had e=ight heatth post and ane halth
Entre fom where anly malria recwrds of the sdeoed
villre: mndaded o this stady The timeime oneds
ation wes bassd on k. oaikbiity both for SEHD as
whell 35 cardeal sites and the fact that spgmifiantchangs in
the nambey of malva @ees, fach 25 spideniis, oomars in
opclic fashsan fram five o eight pear pevieds inothe coan
by RAEEEE], inoarder that ang fachmtion of such gecde
ol ke cptared

Dt oallectin tedtiigues
& fomnat was prepaved on 2 @y Spremdshest
Excel] to callact the semrdary &t fom kg boals of
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Jo@l govermaent primarp halth e anits of the aea
Individ @l Jeel data an mabvia nearbiditpr 2ach as, diag
Tei rerahs dregative Species of Plaomodim for peci
tivesp dates of diagnozes paibble demopraphic daa
dresidarios age sew| weere yegicteved on the compesber
spreadshest Al remyds of patenkt wha vieted the
hetth metitations daving the timeframe considensd and
tregted as mabria patent were nchded no the stadp
Decods of @ses with moamplete recods, qach as dates
of heghth serwioe visit, age, addees, yepalte of dagnois,
were axduded faom the anatpis.

Dete masg et 2nd mrocesg

The dam on rabra @ge records of diffevent ool
halth@re iratitatione of the shadp sites weae brancfered
1o Ewoel spremdalest chaclhed for completeress |dabe of
diggnosic, test remalts, patent age and addees], ooded
and combired an the ame spreaddhesh then, prepaed
daa of mabra @ees were expored ta ZIES shtiticl
software version 20 foar “Windows Sabzeqaent anahpees
ware padnimied aeing the Z0E9 shtitial eoftware
Iegaltts weere qammariza] weing tahles and fpaves and
odds vatins wereused ta estimate the level of difference
betuser, the stady sies in the diatribation of mabvia
prewlene

Ettwcal coraderatans

Ethizml caaranoss weye obtaimead Fom the Adds Ababa
Lmniversitpy Collsge of Heatth Sciemoss Brthicl Ievsew
Boayd amd Cwomia DMegional Health Bareaa Ethial
ey anece Conmtbes limamna Zaral and Dt ot Health
affices 2s well as ol adminetators wene commvand
2] by farmal Jeters writen from School of Dablc
Halth of Addis dhaba Uniwevsity and Chramia Degional
Hath Bareaa Indinsdoal mdomation was lept condi
Jdential and the names of mdid @l wer e rannored fam
datz of helith servoss and identifed anly by dentifiz
tiom reambevs and the resalts were commaneied inoan

aAggregated TanTe

Reaults

Thi rebspective shady esamined recards of 1635918
mabvia aees regimbered over sight peas | Ssptenber
2002 o dagast 2011 Tl o a thind E20E] of thase
zes ware fram the SEHD gite and tan thicds JEF 3R]
waye From the cantral sie Owerall, the male ta fmmale
satio was L2 1 and slighthy higher for the SEHD cite
41141 1z 10 1) than the condval site The ander five
e geoap oonstitabed 120% of all the cees which was
highey in the mrdeal site {127 1w 10058 than SEHD
zife The prapartion of chikdven azed fam five ta foar
bemn pEvs was ZEOR (ZEESE n ocontral w XEER
SEHL: the prapation nthe age foaap ten to Fartesan
s was higher among the onbval (163 we 102%)

Farg 3 of

than the FEHT sibe On the other hand, the compos
itiom. of adult cees aged 15 peavs and abaie was higher
in the GEHD i B2 w0 S0 than the contal sibe
Pegarding the camposition of age froap betwsesn males
and females within the stody sites, thers was simibvity
in the FEHD site wheveags jn the contral sibe more givdks
i the 2qe yange ten o foar een peys ey e affected 172
¥ 155 than ooanderpavt bops howevey no the adalt
e iEgarp mare ales than females @EOT W ST IR
were jrfeched JTable 1).

fboat twa thirds were confimed  anomplicabed
mabria e and a thind were dine=l mabra e in
chding probable mabvia c@ees Cheall, Pl param
amd . waax acoranded for ome thied and ane qaarer
of all the e, respectively, with simida propotion
aoroes all age gyoays Deviining to the speces compas
tiom. amang the corfimed @ses, P falaparom consti
tabed SLAK JE0AK in SEHD ite and SEEE in the
contral aitel ownar acoranded for 118 (FEER in
FEHD and 247% i corndeal] and mived species was
L ar n SEHD and 208 in contal] of the can
firmed @ses

There hawe boen higher proportion of infections in
cantral site by bath P falepaviam and P ovaax spe
Ci= in all age @tegovies Indection by P @kiparam
and . wwae malaria was LS and 2.2 times nore Lielp
ta oooar in the mnbal sibe omparsd bo SEHD ite
among the ander fiwe peavs of age groap The peia
Jenoes of P falsdpavam and P waax was e pectivelp
mare than twa and thres times Lilely to oooar amarng
chikdren five ta foarbean peavs age groap in the contral
sites compaved to the SEHD site Aorang the adals
fiftean peavs and abowe pmys of age, the preglenoes of
P faleipaviom and P vivax were 1Y ans 27 napectipelp
Tare ikl ta happen i the cantral sites campared ta
the FEHI site {Table Z].

There was varition of wend of condirmed madlaia
aang different age proaps 25 well as per D pedr
tremds. Childven n the ag= ange fram ten o foareen
fears weere the mast affected by the dizmze A Japicted
in Figae 1 dved line]l the predlenee of mabvia was
highest i this age @egary fram 2005 to 2010 when the
prevalemoe of malaa dropped inoall age goups. Bope
callp in 305 a chid in thie groap gat are than twa
infectiane and, an aeage a child gat reavhy thres infec
toms m 200E, Chikdren badaw the aze of ton pears were
the socomd most affeded fallowing those aped ten ta
frartesn pmrs In 20085, childven below ten pars gatan
Deiage 15 mfactiors and from 2008 o 2010, thep gat
Tioe than twa mdections of Plcmodamn pravly Howees,
there was nat rach pranecanced ril differance betuean
chikdren in the age gradp bedow five p=avs fpind lne and
thizeee five to Tuine pears Jopan line age @tegories, althaagh
the rtter was Slighthy highe
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Tabla 1 Distibution of nakeks Qs by e, 204 and sudy sHes, southwast Ethlapia, Serbambar 2002 QU gust 2911
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U the ather hand, the adaht age groap Jhive 1ine] was
the Jeact affected In thic age egoy, the pevalence of
malaria reached SO in 2005 and decrmesd by half the
Rlkwing pear. Howews, the prewlence madaaly n
oresed and yemched about FOR jn SO0 whens it lepelisd
for the sabesgqaent twa pears. The green line in the fig
wre o the aperall pretalence of confivmad makvia n
2l aze peagps which iz seanungly lawest of 2l abeoar g
the barden of the disegse n diffevent age Sbegovies par
ticalvly in the childeen @egovies {Fare 1.

Theae was aka a Jiffsrece n the pateT of malania
pretaience hetusmen, the shady sites Semveva Ty thee e
thyes peale of makvia preglene duaing the eight poy
periad comsideved in the comtral s The theee cignifi
@ant makvia peralacs paall paviads were mo 2006, 200
and 3010 In B005, the preglence of mabva reachsd
22 and the ather twa peals weve shove thic firare The
propoytion of P faliam Jbrowm line] and . waax
dblae Line] Bz amast sgqandlent throaghaat the peaied
e iderad irespeactive of the oveall wayatiom awe tine
The P ks pram pravalene was slighiphigher than that
aof P v ewept o 2008 and A0 when the P v
poreralaree was alewtad a Lt abeie 2 gl ipavo.

U the other hand, prevalence of mabvia in SEH
daarge Lire] was mach lower than m cantral site {eed
lng and evhibited onlp ome maje pmh daving the
sight peay peviod In the SEHD s, malara prealence
was Jow and showed 2 Slight dedine bedore 2008 and
the campasition of P @kipavam dpind Line] was andy
slightly highey than P wweax {green line] speces Sinoe
2006 howeyey the praglence of malaia seadily n
omeed in the zie The P @liprow indection was
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Figprn 1Trardef sorfimmid malana pravaking by agh proup ard piar, icuthesiz Bhicgia, S b WG Sugaiy, X7

normsa] avoessively and rmched its peal in 2009 and
declined the fallaning twa pars. The muoeaent of ©
warax prevalence Bas e radwml and it reached it
highest Jevel in 2008 and showed 2 varp gradwml decline
simce then dFirase 2.

Malvia prevaiene was decreased bath i SEHE and
cantral sites from Sepiember 2002 0 Aarast 2009,
then the patterrs of makvia predlence in the sites
Fadmily follawed different pattems. In the conteal site,
the prevalence of mabvia had bean avcess iy higher
sinoe Septenber 200 Pram Sepember 2000 anwards,
the malaria peeradsmos wos vemainsd at higher Jepek
thoaghaat the pear and drapped sharply in Saptember
2005 and fother redacel in Decamber 2005 Pram
March ta September 2006 there was 2 peah daving
the siv manths. Prom September 2007 ta Julp 2008
the highest rise of malaria preralence was rotied in
the ocontral sie There were shill peals of makra

prevaleruoe apident in the avea during Ssptemaber ta

Decamber 2002 and September 2009 to Sspbember
2010 for aboat twe mabeeguent pears andil it dnopped

dastially atmast ta zera lewe] n Septeamaber 2011,

In the GEHD zrea, mabvia praglence was Jow st
ing fram December 2002 0 Sepiember 2008 with twa
amnall rises daring the s=zcan of Saptember to Hawember
200 and 2005, Howeps, there was pevsisient and gad
&l inoremient of mabra preralence daring the subce
qaemnt foar pexs with peall taTerission of diflevent
magnitade daring the manths of September 20007, 000G
and 2008 The pal in 2008 caincded with that of the
mndval 2rm peal and the vise of preraleoe in Septeraher
2009 vas fhe highest ane in the GEHD avea Since Mach
2010, mabra preralmce has decrmsed seadil in the
SEHT area a5 vl {F irave 2.

The awage monthly dietbation of mabkvia prea
lerce evhibited diffevent patteTs betwesn the stady

Y
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st Genedllp beo major pale were moticed o the
cantial zite Jred Line]. One peall was daing the sttt of
wing 1 Pebormp ta Mayp and the ather one wes afier the
havy vamBll from Zepember ap ta Demmber, The
cantribration of P falipoam (gan line] and P oweax
iravy lins was amoct the ame daing the fist wawe
brat the P fhlspawam contrdaton was foand o be
highey daving the Saptemabey o Hovember peall bars
TEsian i geresal noombaat the peerdene of ralra
i SEHTD aite dpind lire] shawed ame mags pall which
was fomi September to Movember and of seltieely
sharber duaatiom The mcrement of mabra preglene n
SEHD site was antively dae ta P falipaam brown Line]
indection which oooars amaally n the fom of apidentics
Thee contrbration of P wx dgreen L] was very Jaw and
almcest comstant thoeaarhoeat the s JBgrare 1)

[¥iacsaion

The ezene of this stady was ta estimate and ompave
the preagience of mabva, detfp poeshle shift of P

Modiom specie mnmpasitions ary time o the bva b

lities fromt the aaibhle &t of fhe halth sobos
The stadp @reidered andy Iep individml chamctenistis
dage and s=] dats of dagneek, dagnass agtoame and
addiezs of the e n an dtempt bo nuninze the aaaal
lmittions of secandayy dam sach as incampleenes of
infarmation In the ountp, mosty malbria Qs are di

armassd ard trmted at primarp hedth @re Jopel Hedlth
extentiom warless wha had been tained and depiaped

at villge Jepd since 2005 [A5]) @n condac akea rapsd
diagnestis tests for ebva and trmt ancamgplcted
Eses 2t heatth posts el which ave pavt of the o imay
health @rve vnit Sach expanciem of halth ssvices at
Fss oot lewd has inoresced amesibility to heatth e
iEs and hence there has been veparts of pozitive health
aaioames [2550). Yet the twa stady sites have been ey
pazad ta simiby mprovenient mohaith deliverp spsham
and sach changes woal not ompramiss the campar
ahility of distribatian of mabria n the twa e kare
arey 2 the stady dalt with a reltively Brge eot of &,
the appeeaance of findings doe ta chane & axpected tabe
runimized Thas thi retocpedie hathmre sovioe
based stady i beimed to have aseeaced the distvibe tin o of
mabvia aver 2 peied of sight pars by persan, phos timne,
and rpeeitiom of Aoy Specie.

The prevglence of malavia vas =il higher n
the contral sie and chaactsized by ssweral peals of
trameamiiss iom theaagh the timeline mreidered Lvespect
ive of the s=leap of Jang Beting, meacticids treated
bed nete [LLIHE] zincee 2005 |5], the namber of @z
stemdily moreased from 2008 1o 2008 wihen it seached
the highest Javel in both shodp cites Bpeciglly, P falip
aid Tkra showed a dwastic yiee in the SEHD site
daving that period, possbly doe to resiEnos Jasap
et by makya wedor mosgaites ta DT PSR W
and pavthy Malathiomn S0 1 that was in e foar n
daar residml spraping (IS in the ounbep s 1960:
amtil malavia vecior yesistmos ta DDT was detected in
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2007 |51 Z2), The morement of malavia @ss n SEHD
site was still by By bedow that of the contal sibe despite
of the myler yeport of 2 stodyp [22] which wes oo
ducied a pexr aftey the mretractan of the dam 2000,
that irdsated highs ridl of maaia mdection anang
chiddren wha lived within theee hdometsr @dias of the
SEHI as canpaved ta thoes wha Tvad aight ta ten lia
Ty awap fom the dane Againg 2 noe mecsTd yeport
of langitodinal srady of the samie arm shawed that theve
was To signifiant makvia vkl diffeemcs Betussen chil
dren wha lived in vilbges nemy ta the dam and thase
wha lived awayp fram it and mabvia was yeparbed o be
highly s=asomal diiven in the Trm [22]. This imples that
2orss makvia vl dee o the dam constroctiom was nat
ez lp evident avey the lang pevied of tine 2z By as i
tepentions @ moplace lile ather Talvioas aveas

Aufbey 200 i the SEHD aned 2010 in the condral sites,
zharp dacline of the nuamber of makria Qe was ma
ticed, possbly dae ta the rephoement of ald 1Lk in
3009, Inllowed by shifting of meecticide vsed for IS in
H010 o detemethein o bendiosnh meecticide=s 21,
fach mincidence of intepentions fllowed by a dastic
drap of mabvia was aka revmlsd by other findings
11750 5¢] in ather Afimn ounties The saggests the
need for the effective combined nierention methods
using 1S with poverd meecticides and 1170Ms as -4
denoad by diffevent stadies 2 20], a5 wall 25 the muesd
ta maniny ireschicde razisanoe of mosqaines.

The contrbwation of P flipram was higher J&1 5
¥ 529 i S5HD sie than contral sibe This prapar
tiom of i falcipaom in SEHD sibe was simiby o hedith
facility based stodiss in Bthicpia [19,.21] bat Je= than

ather loml findings B4 L07] and sl by &y Jows than
ather Jo=l findings of mmrvanity based saveps E915E
howepey the poopotion of P ks proam n the contal
Trm Jower than the neport of heatth facility based stady
findings in Ethiapia The wapartan of P weax ralaia
was abae LR axoept mo 200N and 20029 when it s
25, 1% and V9, respectivety. Bopecalip the oo partiam
of P wwx was highsr 0O% v Z5EK] n the contal
aite which night have cantibatad ta the higher lawd of
malaia prekene mothe sie s it aoarved almast at
the highe and shle level daving the tine peicd
T dered

The present shady shows that Slghthy niore T were
affectad than females which ave simday o othey findings
K192 27 and, &l age groaps wers fand ta be saecep
tibkr o makria Howewrs, children were more affectsd
than adalt, especially thase n the age @angs ten o o
Een pears wee dipropartionally affeded Sinillp.
athey stadis haoe reparied sascepthility diffevence that
children weare mare afiectsd RE49] than alder age
gy, bat ather stadies hawe reporied moe sacoepti
bilitp in aduht age groaps [VES0]: the Btter might be
amrfrandad by athe Boors

Mepooting by sbsakate rambey o proportiom of e
@n be misleading anless the dmominator of =ach age
Ategarp is consdevs]. Por metines, in thie finding
Tahle 1 shaws that the proportiom of adult @ees &
highey by mangy 23 than that of chidran howerer on
sideation peeilenoe (Firare 1, which fles b ac
oant respective deamirators, points oat that the
childryen wee acbmlly the most affectsd ores The fct
that children aged fram ten to foabemn pars were more

113



Zinae2 al falaradouma’ 214, 12133
e Aoyl s st mal Cim Ao AN L0 5 A 01

affected than those bedow 0 pmrs saggests not saccepti
bility differerce bt evpoave differene, och as giving
priarity 1o mall chidyen in the ase of 11 1k This inples
that mahsis of ertent of mabva barden resds to Ehe nio
cansrdeation the bass {denaninainy] papakticn

In thi stady. the aee of szcondavy data maght hawve
ard erestimated the evbent of the mabvia barden in bath
sites Howews, this condition woadld not intradace 518
termtic hias in the aratpsi and campavian of trends of
mabvia preralence, 2s bath sibes mght hawe 2 similr
chanwe of mssingi@Eptaing mabva records. Again,
mabra tregtmerd in goremanent heatth @rve sarvicss s
foar free m Pthiapia, za that mast of the mabva @, f
nat all, ave evpastad ta ke more dtacded © laal gov
emTient halth e santoes than ta penae heatth et
tations, which are on papment basik Thevefoe this
stady & believad to hawe veflected the troe pictawe of
mabra barden and its trend in the stadp sies

Lomec| wsione
Malkry @ aaarretos appeaved o fallaw diffarent patherms
in the twa shady sites. Twa smcoral pall banem s
were armaally abeerved in the ool sibe dae ta bath *
falépaiom and © oweas mfedtioms Howsssy, only ane
shot seasonal tansmission was notiosd in the SEHT
site due to P faleipeam while tananision of 2 vaax
infection was o kw and omretnt kvd theaaghoat the
conziderad peaiod The dhart davatian e of P falap
A Talra in oSS HD mples that malkvia was diiten
by seasonadl infraence bt not dae to effect of the dam
which would otherwise ndiced percictent tanem s ian
of langs daratan of the deegs

Al age mroape of the popalation were affecied by mal
aria: howewrs, the ot that chikdren in the age ooap five
ta frarbest pars were mare affecied by the domes 20z
Fets noat higher susceptibility Jeisl baat higher sposare
stz due o Jeis otention Ziven to these alder children
than the umndey five pmrs of age Thevefore, due attention
nesds ta be given to thi age atagary Dgaths with the
“aneerah b segments of the papalaton
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Dynamics of Plasmodium falciparium and
Plasmodium vivax in a micro-ecological setting,
Southwest Ethiopia: effects of altitude and
proximity to a dam

Lekica Sena™, Wakgari Deressa”™ and Ahened A1

Mlbestract

Badkground: Refiring the spatial and tempornal data on malana traremissons at 2 defined scclogical wting has
pracbcal implications for targetsd malaria coniral and enhandng effident alocation of resounces. Spaoal and
temparal dismbution of £ feinpanum ard P weee wene siplored 2round the Gilgel Gibe Hydmoedectric Dam (GGHD
in southravest Ethiopia.

Methodk: A revew of confirmed malaria episodes recorded over =gt years at primary heakh sendoes was condumed.
Using indwidual identifiers and willage names malaia records were cromdinked o kocabon 2nd indrddual records of
(Gailged Gibe Health and Demographic Sunssibnoe Sysem (HDE5) data, which had albeady been geo-referenosd. The
shudy setting v cateqonized in to bufer zones with dstance interaal of ore kilometer. Similarky, abiude of the aea
vezs categonzed corsidening 100 meters heght interdals, Inodenor @ie ratics were eximated wsing Poisson mode for
the buffer 2ones and for the akitudinal levels by adusting for the underiying popualation demity 25 2n offset vanable.
fearky termporal warzbors of all confirmed malaris cases wene also svaluated based on the Pokson modsl wsing STATA

stabistical softesans wersian 12

Besultc & considerable proportion (4508 of the B feciponum episodes weee registered within one kiometer radius
of the GEHD: 2 alosanom showesd increment with distarces from the GEHD up 1o free dlometers and with altiude
aborss 1900 meters while P wea exhibited the ircrese with dstance but, decreass with the akibude. Both speoes
shovaed sigrificantly higher infection amang males than fernales (P <001}, Temporally, malnia epindes man fested
significamt increments in the years betwesn 200647 1o 200910 while reduction of the malaria episodes was indicabed
during 200455, J005% and 2MNMQ 1 compared bo 20549 (P 0011 On average, 2wy was 53% les than B Bicipenum
orer the time period corsidened. P wivas ves sigrificantly higher in the years 2008°% to 20078 and 207011 (P <0001)
Condusions: Spatial ard termporal varsbors of malana were obssreed. The spatial and temporal vanzbors of malans
episodes veere also different for the two main malaria speoes inthe aea

Keywords: Ethiopia, Glgel Gibe. Malana episades, Spatimempanal dyramics

* Conmponceros: elagneiomal oo
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Background

Thee level of malara ecourrence is determingd by the interac-
thois betwern Mlaswodiun parasite, the Amsphicls mosquite
vertor and the human host. The cyde of interactions, and
consoquenily, the malara tmesmssion dynamics & deter-
mimed by the eoological miche even in & small gengraphical
area [1,2]. Hence. anthropogenic interfierence of the phiysical
ovircmment isevitabdy modifies the extating oquilibriam
oycle of the disease transmision patiem 3], Simce malaria
trarsmbson intensity varies geographically, the disiribation
af cases and subvequent morbidity rate may eodhibe sysem-
arc spatial variation [4]. Therefore, the need for understand-
af mbcro- gangrephdc level has been emnphasized [5-7) for
targeted oomtrol masare applieation

Currently, Ethiopia is undertaling constroction of krge
hydrodectric dams [8.9] and irfgation schemes of differ-
ent scakes |10-12] as part of developmentad activities. This
Im twrn cam heve ispact on vector borme diseices, nclud-
ing malaria as the result of epvironmenta] modification
D 1o humnam impseed environmental modifications, risk
of makiria has been predicied 1o incresse im East Africa
[123,04]; om the other hand, well desigped water projects
are twught o economically beneit the residents of the
dams vicimity and enable the commanity to stremgthen the
disease comtrol programmes o overcome the sdverse
health effects [15,16]. However, the edent of health im-
paect of hvdroelecric dams cn local comenunities closer 1
such dams is less siedied

A couple of local sudies indicated increased risks on
milaris were assockted with prosimiy o water develop-
meenit schemes [17-19] all those sudies were of oros-
sectional matsre in design to capture temporal influcnce
However, a follow up stsdy an childeen twie o nine yeurs
reported that risk of malaris infertinn doe to proximity 1o
hydro- power dan wes insagnificent [20. Sdll & few other
longiudiral sudies [21,3F) repaned presence of malaria
hot spots and heterogeneity of the dscase at somne relatively
wider intervals. Abtinedinal dse of the discase bas been
reported by some siadies [23,24), though not reported wsi-
ally by species. Moreover, sbodies done cleewhere [25-27)
reported that procimity 1o waler sourors was st found 1o
b sk Factior Bor pnalasia, bt other Botoes.

Hence, identification of those at risk areas and seasons
provides strategics for targeting timely and locally ailoned
inberventions |28.29]. Cuantitative desoription of the spatio-
tempora] dyveamics has practcal implications for the devel-
apment of malarks conteol and efficient allocation of
rescurces [30.31]. Spatial investigation of geographic limis
af transmission & also weed o develop o predictive spatial
mendel of melirk transmdssion, o fecilitate o makoks oo
tred strategy based om geographic stratification [32]. To
and effert of envdronments] Getors, a dear kiowdedge
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abowst the dymamics of malaria in @ particular area & bm-
porant o plan betier prevention and menigement sorat-
egies [33). Thenefore, this siudy was conduscind to emmine
the roke of peoximity o s hydoelectric dam and altitade on
the spatial disribation of P Gal-dperium and 2 wha.

Methods

Study serting

This record review was comdocted in an area survoundieg &
man-made ke, Gilged Gibe Hydeodecoric Dam (GGHD),
which has been operational since 2004 [34]. The area & a
Health and Demographic Survelllisce Sie (HDES) [35]
which inclisdes sumounding village: within ten km redics
af the (GGHID with abaowr 5000 residents used o e in
the willages. The area & fsd within altinede range which
favors mmsonal melirs cansmisdion [17,20].  Desiled
descriptions of the study setting have also beem given clee-
where [173637]

Study design
A refrospective pecord review sisdy was employed using
data froen lecal health services (health cemters and health
posis). This wes done by reviewing malaria morbidiny
records of local health facilities in villiges incladed into
the Gilgel Gibe HDSS. Using individual identifies
(pame, age. and sex) and village names, malara positive
cakis were cposs-linked by carefi] inspection to kocation
aped individual records of the HDSS data which had
already been geo-referenced (each bouse inothe HOSS
his geographic information system (GPS) peoords).

Soawce of data

Im Ethdopia, malaris cises are treatind both dinically assd
as confirmed maliia in sccordance with the MNatkonal
Guideline [283%] depending on the degree of disgnotic
capabilitics at different bevels of the bealibrare system.
Bath the presumptive and conflrmed cases ane

on preformaned reglstration books (log books) at health
care levels and reponied bath weskly as well & monthly
1o thee miest hagher leved of bealth management system.
The correnst study incloded all malaria positive reconds
of the local primary healtheare onits that were withim
thee Grillge] Gibe DHES villages, registered by the primary
health care wnits bepween September 2000 ard August
i1 wis reviewsd The timeline consideration was based
on dats svallability and the fact that siamificant charge in
the pramber of malars cases, soch s epldenics, ooours in
oyelic fashion from fve o dght-year perods in the ooun-
try [#0-42] im ceder that any Socoastion of such opde
could b captured.

Data colbection techniguess

A format was prepared on a compuier spreadchest
(Excel] to collec the secondary dara from bog books of
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local government primary health care units. Individiaal
leved data on malaria morbidity, soch s, disgreos pesalts
[negative, species of Meosodion for positivest dates of
disgpeeees; avallable demographic data {residence, age, sex)
were reglstered o the computer spreadsheet. All recoeds
af malaria cates wha visited the health instivations durieg
the designated time were included in the spody. Reconds of
cakes with Incomplete records, such a5 dates of health ser-
vice visit, age, addeess, results of disgreais. wene eucloded
from the analvss. Forthermore, cases whose pames, sex
e age did not redate o the geoereferenced data of the
Gilged Gibe HOGS wene excluded from the spatial analysis.
Accordingly, & tofal of 1843 reconds of malaria positve
cases were Inked to the geo-referenced HIDSS data, which
hies deita on houschold member st with individusl, house-
held and lecation identities (10) as well as GPS readings.

Data mansgement and pacoicting
The data an malaris positive reconds of the healthcare in-
stivatiodes of the sty gite were trssdermed to Exced spread-
shoeet, checked for completeness [date of dignosis, tea
results, patient age and sddress). coded: then, prepared
dats of maliria cases were coported o STATA statistical
software version 12 Episodes of maliria were considened
instead of number of cases for the analysi The sbody
setting was categorized in o fve bulfer zones considering
distance imterval of one kilometer. The alitude of the area
was aleo categorized Ingo siv levels as up to 1700, 1701 1o
1RO, LBOD to D900, 1900 co 2000, MM to 2100, and shove
2100 meeter above sea level (masd) taking inte socount the
narrow range of this micro-epidemiclogical setting.
Incidence rate mto (IRE)], which & agaivalent to odds
ratio in the Pokeon regression, wis estiated using Discrete
Poisson mode for the baffer sones and for the alirsdinal
levels, The pumbers of ke popultion in the bufer ones
aned in the ranges of ahtitude were incorporabed as an offoe
variahle to edjest for the undedying population desdry
whille computing the [REs amaong both the buffer zones
and megrs of the ahtitade Funthermone, the inter-anmasl
trend of the malria episodis over the stody years conid-
ered wis analveed both for all positive cases and for £
vhar malaria redative o P flcpeniun using the 1RR 1o
detect charge in magnitede of the malana eplsodes by
veart pelative to the iniial vear.

Ethécal considerations

Ethical cleamances were obtained from the Addic Ababa
University College of Health Scienoes Ethical Review Boaed
] Cwoinia Regional Health Buseau  Ethical Clearance
Comnmittes. lims Zome Health Offior and the respoctive
District Health affiors of the shudy aness as well as bocal
wdministrabors were commnunicated by formal betters writ-
ten from the School of Public Health of the Addis Ababa
University and Oromia Regional Health Bareas. Individual
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infoemation wis kept confidential and the names of indi-
widuals were removed from data and identified anly by
identification mumbers and the resolis were oommeanl-

cated in an aggregated manner.

Fesults
A total of 53,624 malana epiodes were reconded im the
Gailgel Giibe HIDSS site over a period of eight vears of
which 5,605 [47.7%] were records of dinical makiris
amsd 23,019 {523%) were conflrmed malaris episodes. Od
the positive cases, P jeloipariom, P vy amd mied
speciies constitsted G04%, 336% and A0% respectively.
Canly those reconds to b linked with bocation
idemification of the Gilgel Gibe HDSS {10443 cpisode
recopds) were analyzed for spatial diswribution of the
diseases [Tabde 1] while &l the confirmed positive mal-
aria pecords were considered in the temporal analysis.
Thee species compaosition of the geo-referemced malaria
eplsodes were P falciparium (BI2%L B vivar (12.6%)
and e species (8.2 Generally, the contribution af B
Jalciparia was higher near the GGHD and propantion
af B whey exhibited increment with distasce from the
GEHD. Overall, 38.4% of the eplsodes were reoordod in
a distance of s than one kilometer radios of GGHI of
which £ falcparim and P whay ecooumted S1.0% and
100% respectively. Im the butfer 2ome ane to twe kilo-
meter radius of the GGHIL where about & quarter of the
malaria episodes were recorded. P falcipariam contrib-
uted B8.2% while the proportion of P was was 22.5%.
I the buffer zone from two to three kilometors radbes
P falcpariune and P wivar socounted for 617% and
I7 8% respectively. The proportians of P ke ipariune in
thee baffer 2ones from three to four ard four 1o five kilo-
misters were 55.9% and 37.6% whils that of P. wivay were
A% and 48.3% respectively. Beyond five kilometers,
the proportion of 2 feinperian showed sharp decline
i 7 3% while that of 2 weae noe o 918%
Distribution of malaria episodes showed dfferent pat-
terns within specis o well amosg the bufer aomes.
Undike 1o B wiwie (151%], 36.4% of the P folcparion

apd 394% of mived species cpiodes were registered
within o kilomsster radivs of the GGHDU

The proportions of P fafalparium and P Wiy recoeded
in thie buffer 2ome range from. o bo two and two o three
kilometers radis of GGHD were similar, which were
26.5% and 14.8% for B flcipariow and 267% and 20.0%
for 2wy nespectively. On the other hand, only bess than
four im ten (3.6%) coses of B Glojparin but recognizable
proportion [19.5%) of the B ey epieodes wene rocoeded
beyond three kilometers radis of the GGEHD.

Oy less tham 009% of the malaria episodes were reg-
wtered to oooor in the bower ahbtude of wp to 1700
meter above sea level (masd). Majority (79.2%) of the
malaria episodes were registered in the altinde range
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Table 1 Diseribaition of malaria cases by da, distancs Toem GOHD, altinede and Fladmodium Speoked, Soulhveae

Ethiopia, Sl mb-r MBIFHII
Wariablay Cabegories Diagnou (pechs of Mramodium), M (%7 Total
. falciparium P wheax dinnd
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frcen 1700- 1800 mas] where 20.2% of the 2 jfldparium
and 74.3% of # Wieex malaria episodis were reconded and
the compoesition of P fkiparas amd P sy were
70.0% and 21.7% respectively. The next larger number
(12.3%) of malaria episodes was registered in the altinede
ranggy from 1800- 1500 masl. Im this einsde ramge, 11.9%
and 14.3% 2 fGkjpran and 2 weax were reoorded and
the: propartions oontribated by 2 fab (paron and 2 sy
were 56 9% and 272% respectively {Table 1).

As distapoe iscreases from the GGHD, the oooormence
of £ jeloparium makira increases significandy up e fve
kilomeeters (P <0001), conbralling the effects of altibode.
age and gender (Tahle 2). The 2 felcpenius maliris was
38 50, 37 and abour 3 tmes moee likely 0 oooar i the
butfer aomes from one to two km, teo to three ki, thiee
to Bovar lom aeed four to Bve kon respectively compared to
the cocarrence of £ flapariiy malans within ane km
buffer zonie of the GGHDL

Ipcreasing ahtitode showed megarive correlation with the
oocwrvence of P fdoparium malaria up 1o 1900 masl, boa
it exhibited positive ascociation & altitude increases above
1900 masl and the comelation wes significape (P 001L
Alivodes in the range of 1901-2000 m, 3000-2100 and
ghove 2100 were 16, 25 and 16 times more likdy 1o

increase the rikk of 2 felparion malaria compared o
altitude wp to 1700 masl. Regarding oo the risk of . falo-
parum indection ameng dferent age growps, children in
the age range ten to fousteen years were affected more
sigmificantly tham the other age groups (P = D4). The risk
af 2 falripariom malaria was seen bo be significantly higher
amsongg, males than females (P <001 when the effects of
distamor from the GIGHIY, altitede and sge are oonbrollsd
i Tahle 2.

Om the other haed, & distance from the GGHD in-
creases, the ocoamence of P wivas malirk increases oon-
sistently and significantly {I* <[LD01 ), keeping the efects of
altiude and gemder constant. The ocoomence of malaris
in the buffer 2ones from ome o Dwe kmy, bwo 1o theee kom,
thinee: 1o four ke, four 1o five ke and bevond Bve ki was
98 dmes. 1306 times, 119 times, 52.0 cimes and 607 times
mie likely o occur compared to the comerrence of P
vivals malaria i the buffer zone within e km radios of
the (GHD. However, increasing ahibode was negatively
and significaptly assoclated with the ccownrence of P
it malaria [P 200000

Childpen uneder the age of Gve yeas were found to be
more afiected by P wiar malaris than the other age -
egories. The risk of P wwar among childeen five o nine
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Table 2 EMecs of proximity 0o a dam and altitude on Plasmodivn fabosaniim malaris southwest Ethéopia, Septaember

2003 ro August 2001
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== Fi-] = | =Rl s L1d
114 110 = | % Lo 103 LI
13 = (Fi] Cid =hid 1) (=
] Ml 1
Frimnade il = am 1151 s

years, tem io fourtcen years and adult age growps was lss
by about 9%, 16% and 11% respectively compared to the
risk of # whax in the wnder five years of age childrem
There was ako higher chance of P Wy malins risk
amang maks compared to femeles keeping the effects of
altitude, distance from GGHD and age constant (Table 30

Orwerall, there was reduction of showt 70% and 50% of
mularia episodes in the years 2004/5 aned 200506 respoct-
ively comspared to that of 2002/4. However, since 200617
imcrement of malaria cpiodes wis evident up to 2010 In
200617 the malaria episode increased about 14.9% as com-
pared to 20034, In che following thece years, the incre-
meent of malaria eplsodes was 23 times, 2.9 times and 4.1
times meone likely higher in the years 30089, 3009 10 and
2011 as comparsd to the ahserved episodes of malaria in
the vear D034, In the year 2011, the maliria episodes
showed reduction of 14% which was statitically insignit-
cant [P = 03

On average, P wvax was 52% lower than £ feidparium
aver the shsdy period conddered. The rate of 2 whax
imcrements were 130% and 40% in the years 200405 and
256 respectively as compared to B fldparioan opl-
sndiss those years. In the years 20067, 20078 and 20000
2011 there were B0% P iy rabe InCrements oom pared
to P falciparine daring the samee time. O the other hasd,
in the pears 2008% amd 300D, theee were reductions of

B vivax episodes rate by L0% and 16% respectively though

the reduction was insigmificant in 20089 (P = D.06)
{Table 4).

Discussions
This shedy sssessed malaria transmission inteesry level
spatially within the proxmity of GGHD taking inbo
acomni posble influence of atmde on episodes of #
Jeldpariun and P vhax malaria Temporal trend of all
psiive episodes of malada over am efght year period was
alen examnined

There was varlation of speckes with respect to distance
from the GGHD and albudics] bvels From dewcriptive
analysis, it was apparent that most of 2 Glojparim malaria
have ocourred nearer o the Dum, within two kiloeneter
radius of GGHD and showed redoction with distance from
Dam. This finding & in line with previcos bocal stodies
(154344 though the cardier Gndings were not reponied s
terms of plaamadion gaachs compositon. However adjust-
ling for the population density pevealed the risk of P fnlalpar-
dui Infisction was higher beyond one km redics of the Darm,
expecially in the baffer 2one two to theee ko of the D,

The spatial duster of & Gldpariun i g snall geograph-
bral area s also compatibie with other findings [122,4548).
Huvwever, the camrent finding & in costrast 1o peesious local
findings, where the risk difference for P folal parios
between children who lived within three kilomeeter of
GEHD amed bevond eight kilometers was linsignificant
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Table 3 ENecis of proaimity 0o & dam and altitude on Plermodion vivey malas southesst Edhiopia, September 2003
o August 2011
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[17,20], implying proximity to water bodies alone does
not increase risk of the discase. Again, another study
reparted that distance 1o water body was reposted not to
be supificantly assockated with prevalence of P. falcipar-
(o mualaria [26)

However, the mugnitude of P. faljperium malata ex-
hibited increment with altitode above 1900 masl, ionplylng
the up scrolling of malaria to highland areas possibly duoe
to change in climate varables & bad arcady been evt-
denced elsewhere [1424). The fact that P falciparbon
prevads In the arca malndy for short period of tme follow-
ing heavy rainfll fram September to November wasally in
the form of epidemics |47), might have played a role In
Increasing the number of cases with altinsde, as moee sus-
ceptibde individuals are exposed to the infection for rels-
tivedy shoeter duration due 10 the wive of epidemics.

On the other band, £ visx maliria episodes exhibited
decrease s altitude increased, espedally starting from 1500
mask however it showed persitently sgnificant Increase as
distance increases from GGHD (P <0001). The decrement
of £ vivax malaria episodes with increasing altiiude was
similar to anather finding [48]. The peoportional increment
of £ wvex malaia episodes with the dstance from the
Dam was e agreement with a previous Jocal stady which
indicated that, unlike £ feloinarium malaria, moee £, vivix
malariz among ditast communities was comparable to
those dose to a lage dam [9; however, the underiying
ratsonale is not dear and neods further explonatioes s the
P ovivax has beens given less attention and ender stadied
[49] in spite of the fact that it pases potential severe healdth
consequences [50-52).

Pestaining to the wend of the discase, P falolparium
malirta significantly Increased from 20067 to 2009/10
(P <0.001), compared to the 200314, but it was lower in the
years 20045, 2005/6 and 2010/11. Such pessistent acre-
ment of the episodes of 2. falciparium could pessibly be
due 10 redstance development by malarka vector mosqul-
toes to insecticides that had beens in use for indooe residual
spraying (IRS) in the country for about balf of a century
until vector resistince to DDT was detected in 2007
[53-55]. The noticed decline of £. frldparium maliria epi-
sodes after 2010 could possibly be due to the replacement
of old LLINS in 2009, and shifting of insecticide wsed foe
IRS in 2010 w0 deltamethrin o bendiocarb insecticides
[53] such coincidence of interventsoes followed by a sharp
deop of maliria episodes, had also been reparted by other
stcies [56-61] whereas weabened interventions and devd-
opment of resistances of the vector to Insecticides and the
parasite to drugs have been documented to associate with
the resurgence of the diseases [62).

The decline of P, falcipariom malaria eplsodes betwoen
20045 and 20056 might ako be anributed to the scake
up of Intesventions, Incduding LLITNs [6364] following
the lirge scale malart epidemics of 2003 [6566] implylag

Puge 7 £ 9

the meed for monitoring the major maluria Intervention
tools such as IRS & LLITNS, the effectiveness,

Conclusions
There were both temporal and spatial vardations of mal-

arla episodes during the study period. The rise of malaria
episodes between the years 2008 and 2010 was due to P2
falcipariean where the contribution of #. wiax especally
during 2009 and 2010 was lower compared to 20034
Spatial distribetion of the two species was different that
though both exhibited incresse with distance from the
Dam, P. vivax episodes increased by many folds constantly
as distance Increases from the Dam However, P vvex
episodes were limted mainly to rdatively lower altitude
range. Regarding to the increment of P firlciparizon with
altitude and that of £ vtz with distance from resesvoir
of dams, further exploration is seeded.

Given the higher propartion of £ falciparium that con-
wributed to about two-third of the malaria episodes of the
area, and the fact that stlll more than two-third of the P.

Jalaparium occurved within two Mlometers radies of the
GGHD, k demands 3 vigilant moaitoring of the disesse in
the area and sustalnable interventions. Density of the base

population needs to be coesidered while conducting
spatial analysis of diseases, which Is maostly overlooked.
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ORIGINAL ARTICLE (27 Nov. 2014)

CORRELATION OF CLIMATE VARIABILITY AND MALARIA:
A RETROSPECTIVE COMPARATIVE STUDY, SOUTHWEST ETHIOPIA

Lelisa Sena® 2, Wakgari Deressa?, Ahmed Ali?
ABSTRACT

BACKGROUND: Climatic variables can determine malaria transmission dynamics. To see the correlation between
malaria occurrence and climatic variables, records of malaria episodes over eight years period were analyzed incorpo-
rating climatic variables around Gilgel-Gibe Hydroelectric Dam and control sites.

METHODS: Records of 99,206 confirmed malaria cases registered between 2003 and 2011 were analyzed along with
local meteorological data of the same duration. Data were analyzed with SPSS statistical software version 20 for Win-
dows. Spearman correlation coefficient was estimated as a measure of the correlation.

RESULTS: The major peaks of malaria prevalence were observed following the peaks of rainfall in the Gilgel-Gibe
Hydroelectric Dam site. In the control site, the peaks of malaria in some years coincided with the peaks of rainfall, and
the pattern of rainfall was relatively less fluctuating. Mean rainfall was negatively correlated with number of malaria
cases at lags of 0 and 1 month, but positively correlated at lags of 2 to 4 months. Mean relative humidity showed signif-
icant positive correlations at lags of 3 to 4 months. Monthly mean maximum and minimum temperatures weakly corre-
lated at lags of 0 to 4 months.

CONCLUSIONS: Correlations of malaria and climate variables were different for the two sites; in Gilgel-Gibe, rain-
fall and relative humidity showed positive correlations. However, in the control area, the correlation of weather varia-
bles and malaria records were insignificant. Exploration of additional factors such as vegetation index and physico-
chemical nature of mosquito breeding site may improve understanding of determinants of malaria dynamics in the
area.
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INTRODUCTION

Malaria has been a major public health prob-
lem and a hindrance to socioeconomic development
in Ethiopia (1). Clear knowledge of the driving fac-
tors of malaria dynamics in a particular area is cru-
cial for better planning and implementation of pre-
vention and control strategies (2). Trends of malaria
and composition Plasmodia species vary over time
(3-6) due to different factors such as previous cli-
matic factors. Climatic variables determine the dy-
namics of malaria by limiting the survival and lon-
gevity of malaria vectors and the rate of Plasmodi-
um development in the vector mosquitoes (3, 7-10).

Some studies underlined that climatic var-
iables partially or fully (11-13) correlated posi-

tively with monthly incidence of malaria, where-
as others reported different levels of correlation
of climatic variables with malaria occurrence in
different eco-epidemiological settings (14-16).
Brooker et al (17) emphasized that the distribu-
tion of malaria is determined by climatic and
other geographic factors that affect vector mos-
quito and Plasmodium reproduction. However,
still other findings show neither association be-
tween the number of malaria cases (18) nor
trend of malaria vector populations and climatic
variables.

Environmental factors such as changing
rainfall patterns, water development projects
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and unusual temperature increase can play great
roles in malaria transmission dynamics (19).
Moreover, anthropogenic disruption of the natu-
ral equilibrium of environment inevitably modi-
fies the malaria transmission dynamics (20, 21).
Thus, understanding how malaria varies in a par-
ticular area as a result of changes in environmen-
tal factors is of paramount importance for the
planning of malaria control programs (22).

However, the transmission pattern of ma-
laria with climatic variables is less studied in a
modified environment, due to human activities,
relative to an unaffected area. In this regard, this
study assessed and compared trends of malaria
for two sites-villages surrounding a hydroelec-
tric power dam (GGHD) and similar control vil-
lages without a dam. The study incorporated
climatic variables (temperature, precipitation
and relative humidity) to see whether these var-
iables play a role in the pattern of malaria preva-
lence in those sites differently.

MATERIALS AND METHODS

Study settings

This retrospective record review comparative
study was conducted in two rural settings: one
site near a manmade lake, GGHD, and a control
site from an area far from the Lake. Gilgel Gibe
Hydroelectric Dam (GGHD) is located 260 km
south-west of Addis Ababa, the capital of Ethio-
pia. On global positioning, the dam is found at
07.4253%t0 07.55589N and 037.11530 to
037.2033°E. The area lies within the range of
mosquito breeding altitude. Surveys conducted
in the area (23-25) have shown that the preva-
lence of malaria among children was higher by
many folds than the national malaria indicator
survey results of 2007 (26).

From the District, only two kebeles (smallest
administrative units) are found within 10 km
radius of the Dam, and those villages (Dogoso
and Siba) were considered to be influenced by
the Dam. Thus, they were included to the study
villages of GGHD. Twenty-seven other kebeles
(villages) of Kersa District, excluding Dogoso and
Siba, are malarious of which 21 are labeled as
high risk villages eight of which designated as
control villages. A previous study also indicated

that the prevalence of malaria was high in the
control site (27). Like GGHD areas, all those vil-
lages have health posts staffed with health ex-
tension workers; the residents had similar living
patterns. Additional description of the study
sites was given elsewhere (28) and figure 1
shows the position of the study sites, including
small towns in them.

Study design

A retrospective record review of malaria cases
and meteorological data of the same duration
were carried out. Monthly malaria morbidity
records registered between September 2003 and
August 2011 in local health facilities pertaining
to villages within 10-kilometer radius of Gilgel-
Gibe Hydroelectric Dam and in those health facil-
ities of the control sites were analyzed along
monthly average climatic variables. The monthly
means of both minimum and maximum tempera-
tures, relative humidity and rainfall of local me-
teorological stations of the two sites were incor-
porated into the analysis to examine the correla-
tions of malaria and climate variability over the
eight years period. As major changes in malaria
transmission had been recorded to have oc-
curred in periodic cycle of between 5 and 8 years
in the country (14, 29), the time for this study
was limited to eight years.

Source of data and sample size

There were eight health posts and three health
centres in the GGHD site. In the control site,
there were also eight health posts and a health
centre. The malaria episodes data were collected
from those health institutions within the catch-
ments of GGHD and the control villages. All ma-
laria episode records kept in the health institu-
tions between September 2003 and August 2011
were reviewed. The meteorological data (tem-
perature, humidity and precipitation) of the
study sites were sought from the National Mete-
orological Agency South West Ethiopia Regional
Branch.

Data collection techniques

126



The format was prepared on a computer spread-
sheet (excel) to collect secondary data from
health institutions of the designated areas. Indi-
vidual level data on malaria morbidity and mor-
tality were collected from logbooks of the local
health institutions. Variables such as diagnosis
results (negative, species of Plasmodium for posi-
tives), dates of diagnosis and available demo-
graphic data (residence, age, sex) were captured
on the computer spreadsheet. All records of pa-
tients who visited health institutions and were
treated as malaria patients were included in the
study. Records of cases with incomplete or invis-
ible records such as dates of health service visit,
age, address, results of diagnosis were excluded
from the study.

Data management and processing

Initially, patient records kept in logbooks at the
health institutions were recorded on excel
spreadsheet separately. Then, data on patient
records from different health institutions were
checked for completeness, coded and combined
on the same spreadsheet. Only a few incomplete
records were discarded from the analysis. Daily
minimum and maximum climate variables (tem-
peratures, precipitation and relative humidity)
were recorded on a computer spreadsheet sepa-
rately for Gilgel-Gibe and the control sites. For
both localities, monthly averages of climatic var-
iables were computed for minimum, mean and
maximum values. Then, prepared data of malaria
cases and meteorological data were exported to
SPSS statistical software version 20 for Windows
and linked together using unique identifiers

(month, year and location codes). Then, analyses
were performed using Spearman correlation co-
efficient. The graphic presentation of rainfall of
the sites against monthly malaria episodes was
done with excel.

Ethical considerations

Ethical clearances were obtained from the Addis
Ababa University College of Health Sciences In-
stitutional Review Board and the Oromia Re-
gional Health Bureau Ethical Clearance Commit-
tee. South-West Regional Branch Meteorological
Agency, Jimma Zonal Office and district health
offices as well as local administrators were re-
quested through formal letters from the School
of Public Health of Addis Ababa University and
Oromia Regional Health Bureau for their cooper-
ation and consents. Individual information was
kept confidential and the names of individuals
were removed from data of health services and
identified only by identification numbers. Results
were also communicated in an aggregated man-
ner.

RESULTS

A total of 99,206 confirmed malaria cases were
recorded over eight years period in both study
sites. More than two-third (71.8%) of the cases
were from the control site, while 28.2% of them
were from Gilgel-Gibe. In spite of inter annual
variations, proportion of P. falciparum slightly
increased over time in Gilgel-Gibe; however, the
P. falciparum proportion significantly decreased
relative to P. vivax in the control sites (Table 1).
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Table 1: Distribution of confirmed malaria cases by study sites, Plasmodium species and years of health
service visits, southwest Ethiopia, September 2003 to August 2011

Site  Species 2003 2004 2005 2006 2007 2008 2009 2010 2011 Total
No 910 665 443 571 2116 3762 5432 2271 759 16929
PF % 488 479 610 526 560 633 742 504 540 604
No 328 587 237 443 1619 2177 1825 1752 442 9410
@ PV %  17.6 423 326 408 429 366 249 389 314 336
3 No 627 136 46 71 43 7 63 482 205 1680
B PM % 336 9.8 6.3 6.5 1.1 0.1 0.9 10.7 146 6.0
i Subtotal No 1865 1388 726 1085 3778 5946 7320 4505 1406 2801
No 1640 3006 6286 2557 5315 6669 5443 6275 43 37234
PF % 765 61.2 542 586 53.0 484 530 450 232 523
No 467 1826 5096 1733 4493 6785 4593 6696 140 31829
PV % 218 372 440 397 448 493 447 481 757 447
No 37 79 211 71 211 316 235 962 2 2124
e PM % 1.7 1.6 1.8 1.6 2.1 2.3 2.3 6.9 1.1 3.0
g No 2144 4911 115 4361 1001 13770 10271 13933 185 71187
S Subtotal 9
PF No 2550 3671 6729 312 7431 10431 10875 8546 802 54163
% 63.6 58.3 546 574 539 529 61.8 6.3 50.4 54.6
- No 795 2413 5333 2176 6112 8962 6418 8448 582 41239
% 198 383 433 400 443 455 365 458 366 416
oM No 664 215 257 142 254 323 298 1444 207 3804
% 166 3.4 2.1 2.6 1.8 1.6 1.7 7.8 13.0 3.8
g No 1379
s Total 4009 6299 123 5446 19716 17591 18438 1591 99206

PM: Plasmodium mixed; PF: plasmodium falciparum; PV: plasmodium vivax

Eight years averages of maximum, mean, and
minimum climatic variables of the study sites are
summarized in table 1. The average maximum
rainfall of the control site was higher than the

Gilgel-Gibe site (20.2 mm vs 10.7 mm), whereas

the average mean rainfall was similar in both

sites with same standard deviations. The aver-

age mean relative humidity of the control site

was slightly higher than that of Gilgel-Gibe site.
However, the means of maximum and minimum
relative humidity of both study sites were the
same. On the other hand, both means of maxi-
mum and minimum temperatures were slightly
higher in control sites, with higher variability of
the latter (SD: 2.7 vs 2.0) in the control site (Ta-

ble 2).

Table 2: Monthly averages of eight years climatic variables of study sites, southwest Ethiopia, September 2003 to

August 2011
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Gilgel-Gibe Control Overall

Weather variables Mean (SD) Mean (SD) Mean (SD)
Rainfall (mm) Maximum 11.9 20.2 (3.6) 20.2

Mean 3.3(2.9) 3.7 (3.6) 3.3(3.2)
Relative humidity Maximum 76.7 76.8 76.8
(mmHg) Mean 54.2 (12.7) 55.8 (11.9) 55.2 (12.2)

Minimum 24.7 24.7 24.7
Temperature (C°) Maximum 27.40 (2.6) 28.0 (2.1) 27.8(2.2)

Mean 19.3 (1.2) 19.9 (1.1) 19.6 (1.2)

Minimum 11.2 (2.0) 11.8 (2.7) 11.5 (2.5)

The rainfall pattern in Gilgel-Gibe site showed
several rises that lasted for short durations,
whereas that of the control site exhibited a grad-
ual rise and relatively minimal variations. At the
Gilgel-Gibe site, the major peaks of malaria prev-
alence were observed following the peaks of
rainfall. In the control site, the peaks of malaria
prevalence in some years coincided with the
peaks of rainfall, and the pattern of rainfall rela-

tively fluctuated less and was almost continuous
in quarters of the year. Between December 2007
and March 2008, rainfall reached the highest
peak and malaria prevalence climax was noticed
after the rainfall peak. It is evident from the line-
ar trend line that malaria prevalence increased
more in the Gilgel-Gibe site than in the control
site, despite the higher malaria prevalence ob-
served in the control site over the entire study
period (Fig 1).
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Figure 10: Map of the Study sites within Oromia Regional State of Ethiopia

Raw data source: CSA & JU-IHSR
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Figure 2: Prevalence of malaria and monthly mean rainfall by quarter and year, southwest Ethiopia, Septem-

ber 2003-August 2011

Monthly mean rainfall and number of monthly
malaria cases showed negative correlation at lag
of 0 and 1 month, but positive correlation at lags
of 2 to 4 months. The correlation increased as
the number of lags increased from 2 to 4 months
although the positive correlation of rainfall with
the number of malaria was insignificant at all the
lags. Monthly mean relative humidity showed
positive correlation with number of malaria from
lag of 0 to 4 months and the strength of the cor-
relation increased as the number of lags in-
creased. There were significant correlations at

lags of 3 (P =0.02) and 4 (P = 0.03) months.
Monthly average maximum temperature and the
number of malaria cases showed negative, but
weak and insignificant correlation at all lags of 0
to 4 months. Again, monthly average minimum
temperature exhibited a negative correlation
with number of malaria cases up to lags of 2
months, but positive correlation at lags of 3 and
4 months. The correlation was of incremental
nature with number of lag months. However, the
correlation was weak and insignificant (Table 3).
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Table 3 Correlation between monthly confirmed malaria cases and mean monthly climatic variables
by study sites, Southwest Ethiopia, September 2003-August 2011

Monthly mean Cli-  Lag- Gilgel-Gibe Control Overall
mate variables months Spearman’s Spearman’sr  Spearman’s
r r
0 Months 0.0060 -0.1959 -0.076
Rainfall 1 Month 0.1278 -0.1473 -0.003
2 Months 0.3589 -0.1495 0.065
3 Months 0.3270 -0.0806 0.078
4 Months 0.2304 0.0494 0.108
0 Months 0.0133 -0.2154 0.006
Relative humidity 1 Month 0.1591 -0.1099 0.086
2 Months 0.4182 -0.0381 0.133
3 Months 0.2820 0.0789 0.171
4 Months 0.2174 0.1184 0.157
0 Months -0.0983 0.1723 -0.020
Maximum tempera- 1 Month -0.2044 0.0966 -0.072
ture 2 Months -0.2350 0.0203 -0.136
3 Months -0.2233 -0.0894 -0.130
4 Months -0.1874 -0.1099 -0.116
0 Months -0.261 -0.1108 -0.123
Minimum tempera- 1 Month -0.0808 -0.0611 -0.052
ture 2 Months 0.0191 -0.0535 -0.031
3 Months 0.1135 0.0441 0.001
4 Months 0.1676 0.1027 0.039
Similarly, there was a negative correlation be- the average maximum temperature was positive,
tween average number of monthly Pf malaria but insignificantly correlated with the monthly
cases and rainfall at 0 and 1 month lags, and pos- number of malaria cases at lag of 0 months. The
itive, but weak correlation from 2 to 4 months correlations were not apparent when combined
lags. Relative humidity showed negative correla- for both sites and there were very weak correla-
tion at 0 month, positive and increasing correla- tions when analyzed for the two sites together
tion from 1 to 4 months lags. At the Gilgel-Gibe (Table 4).

site, moderate correlations were observed at
months 2 and 3 lags both with rainfall and rela-
tive humidity in Gilgel-Gibe site. There were only
weak positive correlations at month 4 for rainfall
and months 2 through 4 for relative humidity at
the control site.

The maximum and minimum average tempera-
tures were, in most cases, negatively and weakly
correlated with the monthly number of Pf malar-
ia cases. The average minimum temperature was
weakly but positively correlated in Gilgel-Gibe
site from 1 to 4 months lags. In the control site,
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Table 4 Correlation between average monthly Plasmodium falciparum malaria cases and mean
monthly climate variables by study sites, southwest Ethiopia, September 2003-August 2011

Monthly mean Lag- Gilgel-Gibe Control Overall
Climate months Spearman’s r Spearman’sr Spearman’s r
variables
0 Months 0.0077 -0.1400 -0.0860
Rainfall 1 Month 0.1356 -0.1004 -0.0217
2 Months 0.3889 -0.0936 0.0698
3 Months 0.3778 -0.0155 0.1098
4 Months 0.2096 0.0938 0.1139
0 Months 0.0773 -0.1812 -0.0053
Relative humidity 1 Month 0.1708 -0.0295 0.1031
2 Months 0.2558 0.0662 0.1784
3 Months 0.2855 0.1682 0.2366
4 Months 0.1730 0.1885 0.2006
0 Months -0.0029 0.1018 0.0312
Maximum tempera- 1 Month -0.0249 -0.0136 -0.0204
ture 2 Months -0.1514 -0.1028 -0.1062
3 Months -0.1056 -0.1865 -0.1165
4 Months -0.0539 -0.1627 -0.0873
0 Months -0.2162 -0.1190 -0.1446
Minimum tempera- 1 Month 0.0449 -0.6549 -0.0321
ture 2 Months 0.0030 -0.7122 -0.0040
3 Months 0.0493 -0.6157 0.0640
4 Months 0.0325 -0.2954 0.0943

DISCUSSIONS

This study examined the correlation between
three major climatic variables which are known
to affect the dynamics of malaria (rainfall, rela-
tive humidity and temperature) and both month-
ly number of all types of confirmed malaria as
well as P. falciparum malaria. Although the
Gilgel_Gibe site is situated at slightly lower alti-
tude range, both sites are found within malaria
risk altitude ranges (24, 27), the number of ma-
laria cases was higher in the control site possi-
bly due to plenty of rainfall over the period con-
sidered compared to Gilgel-Gibe site. The corre-
lation of persistent malaria transmission with
such continuous higher level of rainfall is in
agreement with the prediction model of malaria
transmission in Africa (20, 30). However, it is
inconsistent with the finding of a local study that

reported that risk of malaria was found to be

higher at lower altitude (31).
Overall monthly mean rainfall showed positive,
but weak, correlation at lag-months 2 to 4, and

relative humidity has shown also a weak positive
correlation from 0 to 4 months lag which is simi-
lar to estimated epidemic prediction of 2 to 4
months after rainfall in East Africa (32). Howev-
er, when separately analyzed by study site, both
rainfall and relative humidity were positively
correlated with prevalence of malaria in the
Gilgel-Gibe, whereas negative correlation was
observed in the control site up to three-months
lag for rainfall, two-months lag for relative hu-
midity, a month lag for minimum temperature
and 0 to 4 months lag of maximum temperature.
Such negative correlation of temperature and
occurrence of malaria cases was reported by an-
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other study as well (33). The site-specific corre-
lation of malaria prevalence and climate varia-
bles at different time lags in different eco-
epidemiological settings were also indicated by
other studies (14, 15, 34, 35). On the other hand,
the absence or weak correlation of the climate
variables with malaria occurrence was highlight-
ed by certain studies (18, 36), whereas still other
studies underline the strong correlation of cli-
mate variables with number of malaria cases (11,
12, 37-40). The modest correlation of rainfall
and relative humidity with prevalence of malaria
in the Gilgel-Gibe site was at two to three months
lag which was congruent to a local study (41).
Other studies reported correlations of shorter
lags (42, 43); however, another local study had
indicated more time lags (14).

Furthermore, other studies (44-46) indicated
that the dynamics of malaria is determined by
multiple contributing factors; the correlation be-
tween malaria and climatic variables is not al-
ways a direct one, and reliance on only climatic
variables for prediction of malaria occurrence
may not be sufficient. The correlation between
climate variables and malaria occurrence simply
indicates the presence of a linear relationship
between them, but the absence of correlation
does not prove the absence of association of cli-
mate variables with occurrence of malaria. In a
setting where minimal variability of temperature
prevails and existing conditions are favorable for
malaria, it may be difficult to distinguish the role
of fluctuation of climatic parameters on malaria
prevalence (16). Moreover, eco-epidemiological
variability and species of malaria vector differ-
ence in different settings impose additional un-
certainty on the generalizability of findings to
other settings. Therefore, consideration of local
specific factors is important in the battle against
malaria.

Possible limitations of this study were use of
some data from nearby stations and use of impu-
tation methods where missing of data were en-
countered. Temperature and humidity data for
the control site were obtained from Jimma Sta-
tion, and for the Gilgel-Gibe site, humidity data of
Sokoru Station were used. Both Jimma and

Sokoru stations are close to the control and the
Gilgel-Gibe study sites respectively. Thus, they
are expected to have similar weather conditions
as there is no major geographical difference in
terms of altitude and coverage of vegetation be-
tween those stations and the respective study
sites. In addition, imputation method was used
to fill the missed humidity data of three years
using the average of the respective months.
Those conditions might affect the findings of this
study to a certain extent.

In conclusion, correlations of malaria and cli-
mate variables were different for the two sites.
In Gilgel-Gibe, rainfall and relative humidity
showed positive correlations and modest corre-
lations were seen during 2 to 3 months lags. In
the control area, insignificant positive correla-
tion of rainfall and relative humidity was seen at
4 months and 3 to 4 months lags respectively.
Mean maximum and minimum ambient tempera-
ture indicated weak correlations in both sites.
This implies that in Gilgel-Gibe, rainfall and rela-
tive humidity are driving forces behind malaria
at 2 to 3 months lags. On the other hand, the
weak/absence of correlation does not prove ab-
sence of the association between malaria and
climate variables; it simply implies absence of
linear relationship between them. There is a
need to consider additional factors such as a
normalized difference vegetation index (NDVI)
and the physico-chemical nature of the water
bodies (mosquitoes breeding sites) in assessing
malaria risk factors of a locality that play a role
in the rate-limiting of the dynamics of malaria.
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Abstract
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Background

Until yecently. mabvia has beena majar pablic health
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a5 8% for housshakds with ane bed net and amang thoes
LM TH: awning hoasehalds anly S52K of Gmiy
membes had slept ander 2 TITRITH the prevass night
of the swpep |12} this shows that bath coveage and
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RO 17 recammerds pearviodic bassehald surpeps
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Thudy settings
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Farg 2of 0

incregses aaveness of the residerds aboat mabvia xih
and it mntral e ventiars 18] The disfant site fom
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kol mter pencbone baree, it s oors idevad to ke 2 comdeal
vileze

Thex main socio soonamc activites of both @nmwan
ties JulBges] are mivad faming, inckading the catiation
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in commar). The villges were saleched bagwuace of theyr
simibavity of gacmaphic featares within the Dam arm with
vegard to attitade and preserere of rivers, and aqandlent
vange of distance from waber bodies as 2 main r&h of
Ak

GEHD & kaed 2690 Imn soathwest of Addiz Ababa,
the cpital of Ethiopa, at 074855 to ORSSSE M and
U5 1155 to JEF 2035 E. The area Lt hebwesn 1073
and L2351 m abote sm dewl, which i within the @nge
of masgaita bresding attitade Sarves @mnductsd i the
arem [9,19.50] hawve shown that the preralence of malavia
in chibren was highey by many falds than the natiaral
malavia indictar aarwg remalts of 2007 [12]. The stady
hausehalds were seected fom those that live within a
10 o vadias of this artifical Jae

The comtral vilages were jdentifiad from 1erm Dristrict,
which & Jo@ed adgcent ta the SEHD an the west side
Al the conteal vilages ave meave than 15 im asay fam
the Jdle 2o that the posshle affedt of the dam woald Tot
ke yefected in the contal avm Thi stadp oneidened
hrazehald 2 2 anit of stadp The respomderts ta the oar
v were headafspoaess of housshalds fram the ample
chastes Jgad] comes sting of aborat 20 haasahalds aach.

Tanmale S2e dekmiiatio & ssnding tecletgque
The reambey of hrasshalds veed for stody was @lcadaed
wing twa papaltion peapaotiom fomiale B2 12 @ling
inta aomrand the twa stady sites JSEHD and candeal il
Bges]. Pram prewvioas stady [9] the proportiom of hoass
halds with at Jmst ome LUTHAITH in SEHD vilbge was
T asmamning 99 mrfidence inbeal and power of
B ta detact 2 diffevenee of 1% betwesn proportions of
LUHeTHE awing hoasehalds in the twa sies the ample
size was ioalated Consideing 2 10W ontingercy for
Ton respondents, the ramber of hoasshald ndaded in
the savep was estinated to be 1186 housshalds fham
mch s i which mplied 2 total of 2572 hoaeshalds
Instialy, bath willges JESEHT and aondral villanes] were
arangad inin Chasters gears] based on their dstanees fam
the SEHD and ofher waber bod e datreams, vives, paneds,
mashy Ends] as posshle mosqain bresding sites The
ol rambes of dastes was sdeced based an the
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azmrmption that @mch chser ] comsits of 25 30
heeahadds acoarding ta cavvent adnin shative sheackare.
Thee eqaivalient reamibeer of Chiabers was oabegarized & neay
ta and diant from waer bodies based an macimam
maegaita flight ange [2E]. The stody chacbers were o=
Jeoed randamaly bath fram thease reay and dictant gods

Caducting f1s sunky

Hoazehal sarveps were condaciesd during makvia peah
DRSS SnT Saasan e FMovember 3012, on selechad
hoazehalds Semi stradbared guestionnaives ave asadlly
canaidered best for datamining the freqaeg of belidfs,
CpifeaTe, Vs, penaeptione, and reporied practioes per
fning ta mabva praention and canteal, apon which
Tare vald getevalimations ave possble (2 XF] Dok wers
and utlimtion A gusstiornaie was daslapad by resew
ing remant litsatoes, fach 25 mabrva ndimor aooep
domaments |52 21]

Data i snsg et &l aalyss
Lat weres cheacled by mvestigaiors for ooedt oo etion
of questionnaives The alied B were entersd nin E0L
dala and epooted to Z0ES Skttt safteare wrsian 20
far Windave Latm deanng, remding and restrachaing of
saTie variahles ta male them amenabls for aratysis ddata
jorepaatinm] was viad ot asing S0ES Setictis softare
Fainprrdacad o the praceding peaar af the aorep hoazng
card itons and wehicles were cansidened in the mretacion
of hoseehold relative wealtth indew (VL) aeing principal
compareentarahsiz

Zpoia ecanamiis and  demegaphis chaacevitis of
stady aub jacts were summarized o2 Table and camypared
on the basis of rimne of continoeoas varabkes fach as age,
faondly sipe and emme, asing boiest o diffevences of
Tamms Mlattiromial Jazits raresion was aeed o andhpes
facinrs asencated with pazseszion af L1 Mz and fhe ram
by of 111Ms awmed Facioss affecting atileation of L1 =
were mmatpesd vsing hiarvp Jogistc sepressiom To en
aare the dfa quality, the Bta callectinn qaestinmna i
was poresbested chacllizts and field pasdeines were acad.
Adequats training was given ta dta calleciors and fizld
;apeviars and b sapsiison vas ried aat dailp by
Field sapeivizons

Ethical carsiderafans

Ethizl chearanoss were ohitained fram the Addi Ababa
University Colleze of Heatth Soemoss Bthicl Deview
Biogvd and Chania Negional Hea'tth Baeeaa Soopeation
and commanity comeent was reqoesied by formaal dether
ard abined fam linma Zanal Office, District Hedhth
affices and ko=l admninestrators: webal consend was ob
ined from stadp fabjacts. Ind ivdmls who compla imesd of

Farg 3 of §

rer were trmted based an Ethevpian kMabvia Tiagnes
and Treatment Gaiddine 1] Indnidml indoimatian was
Tept comfidential the rames of mdividaals were renawed
fram compleed questionnaies and dentified andy by
ramber hard copies of the nfammation were ept noa
kclied caphoard and the resalts were sammarized moan
azmreraed manrer

Results

kototal of 2373 1100%) indasdmls responded ta the
sarveps LIEF (S0 were from 55 and 1,186 (S0 were
fram the cantral vibhges, covespanding o the namber
of hvasehalds 5906 (098] and S80S0 respeactivehs
and had zimily sy camypaaitiore. The ma ity afhads of
hvazehald mbath sites were mavied althaagh the firave
was higher inocontral willere SRR e BE O Clogs 1o W of
hvazghald hads fram bath stady arms separied that they
were widowed and aborat 1% of them werediored Aboat
thres gqmvtes of heads of hoseshalds, W% S5 and
TEAY cordral, weve Mliteate Thoce that atberedad alenen
iy dgades 1 8] coratitoted 115% fram 55 and V2%
fromn condral avems Bedow 3 of heads of hoasebalds
attervded Zade 9 ar moare in both stodp sites “®6th remrd
o ocmpatimal shtas most were Bvmere SRR fom
mrdral Wihre evoeded that of 35 JE550] by aboat a
qazbs. Aorshility ta bedith seiboss in tamis of di
e, dll of the contal popalatomn separbed to be within
an estirnatad distmnee of 2 Ima of hath ssnoces, nooon
trast to the 55 popabtion of which 1925 reparied living
niare than 2 Jmn fan bedlth sevies There was 2 simiar
ity with vegard to acesshility to wehicke baTeporatom
dhot twa thinds {800% of S5 and G2 2% of canteal] of
the stady popubtars were mamesble to 3l weather
waads ta vmch hmlth seroes.

The aveage age of houschald members was aboat
21 pemvs, for both popubtions Sgnifimnt difeemoes
ware not seen betwsan the o papabtions remoding
hadeahald zize, aweraze ape of the papabtians, peroeined
manthly expenditaee, nambe of favm animak awmed,
and amvrant of pain prodaced in one pay preceding the
o Howepe, Jdifferences were chizeed parining ta
a7 of haaeehald heads wheve that of 305 was highe by
dhoat twa pars, and percensd marthly incame and
relative wealth mdey In bath e the candral popaltan
s bty o fF {Table 1).

The areall 111 cwnership amang the stady papak
tiare was ShaR (68 2K of 55, 16 2 of cantval] wherms
LEAW (55T of 36, SE3.2W of condval] veporbed that theyp
did ruat owmoa Tt & Chigher prapor tanafE S hoseehalde
vepoted having &t dmst one 111R onpared o oondead
villgre OO0, -2 2 10 20001). Klore hoasshalds repared
awTing andy ane LI than tea ar mare, oo onbast ta
the cantral hoaeehald 00 - 21 1 <0001 and ceee ta
twa thivds af S5 hvasahalds baaght their 111, whether
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Fatn awrvads o d B (L} 06 (L a7 i 5 0145 011
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Mabsrlized oy not, andie contral hoasehalds where half
obfained their 111Hs frese JOT - Q65 I 0 001). The
miean neamiber of 1110 awned was 16 for S5 and 1.8
for mntral vilage, with 2 mean difference of Q26 S5
Tl- 03, 919 ZE - Q). Pewey yespomdents fam
53 replied that they had pevcswably safficent 110H:
far ther Bl members compared o contral vilkges
POT - A, I ed0d L) howerey fewery of S5 vesidents
reported mtention of having additional 111Ms in the fa
tare mmpaved o ontal vibges 0 - 41 bat the
differance was ot satetimlly sgnifiant (0 - 022, The
ity {95 TR of G5 hovsshalds were avpecting o
veceie 11 1M s for free wherms thyes quarters of the
cantral haasshalds reporied the hape of chining fres
L1 1He safficient oy the neads of their family members
in the fatare Ondy 2 small prapotion JL2% of G,
220 of comteal]l had the mtention ta bap LMz far
theiy fmilies. The aveage saggected cxt of an L11H
was IR0 Biry &= $0.9] with medan 1000 Bivy Jawer and
appey Qe S0 and 2000, respectively].

The reparieed atilization sate of LLIME was higher
anang contral howsshals than G55 househalds OF
thaze bageehalds with 2t lmst are L1IH, moare respon
dents from 545 reporbed that ot deast ane of their Bmip
members did mot wse bed net omparved to onbeal
papaltion OO -28, I <0001 Smibvly, the condeal
popaltion was tweoe iy 00 - QL8 T =0.001] ta hawe
dlept ander 2 bed neat the previogs night and mare than
five times Delp SO0 -0019, D edddl) o haoe sept
ander 2 bed net incthe st month preceding the aarep,
caritpared ta respomdents from 35 Table 2]

Factws assocated to namber of LIS awmesd were
Assessed wing Tattinannial g stic regression varables
fach as gende, eduoztional sats amd ooapatanal @
tas of hoasehald beads 46 nat show 2 signifimnt asa
ciatim with awmership of 110Hs. On the other hand,
varable such as age of hovssbald heads, howzehaldd
reltive wealtth mdey JINGT) d=tance ta neavast hatth
savwioe and acoesh flifp to bansparation il weather

vaads] A4 shaw a signifmnt ascocation with awmesship
of 111Ms The chance of having 2 bed net is poaitively
associaied with age of househald heads: pavticalarly the
prabab ity of having twa ar meare was pos itivelp related
ta age of hausshald heads. Thase howsehalds with
teads aged S0 peavs o aboee weere remylp twice 25 Llely
ta hawe ane bed net and mare than thres 234 Lkl ta
tave twa ar move, campaved to familes with head of
harsehald Jecs than 20 peys ald. Familes with head of
haehald wha wers marvisd wers twics rnare Ty ta
ave twa ar mare LM than thaze families whase
heads weve single widowed ar sspavaed. Hausshald
veltive wea'tth indey did rot shaw chance differswos of
taving ane bed met amang the hoasehalds of different
walth inde gqoantile ey On the ather hand,
the probabiity of having twa ar mare bed nets was
fand ta be divacth azsacatesd with hoasehald wealth
indicez Thase haweehalds in the fifth guantile otegory
wee 3% and 17 tines mare lilelp ta hawe tea o e
e mmparesd o those hoasehakds m the first and
swoaned qaandile cbegar i, v e pachival

Hoazehald within 1 Im of the nemvest hath servies
wae 12 times mare lilely to have ane L11H and 15
timnes rave el p b have twa oy eare 11 THE compaved
D thase howshalds bepand 2 1o fam heatth ssrvioes
Thoes bousshalds frand fram 12 Jon weye s21en times
Tare Lilehe ta hawve are 11IH and nearly 12 tinees more
libely to hae two o meare L1IME comparad o thoee
hareehalds bepond 2 o from heltth sevies Simniady,
thiee Brilies wha had percepably accescshility to tams
pavitiom weve 15 times mare Lely o hawe ane 1110
and s as L1y tahare tea ar meare LU compaed
o these wha did oot have access 0 tars poration. e
derts of 35 wee seven times and foar times more
lely o hawe cne 111H and twea o mare 110HE than
mrtral residents, sespectively. Finally bogeshald sime
wx fund to be a peedictwr of the nambe of 1M
owTed. Haweshalds with thees ar less members were
Tiae tham thres timees moore Jielp to have ane 111 bat
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10 Je=z liely o haee two oy more 110R: Hoseshalds
having far ta siv Bmiy members were twice as Lely
to hawe ane LM comparad o those hoaeshakds with
seven ar Tiare iy memibers howesey there was na a
signifizmt diffevence betwesn them hawng twa o noe
L11M= {Tahle 2).

Termydingg watilization of 111Ms, Boors sach as gends,
edacatioral and aoapational stabes of hoseehald heads
were ot relied to atilizaton of 111 Age, maviEl sk
tx of howsahald hauds, raltive weatth mde, dishnee 0
Temyesst homth i accessibility to tamspart, residanoe
ard batasehald size were sgnificnty associated with the
utliatan of 111TE s age of baaeehald heads moreasad,
atlization of L1k showed seady dedine Hoasshalds
with heads dess than 0 pmvs md thoes with hoasshod
hemds of 30 to 49 pavs seporied to have ased LIRS ve
speactivety, mivcoe than thes tinees and aboat twios 2 Lehy
canpared o thaze hoaeeholds with hoosshald heads of
B0 pmrs ar aldery. Howsey a spnifiant diffevence was
nuot smen betvesn househodds with bogsehold heads age
S0 jears and abowve Hoseshodd heads who were mia ved
vepoied Tore than theee times the aee of L11ME coam
pared 1o baasehalds whioes hads were widawed, divarced
o s ated.

Haueehald reltive walth inder was fommd ta bean n
fraertial predictar of az= of LM “Walthy boasshalds
v ied Tiae gz af 1M The weah act Briles weve

e tham thivee tirmes e st bo aee 11THS than poor
Bl The kot pow hoaeshalds were2 S and LY times
Tce 1wty to e 1100 compaved o midde and e
oy Bl vespeectivedy. Hoaashalds within 1o vad s
af hmtth sarprres e 175 tiness, and thaose within 1

2 Imn fromt hemth sevioes were &7 times mare 1iely ta
e 111HE Howesholds in the oondbiod villbges were o
& llep to aee L1IMs move than hoasehalds avoand
SEHD Cme Bt inflerndial predicor & hossehal] sine,
where those hoseetalds with three ar Fwer meamibers re
poried more e of 110ME than hosesholds with Bvge
Brnilies { bl q].

DFacissiomn

Thiz stady has tried to aseess posesssiom and atilization
of 111Me in housshalds of waal ommwanites At
terpts hawe besn made to dentify ascocated fadars
that inflene the awmership and gtilzation kewed in
the hausahakds, canvparing the stady sites on the base
of chaacier stics that om passibly male the diferance
The coverage of 111Hs was rebtively highsr amang
535 residents (SAEW 1w 06.8W] than contral vilkges.
Howepey bath wene below the comemge recamniend =]
by RO 1] for an ameptable deed of peateckion, The
cwTership bawd was 2 simiby awage Eroe indiaed o
Wl Klakra Mepot of 2011 median - S6% [17] fam
hervazebald sarvep venals
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The poroeiwed atilization of 111HE amang  thase
hoaz=balds who had at east one 110 was higher
anangg the canteals 476, 1w S0,1%] The opeall el of
utilization af 1110 was simdby ta ather Jo=) findings
|1257] which were belaw WHD recamamendation of
0% atilimton In aboat 2 of G5 and 25% of the
cantral village hogsehalds, at J=ast one person did nat
dlesmp andsy 2 bed net and smuilar prapartians of hoass
halds repoited respoctively that the exicting 11 1HE were
not safficient for their Bl members, Mot of thase
hoasehalds expected fres dastribation of LU and andye
2 amall prapavtion of them had the indention ta bayp
LUk for thei familes. The peage saggested @t of
L1ihe was 170 Biwr {= 09 with median 100 Bir
which & aimile o 2 previeas finding where neavly half
of shadp participants saggesied 10 Bivy ar Jower and the
rest abee 1000 By far an ITH |32] This is far below
what athers repated both fram Jo=l [34,35] and same
Afrimn countres |26 58], The fack that conbral hoase
haolds weere mare ready to bap and reparted mare
atilization than &5 haasehalds mples that the cantal
horasehalds were more aware of the berefits of 1111,

Hoasshalds with aldsr heds poosecesd muoee L1TRE,
particalrly when the rambey of 11 1Hs awmed was can
aidered, bat utlimtion was higher aang peangs hads.
Heasehald retive weaatth mdey was pocithely assecaed
bath 1o passession and atilizatonafll e as poesbly the
walthiast weve ahle o access imfamation ta so2l @nd
reripe ar bap L1IME Thi & a simiby finding where the
hrasehodd weatth stts wes positiely assocated with
owTershipafL1HE 18] Hoaselald wealth indes was nat
Frand to be an imporant peedictor of neamaber of 111
owTeed 25 the paesescion of are L1ITH was simila for all
and andy the first and s2comd qomntiles were differenthy
digdantzged to hawe twa o mare 111, Thi finding &=
i agrestient with athey stadies |59 0] where meqmlites
ware absead incthe nemmbey of IR owred and amage
ramber of 1THE posseccad in which ces the poorest were
dizdardaged. bat thic & noonbast ta anather stady RE]
which fadsd o show a2 diffevence amang socin SoaToTic
shiata with respect to poseesciom and Lilelihoad of re
cxving fes 1THe Another stody reparted neeithesr
S7Tia &oamarlis Tar edactional level of mathers was
azenc@ed with 1TH gtilization by chidven [22].
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Zimdlar k. thase hoasehalds wha were neaver va hedhth
saricas and accessihle to baTepartion were betey by
far than thoee distant and macesshle househalds bath
i owmeighip and atilization of 111Ms, sqpecgally when
the reambey of owmed 111HE was oreidered, reaymoss
to heth servies & the mast infreental factar, The

Pag 7o 0

imporanees of disnce o eemeest beghth servioes ar Ty

Ik dpomshly das to tarepotation acesch i, hame

aead wedith and residenaess had bean Jdentified by ather
st dies [00,11,95] o accowmet o the v tion in g tlimton
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Annex - Il Household survey questionnaire

District Kebele Got Gare house

No Family 1D Name of head of HH Sex

Education level __ date of visit / / Location: Longitude Latitude
Altitude

Section 1: Household list (record the responses in the respective columns):

101 102 103 104 105 106
Please tell me names of all | What is (name) | What is What is What is
household members starting | relationship to (name) (Name) his/her ed-

ID from head of the household. the head of Sex? age? ucational

household?**

status’ *2

L T L e
NN[N[N N[N [N[N[N| 1

=1 Relationship to head of household:

01 = head
02 = wife/husband

*2 Educational status (if >7 yrs only):

03 = son or daughter 1.  Doesn’t read & write
04 = son-in-law or daughter-in-law 2. Read but doesn’t write
05 = grandchild 3. Read & write
06 = parent 4, Grade1-4
07 = parent-in-law 5. Grade5-8
08 = brother or sister 6. Grade9-10
09 = other relative ; itr'?ednedid_ctzlle e
10 = adopted/foster/stepchild ' g
11 = not related
98 = don’t know
Time interview started :___; Name and sig. of data collector
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Section 2 socio-economic background

Write respondent’s: name

ID

READ: Now, | am going to ask you some questions about items related to socioeconomic conditions

(ask one respondent from the household preferably husband/).

S.No | Questions Response cod | Skip to
e
1. Farmer 1.
2. Merchant 2.
3. Daily laborer 3.
Q. 201 | What is your occupa- 4. Housewife 4.
tion? 5. Student 5.
6. Gov employee 6.
7. Private employee 7.
8.  Others (specify) 8.
1. Muslim 1.
2. Orthodox Christian 2.
Q. 202 | What is your religion? 3. Protestant Christian 3.
4.  Catholic Christian 4.
5. Others (specify) 5.
Q. 203 | What is your marital sta- | 1.  Single 1.
tus? 2. Married 2.
(applicable to a re- 3. Divorced 3.
spondent > 18 years 4.  Widowed 4,
old) 5. Separated
1. Oromo 1.
2.  Amhara 2.
Q. 204 | What is your ethnicity? | 3. Gurage 3.
4. Tigre 4.
5. Welaita 5.
6. Kefa 6.
7. Dawro 7.
8.  Others (specify) 8.
Q 205 | How many domestic an-
imals does the household | Total # of animals the HH has is
have?
5.1. Oxen? 0 1 23 4 5 6 7 8 9 >0
5.2. Other cattle? 0 1 23 4 5 6 7 8 9 =10
5.3. Goats & sheep? 0O 1 23 4 5 6 7 8 9 =10
5.4. equines 0 1 23 4 5 6 7 8 9 =10
5.5. Poultry? 0 1 23 4 5 6 7 8 9 >0
5.6. Others? 0 1 23 4 5 6 7 8 9 =10
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Q.2 06

What is an estimated
monthly household aver-
age expenditure in Birr?
Write on the blank space
provided.

Birr.

Q. 207

What is an estimated
monthly household aver-
age income in Birr?
Write on the blank space
provided.

Birr.

Q. 208

What is estimated
amount of grains the
household produced this
year in quintals?

8.1. Maize?

8.2. Teff?

8.3. Sorghum?

8.4. Wheat?

8.5. Barely?

8.6. Others?

Total

S OO O OO
—_—m e = e
[N NS NS T \S B \ G I \9)
W LW W W W W

R i T

Whn DN D D U1 D

(o) le)Ne) o) N JeN
N N B N
oo OO OO OO0 OO0 OO
O \© O O O O

>10
>10
>10
>10
>10
>10

Q. 209

Does your household
have:

Electricity?

A radio?

A television?

A telephone/mobile?
A refrigerator?

Yes

e

NN DNNDNDDNDDN

Q. 210

Does any member of
your household have:
Multiple answers are
possible.

Bicycle?

Motorcycle or “bajaj”?

Car or truck?

<
o)
»
Z

(R TN
NoNoo

Q. 211

What type of fuel does
your household mainly
use for cooking?
Multiple responses are
possible. but do not
read options.

CoNOR~wWNE

Electricity
Natural gas
Biogas
Kerosene
Coal/lignite
Charcoal
Firewood/straw
Dung

other (specify)

CoNoA~WNE
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Q. 212 | Main material of the 1. Natural floor:
floor? Earth/sand............ccccoovvveivenenn. 1.
Record by observing. DUNG...cviiiiiiiieee e 2.

2. Rudimentary floor: 3.
Wood planks..........ccccoeovnininenn. 4.
Palm/bamboo.........c..ccceviirnnnnn.

3. Finished floor: 5
Parquet or polished wood.............. 6.
Ceramic tiles.......cccocevvivviiniennne 7.
CemeNnt.......cooovviiiiiiie e 8.
Carpel......ccviiiiieieeceee e 9

4. Other (specify)

Q. 213 | What is the main source | 1. Piped private 1.
of drinking water for 2. Public stand point 2.
members of your house- | 3. Protected 3.
hold? DO NOT READ wells/springs 4,
RESPONSES. ONE AN- | 4. unprotected 5.
SWER ONLY. wells/springs

5. river/pond

Q.214 | Does the household have | 1. Yes 1
toilet facility? Record 2. No =216 2 | =216
by observing.

Q.215 | What kind of toilet facil- | 1. Private traditional 1
ities does your house- latrine 2
hold have? Record by | 2. Shared traditional 3
observing. latrine 4

3. Flash toilet

4. Other (speci-

fy)

Q.216 | Isthere any marsh
land/stagnant water 1. Yes 1.
within short distance of | 2. No =218 2. | =218
the house? Observe &
record.

Q.217 | Approximately, at what | 1. Less than 1 km 1.
distance from the house | 2. 1-2km 2.
are the marsh/stagnant 3. More than 2 km 3.
water found? Observe
& record.

Q.218 | Is there bush, banana or
false banana within 200 | 1. Yes 1.
m of the house? Ob- 2. No 2.

serve & record.
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Section 3- Long lasting Insecticide treated bed net (LLIN) utilization

Q. 301 | At any time in the past 12 Y Sttt 1
months, has anyone sprayed | . 2 2=>» 303
the interior walls of your o SR 3 3= 303
dwelling against mosqui- Don’t KNOW.....ccvveevieiieieeieeiieenns
toes?
Q. 302 | How long was it since the 1. Less than a month | 1.
house sprayed? 2. 1 — 3 months 2.
3. 4 — 6 months 3.
4. 7- 12 months 4.
Q. 303 | Does your household have | YES.......ccoiiiiiiiiiiieicerieeee e 1
any mosquito netsthat can | NO......cccocveviiieci i 2 2 2319
be used while sleeping?
Q. 304 | How many mosquito nets
does your household have? | Number of nets =
IF 5 OR MORE NETS,
RECORD °5°.
Q. 305 | Ask respondent to show you Yes No
the net(s).
Are they Observed? Net #1 1 2
Net #2 1 2
If more than five nets, use | Net #3 1 2
additional Net #4 1 2
Questionnaire(s). Net #5 1 2
Q. 306 | Where did you get the nets? Net#1 Net#2 Net#3 Net #4 Net#5
Record the appropriate _
number (1-5) for each net. | 1: _ Bought from Dis- | 4
trict Health Office. ...1 2
2. Given by District | 5
Health Office (HC)--2 4
3. Bought private 5
shop -------=------- -3
4. Private clinic
............................. 4
5. other (speci-
fy) 5
Q. 307 | How long ago did your Months Years Don’t know
household obtain the mos- Net #1
quito net(s)? Net #2
Net #3
Net #4
Net #5
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When you got the net, was it Yes (1) No(2) Notsure (3)
Q. 308 | already factory-treated with | Net #1
an insecticide to kill or repel | Net #2
mosquitoes? Net #3
Net #4
Net #5
Since you got the mosquito Yes (1) No(2) (3) Notsure 2 =>311
Q. 309 | net, was it ever soaked or Net #1
dipped in a liquid to repel Net #2
mosquitoes or bugs? Net #3
Net #4
Net #5
How long since the net was <1months 1-24months >2yrs
Q. 310 | last soaked or dipped? Net#1 1 2 3
Circle the appropriate Net#2 1 2 3
number (1-5) for the re- Net 3 1 2 3
spective nets. Net#4 1 2 3
Net 5 1 2 3
Did anyone sleep under this | Yes =1 No =2 Notsure=3 2 =>313
Q. 311 | mosquito net last night? Net #1
Record the appropriate Net #2
number (1-5) on the space | Net #3
for the respective nets. Net #4
Net #5
Yes (1) No(2) (3) Notsure 2 2313
Q. 312 | Did anyone sleep under this | Net #1
mosquito net in the last Net #2
month? Net #3
Net #4
Net #5
Is there anyone from the 1 YeS.ooovinnnnnn. 1.
Q. 313 | member of your household | .......................o.l. 2. 2 2315
who does not use the net? 2 I\ P
Q. 314 | What was the reason(s) for | The net(s) is/are not sufficient for mem-
not using the nets? Multiple | bers of the household................ 1
responses are possible, but | The net(s) is/are not convenient to use... |2
don’t read the options. The net(s) does/do not protect from get-
ting malaria.............cooooiiiinn. 3
The net(s) is/are torn & out of use...... 4
S/he sleeps outside to look for ani-
mals/farm............................. 5
Other (specify) 6
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Q. 315 | Is/are the net(s) sufficient Y S 1 1. 1 =>318
for all members of your NO .o 2 2.
household?

Q. 316 | If your household doesn’t 1. We couldn’t afford to buy............ 1
have bed net, what 2. The nets do not protect from mosqui-
was/were the main rea- to bite, thus we don’t need 2
son(s)? them...........

More than one response is | 3. We don’t know advantages of the bed | 3
possible, but don’t read 1 4
the options. 4. Others (specify)

Q. 317 | If your household doesn’t 2 =>319
have bed nets, do you plan | 1. Yes 1.
to have them in the near fu- | 2. No 2.
ture?

Q.318 | What mechanism have you | 1. Buyingthem......................... 1.
planed to own the nets? 2. We are waiting the gov’t to give us... | 2.
More than responses are 3. We are waiting the NGOs to give 3.
possible but don’t read the | us... 4,
options. 4. Other (specify)

Q.319 | At what cost do you wish to
buy the bed nets to be pro- Birr
tected from mosquito bite/
malaria?

Time interview completed _ : ; Name and sig. of data collector
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Annex - 111 Blood sample collection format

District Kebele Goti Gare house No
Name of head of household ID No
ID. No. Name Age | Sex: Blood film results: Signature
(line No) (M/F) | L- P. falciparum | of the
- 2 --—-- P. vivax Lab. Tech.
3 mixed
4 --- negative
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Annex - 1V Health facility level data collection format

District

Name of Health Facility

Name

Sex

Address
(Kebele/Got)

Age

Date of diagnosis
(DD/MMIYYYY)

Results*

Diagnosis

* Blood film results:

P. falciparum (Plasmodium falsiparum)

P. vivax (Plasmodium vivax)

P. falciparum +P. vivax (Mixed)

Negative
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