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SUMMARY

BACKGROUND

In Ethiopia, malaria is a major public health problem with seasonal and unstable distribution.
Because of the country’s diverse topography and climate, transmission of malaria varies with
space and time; while the variability is more pronounced in highlands with low transmission.
This calls for better understanding of malaria epidemiology to improve the control
programmes in which measurement of magnitude is vital in malariology. However, there is
paucity of information on magnitude of malaria, risk factors, effective use of vector control
measures such as insecticide-treated nets in relationship with malaria infection and
performance of multi-species detecting malaria rapid diagnostic tests (RDTs) where

Plasmodium falciparum and Plasmodium vivax co-exist at highlands of low-endemicity.

OBJECTIVES

This thesis presents the findings of a research with the aim of assessing and understanding the
epidemiology of highland malaria with specific aims of: (1) determining prevalence of
malaria, (2) identifying malaria risk factors, (3) determining factors affecting household
insecticide-treated nest (ITNs) ownership and utilization in relation to malaria infection, and
(4) evaluating performance of malaria RDTSs to detect Plasmodium falciparum and

Plasmodium vivax.

METHODS

Community-based repeated cross-sectional studies were conducted in six rural kebeles of
Meskan and Mareko Districts in Butajira area of Ethiopia between October 2008 and June
2010. The kebeles (Hobe, Bati Lejano, Dirama, Shershera Bido, Yeteker and Wurib) were
selected in such a way that two were from one altitudinal stratum thus making a total of three
strata: low (1,800-1,899 meters above sea level), mid-level (1,900-1,999 meters above sea
level), and high (2,000-2,300 meters above sea level) altitudes. These kebeles are part of
Demographic Surveillance System Site of the Butajira Rural Health Program (BRHP). A
multi-stage sampling method was used to recruit study participants. The various stages were
kebeles as first-stage, villages as second-stage, and households as third-stage units. A total
of 3,393 individuals were recruited from randomly sampled 750 households in 16 villages.
Probability proportion to size sampling method was applied to allocate the number of

households to be sampled from each kebele and village. The study obtained data from



household interview, survey and recruiting all self-reported febrile cases. Household
interview was undertaken by trained data collectors using pre-tested structured questionnaire.
Household altitude reading and geo-reference was recorded from geographical positioning
system location. Seasonal blood surveys were made on quarterly basis between October 2008
and June 2010. From the sampled households, all family members who consented to
participate were requested for blood films. Besides, self-reported febrile cases were
simultaneously checked for malaria infection using RDTs. Blood films were prepared and
slides, processed, read, and cross checked using standard procedures. Parasite count was done
but not used in the present studies. CareStart™ Malaria Plasmodium falciparum/ Plasmodium
vivax combo test result was compared with microscopy. Analytical tools including
descriptive statistics, multilevel analysis, principal component analysis, and complex sample

analysis were employed.

MAIN FINDINGS

The unadjusted prevalence of malaria was found to be 0.93 % [95% CI1 0.79-1.07]; of 19, 207
people, 178 were positive; adjusted prevalence of malaria was estimated at 0.78 (95% CI:
0.48-1.29); of 19, 199 people, 178 were positive. Plasmodium vivax was dominant (86.5%,
n=154) and the rest of the cases were due to Plasmodium falciparum (12.4%, n=22, seven
with gametocyte) and mixed infections (1.1%, n=2).The prevalence varied among villages
with the highest prevalence of 2.8% in Dadesso and Horosso villages (both <1,850 masl), and
the lowest prevalence of 0.0% in Sunke Wenz and Akababi village (2,100-2,180 masl).
Malaria prevalence decreased with altitude: 1.91% [95% CI (1.55-2.27)] in low, 1.37% [95%
C1(0.87-1.87)] in mid-level and 0.36% [95% CI (0.25-0.47)] in high altitude zones; the
highest prevalence was found at low altitude between October and November 2009.
Moreover, malaria varied among age groups and the variation was different at different at
altitudes. It reached its peak in children aged one to four years at mid-level and one to nine
years at low altitudes. However, its prevalence at higher altitude was low and was similar
across all age groups. Plasmodium falciparum malaria occurred rarely throughout the survey
periods, with relatively more cases in October-November 2009 in the low altitude zone.
Plasmodium vivax was found in all survey periods. However, its prevalence differed with
respect to survey period and altitude. Variables like age (children aged below five and 5-9
years), altitude (low and mid-level altitude), and in houses with holes as individual-level

factors; and village-level variables explained most of the variation (ICC= 94%) in individual
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malaria infection. The estimates of village-level variances showed well marked differences in

malaria infection.

Only 28.5% [95%CI 25.8-31.4] of the 739 households surveyed owned at least an ITN.
Household ITN ownership was associated with household heads with no formal education,
male-headed households, more beds in the house, absence of mosquito source reduction, and
nonexistence of main water body. Male-headed households were also more associated with
increased ITN ownership than female-headed ones. Households with ITN observed hanging,
two and more number of ITN owned, not doing source reduction and less than a kilometer
distance from main water body showed high association with use of ITN while the presence
of more ITN observed hanging was a good predictor. Higher prevalence was found among
people surveyed from ITN-owning than non-ITN-owning households (2.1% versus 0.5%).
Malaria infection was more often observed in households owning at least an ITN than in their
counterparts (unadjusted OR 4.1 [95% C.I. 2.2-7.6]).

Overall, 2,394 participants were enrolled in both survey settings. Overall, Plasmodium
positivity was 10.9% (n=87) in household survey and 24.5% (n=392) from health centre
visitors. Among 87 positives, 83.9% (n=73) were caused by P. vivax, 15.0% (n=13) were due
to P. falciparum, and the rest 1.1% (n=1) were mixed infections of both species. Similarly,
78.6% (n=308) were P. vivax, 20.4% (n=80) were P. falciparum, and the rest 1.0% (n=4)
were vivax and falciparum mixed infections. RDT missed 9.1% (n=8) in household and 4.3%
(n=17) in health centre surveys among Plasmodium positive confirmed by microscopy.
Similarly, 3.3% (n=24) in household and 17.2% (n=208) in health facility-based surveys were
detected false positive. Microscopy and RDT showed agreement for 79 positives in
household and 375 positives in health centre survey results. RDT performance varied in
detecting Plasmodium, P. falciparum and P. vivax in both survey settings. Lowest PPV
(64.3%) for Plasmodium and P. falciparum (77.2%) in health centres; and Plasmodium
(76.7%) and P. falciparum (87.5%) in household surveys was determined. Lowest NPV was
found in P. vivax in both health facility (77.2%) and household (87.5%) surveys. Precision of
RDT showed seasonal variation that showed as low as 14.3% PPV (Dec. 2009), and 38.5%
NPV (Nov. 2008) in health centre survey. Lowest PPV (40-63.6%) was observed in
household surveys.

CONCLUSIONS AND RECOMMENDATIONS

The thesis demonstrated that highland fringe areas like Butajira are characterized by low

prevalence of malaria dominated by Plasmodium vivax. Age, slight variation in altitude and

xii



other household and village risk factors are associated with malaria incidence in the present
study. Antimalarial interventions that take age, altitude and household risk factors into
consideration are expected to have greater impact in reducing the incidence of malaria in such
settings. Performance of malaria RDT detecting P. falciparum and P. vivax varied between
health facility and household survey for both species. Age less than nine years, altitude and
poor housing conditions were positively associated with higher prevalence of malaria. A
further study on vivax epidemiology, ITN use and other vector control or malaria prevention

options is recommended.
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1. INTRODUCTION

1.1. Background of the study
Malaria is one of the major causes of illness and death worldwide. Of the seven billion total

world population about 2.4 billion people (41% of the total population) are at risk of contracting
the disease in 2007 (1). Globally, almost one billion people live under unstable or extremely low
malaria risk situations. Although the disease is highly preventable and treatable, the recent World
Health Organization (WHO) report showed that it caused approximately 655,000 deaths in 2010.
Nine out of ten of those deaths were contributed from the African Region (2). Thus, malaria is
globally considered as a priority diseases that caught attentions of various partners. Countries
with high endemic malaria have targeted to reduce malaria morbidity and mortality by 75 percent
by 2015 from the 2005 baseline level through application of an integrated package of preventive
and treatment methods to achieve UN MDG (3). With the strong Roll Back Malaria Partnership,
significant reduction of malaria burden was documented globally including in the African
Region in the last decade (4), through large-scale application of key malaria preventive and
treatment measures that used a new approach known as Scale-Up For Impact (SUFI) (5).

Malaria is endemic in 106 countries situated in the tropical and subtropical areas. The
distribution of the disease varies with space and time. Generally, as the transmission season gets
shorter, the risk of epidemics increases. In Africa, the areas with a short duration of malaria
transmission tend to be located across the Sahelean belt, down through the Horn of Africa in the
east Africa and throughout southern Africa. Thus, 26 African countries in this zone were at
epidemic risk with varying proportion. Among the total 432.7 million people in 26 African
countries, 124.7 million of the people were estimated to be at risk of climate dependent malaria

epidemics (6).

Epidemic malaria comprises an equivalent of 12-25% of the annual worldwide malaria deaths.
Eight of the 26 African countries including Ethiopia had 50% of their population at epidemic
risk. Thus, 32.2 million people of the total 64.4 million people were at risk of epidemic in
Ethiopia (6). The Ethiopian highlands situated between >1500 meters above sea level (masl) and

2500 masl are at high epidemic risk. They experienced repeated malaria epidemics in various
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magnitudes including the recent one in 2003 (7-9). Since the population in these areas has a little
or no protective immunity, previous epidemics caused higher cases of fatality. Abnormal weather
conditions, population movement and resettlement and failure of antimalarial drugs were
suggested as causes of the previous epidemics. Overall, there is scarce information on
epidemiology of malaria in the highlands. A few previous epidemiological studies available were
confined to endemic areas (<2000 masl) and in highland zones of intense transmission (10, 11).
Thus, epidemiological assessment related to estimation of malaria prevalence, risk factors,
effective use of preventive measures and quality of malaria rapid diagnostic tests are required at

highlands with low endemicity and adjacent areas in Ethiopia.

1.2 Statement of the problem

Malaria is a major cause of illness and death that remains a major public health concern.
Although a remarkable decline of the disease has been observed globally since the mid-2000s
including in many African countries (4), there is a possibility of malaria resurgence unless the
present interventions are sustained. Effective use of available interventions, uninterrupted supply
of intervention commaodities and strong surveillance system is imperative to sustain the current

gains in reducing malaria burden. More research is needed to inform the decisions in this regard.

Most of the population of Ethiopian population inhabits the highland areas. Thus, half of the total
population living between altitudes of 1,500 and 2,500 masl (masl) is at risk of malaria and the
areas experience epidemics (9, 12). Several factors are responsible for malaria transmission in
the highlands. Environmental factors such as temperature, rainfall and humidity are vital in
maintaining local malaria transmission. Ecological changes are also important in creating
favourable conditions in highland areas with cool temperature limiting transmission. In the East
African highlands including Ethiopia, the environmental changes such as deforestation have been
ascribed to increased trend of malaria transmission and several epidemics in late 1980s and early
2000s (13). Malaria transmission is remarkably influenced by environmental factors. Since the
mid-2000s, malaria incidence declined (14-16). This was attributed to large-scale

implementation of key malaria interventions since 2005 (17, 18).
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The national malaria control program improved the interventions that included case management
using artemisinin-combination therapies (ACT) (artemether-lumefantrine: AL) and, malaria
rapid diagnostic tests (RDTSs), indoor residual spraying (IRS), and long-lasting insecticidal nets
(LLINS). In the following years, remarkable reduction of malaria burden was documented. In
Ethiopia, a reduction of 73% in in-patient malaria cases and 62% deaths in children aged <5
years reduction were documented (16). In addition, a community-based deployment of AL
demonstrated reduction of the risk of malaria-specific mortality by 37% in North Ethiopia (14).
Despite the profound impact of interventions, malaria still remains the major cause of illness and
death in the country. Under poor surveillance and lack of strong early warning system, there is a

possibility of local malaria resurgence under abnormal weather conditions.

In addition, a recent national malaria guideline recommended that the presence of strong
surveillance, monitoring and forecasting system to deploy vector control such as IRS above
2,000 masl (19). However, in health facilities with poor surveillance system and limited malaria
early warning capacity and subsequent lack of preparedness plan the effect of epidemic might be
severe. Repeated epidemics of different magnitude affected these areas. Previous
epidemiological studies in the highlands of Ethiopia focused on areas with intense transmission
(10, 11, 20).

More interestingly, Plasmodium falciparum and Plasmodium vivax co-exist with almost
competing figures in Ethiopia. Thus, challenging the control efforts and might also be the future
elimination prospects. However, information is patchy on magnitude of malaria and associated
factors, and use of preventive measures in highland and highland-fringe. Thus, generating

accurate information is necessary to strengthen malaria interventions already underway.

So far no study that collected longitudinal data on malaria with emphasis on altitudinal variation
was conducted in Ethiopia. The present study acknowledged the seasonal malaria difference and
designed to measure malaria in three different seasons of the year for two consecutive years.
Malaria risk factors that could guide the targeted interventions were also assessed at different
levels that could guide the targeted interventions. In addition, the effective utilization of all
household members and related malaria infection was assessed. Finally, this study evaluated the
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performance of malaria rapid diagnostic test that detects both falciparum and vivax malaria. Self-

reported febrile cases at survey and health facility level were considered for this study.

1.3. Rationale and significance of the study
Malaria is one of the leading causes of illness and death globally. Most of the malaria burden is

contributed by the sub-Saharan African countries. The relationship between global warming and
malaria in the highlands has been an important concern in the areas. It was suggested that this
expansion is more pronounced at the borders of malaria endemic areas and at higher altitudes
within malarial areas (21). A study showed large potential increases of malaria transmission at
highlands close to the climatic thresholds in Ethiopia (22). Malaria is a disease affected by a
range of factors in addition to climate. However, climate provides the framework within which
transmission is possible and other factors can affect malaria transmission only in spatio-temporal

zones that are climatically suitable.

Understanding local malaria epidemiology at highlands under declining trends of malaria
situation looks important. Therefore, population-based malaria prevalence estimate at varying
altitude and season, identifying malaria risk factors at individual- and village-levels, and
assessing the coverage and use of ITNs, and quality of the diagnostic tests can address the
knowledge gap on malaria epidemiology in the highlands. This longitudinal data generated might
be helpful in developing malaria prediction model in light of improving malaria early warning
system in the country. This study also updates the importance of malaria infection in highland-

fringe areas above 2000 masl and associated use of preventive tools.

There are some important aspects of this study. The first is the methodological approach applied
to detect the low prevalence of malaria in all seasons and inter-annual difference. So far, no such
information has been communicated. Moreover, besides the information generated, both
methodological approaches and analytical tools applied to measure malaria in low endemicity is
believed to be helpful for improving malaria control efforts underway and future research
endeavour. The second is that this study identified high variability of performance of malaria
RDT at highlands. This is practically important as it calls for establishing quality control system

and linking health posts with the nearest health center.
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1.4. Conceptual framework for epidemiology of highland malaria
Unlike areas of intense transmission with persistently high prevalence of infection, areas of low

to moderate transmission with the prevalence of infection vary widely and are even sensitive to
even relatively small natural or man-made changes in the factors of transmission (23). In
relation to the aim of the study the following conceptual framework illustrating the transmission
of malaria in the highland areas is suggested (Figure 1). Six broad categories of factors affecting
the distribution of human malaria infection in space and time and resulting in morbidity and
mortality were identified (23). These factors include: (1) the natural environment and its impact
on vector populations; (2) factors affecting transmission by the adult vector, including interaction
between vector and parasites; (3) the parasite and some of its genetically controlled
characteristics; (4) man the biological factors, including interaction between parasite and man;
(5) man the behavioural, social and economic factors; and (6) specific malaria control measures.
Thus, this study via its stipulated specific objectives made attempts to address the relationship of
these factors in malaria infection. Overall, the present study determined prevalence of malaria
(Paper-1), identified responsible factors for malaria (Paper-11), determined the effective use of
preventive ITN in relation to malaria infection (Paper-111), and evaluated quality of diagnostic
tool (Paper-1V). The figure below presents the relationship between factors affecting the malaria
processes at the bottom and top of (or natural history of malaria). For instance, the vector control
is likely to affect morbidity and mortality while its entomological impact is likely to be affected
by the initial entomological situation, changes in the environment, the quality of operations and

social and economic factors.

The suggested conceptual framework is a simplified one that lacks details of each component.
For example, the study focusing on performance of malaria RDT in detecting Plasmodium
falciparum and Plasmodium vivax compared to light microscopy is not clearly shown. In general,
malaria RDTs are immunochromatographic methods designed to pick malaria parasite antigens
in lysed blood to antibodies fixed to a strip of filter paper in a plastic cassette, card or dipstick
format. Thus, the diagnostic results of RDTs are determined by parasitological status of an
individual. An individual parasitological status is in turn depends on the entomological

inoculation rate, acquired immune status of the population, genetic factors and drugs.
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Figure 1: Conceptual framework for malaria epidemiology, Butajira area, Ethiopia, Oct.2008-Jun.2010.

The overall interaction of cellular immunity, circulating antibodies, and circulating immune
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specific objectives. Thus, four studies included in this thesis (Annex-1) made attempts to address

the knowledge-gap in understanding the epidemiology of malaria in the highlands.

1.5. Literature review
Based on the conceptual framework of the study this section presents the causative agents of

malaria and vectors transmitting, malaria burden at different levels, factors limiting malaria

epidemiology particularly at highland areas, and the control strategies underway in light of the

research question.
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1.5.1. Global burden of malaria
Malaria is widely distributed worldwide and endemic in 106 countries of the tropical and

subtropical areas. Plasmodium falciparum and Plasmodium vivax are the major causes of the
malaria episodes. The real malaria annual incidence and death figures are under estimated (24).
In the past, annually an estimated 350-500 million clinical malaria episodes and >1 million
deaths occur worldwide (25). However, a recent WHO report showed a declining trend of
malaria burden. The real malaria annual incidence and death figures (24), and consequently a
wide range of previous estimates (300-500 million clinical cases) have been used so far.
According to the recent WHO report, in 2010, there were an estimated 216 million cases of
malaria in 106 endemic countries and territories in the world. Of these, there were about 655,
000 estimated deaths (2). This is much lower than the estimated to 225 million episodes and
781,000 deaths (from 2009); and 240 million episodes and 850,000 deaths (from 2008) (26).

Most of malaria burden in the world occurs in the African Region. During 2010, 81% of the 216
million episodes of malaria (174 million cases) and 91% of deaths were contributed by this
region. About 50% of the malaria deaths contributed by the sub-Saharan Africa come from
Nigeria, Democratic Republic of Congo, Uganda and Ethiopia alone (26). On the other hand,
children under 5 years of age contribute about 86% of the global malaria deaths (2). Plasmodium
falciparum is the major cause of malaria burden in Africa. In the last decades, Plasmodium
falciparum showed resistance to chloroquine and sulphadoxine-pyrimethamine (SP). The first

line treatment for this species shifted to ACT and that is being developed (27).

In addition, malaria results in huge economic burden on the countries in malaria-endemic
regions. Approximately, malaria costs African countries more than US$ 12 billion annually in
direct losses (28), although the disease could be controlled for a fraction of that sum. Up to 40%
of African health budgets are spent on malaria each year (5). Evidence has shown that countries
with high proportions of falciparum had 1.3% lower economic growth rates than other countries
(29). On the other hand, Plasmodium vivax is endemic in 95 countries in tropical, sub-tropical
and temperate regions (30), and putting about 2.6 billion people at risk of infection. Ethiopia is
among ten countries with the highest estimated population at risk of this species (30).
Plasmodium vivax accounts for 70 to 390 million annual infections (31). Of these 10-20% occurs
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in Africa, South of the Sahara. In eastern and southern Africa, 10% of malaria cases are due to

Plasmodium vivax (31).

1.5.2. Global malaria control program
Until1954, quinine and environmental measures were the only options for malaria control in

some towns and areas in Europe (32). But those tools had a short-lived effect. Thus, the DDT
(Dichloro-diphenyl-trichloroethane) discovery was a solution as a long-acting insecticide
although long-lasting measures were still sought. Based on the successful elimination of malaria
from Europe, the Americas and some parts of Asia and Oceania, WHO promoted the launching
of global malaria eradication campaign in 1955. However, complete eradication failed in
tropical countries due to climatic, social and economic conditions different from those prevailing
in the temperate zone. For instance, after the initial reduction was obtained, malaria flare ups
were observed in India by the 1970s (33).

The African Continent was not was not considered for the eradication program due to poor
infrastructure for communication, low socio-economic condition and high endemicity of malaria
(34). In spite of these gaps, Ethiopia, South Africa and Zimbabwe were the only countries that
joined the eradication campaign (35). In the meantime, the WHO found that the time-bound
global malaria eradication was unrealistic and stopped the program in 1969. Then, a long term
global malaria control program (MCP) aimed at reducing malaria morbidity and mortality below
the public health importance was adopted (33). However, the periods between 1970s and 1980s
were identified as the time when malaria control deteriorated and resurgent malaria was recorded
(36). This mostly affected mostly people in Latin America, Asia and Africa. Then, in 1992 WHO
convened a global Ministerial Conference on Malaria in Amsterdam to draw up a global strategy
for renewed attack on malaria. This conference has brought governments, health agencies, and
donor organizations together to coordinate their initiatives and resources in the control of malaria
as reflected in the World Declaration on the Struggle against Malaria (37). In addition, malaria
endemic countries endorsed global malaria control strategy that comprised four basic technical
elements such as to provide early diagnosis and prompt treatment; to plan and implement
selective and sustainable preventive measures, including vector control; to detect early

epidemics, contain or prevent them; and to strengthen local capabilities in basic and applied
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research to permit and promote the regular assessment of a country’s malaria situation, in
particular the ecological, social and economic determinants of the disease (37). This renewed
focus on malaria control has prioritized the African Region through the accelerated
implementation of malaria control project held between 1997 and 1998 (38). Next, in 1998 the
WHO, WB, UNICEF and UNDP founded the Roll Back Malaria (RBM) partnership which was
aimed to halve the suffering caused by malaria by 2010 (39).

The RBM focused on malaria in the highly endemic areas of Africa. Forty four of the fifty
malaria-affected countries in Africa were convened to the African Summit on RBM in Abuja,
Nigeria in April 2000. Subsequently, targets were set and it was agreed to meet again in 2010.
These targets focused on early diagnosis and prompt treatment and increased coverage of
preventive measures in children under five years and pregnant women (28). In order to sustain
the malaria control efforts, a funding mechanism called the Global Fund to Fight AIDS,
Tuberculosis and Malaria (GFATM) was established in 2002. Its purpose was to help financing
the global battle against HIV/AIDS, tuberculosis, and malaria (40). In addition, the Millennium
Development Goals (MDGs)" set in 2000 recognize that malaria must be controlled if Africa is
to escape from the cycle of extreme poverty and disease. The MDG6, which is focusing on
malaria is to have it halted by 2015 and begin to reverse the incidence of the disease. This has
been made more specific by the UN Millennium Project’s working group on malaria as “Reduce
malaria morbidity and mortality by 75 percent by 2015 from the 2005 baseline level.” Thus, the
working group on malaria recommended that countries where malaria is rife should use an
integrated package of preventive and treatment methods to achieve this goal (3). Thus, the
member organizations of the RBM Partnership launched the Global Malaria Action Plan. The
Plan is a comprehensive document for global malaria control and elimination (5). The presence
of adequate resources and effective intervention tools as well as successful reduction of malaria
in the last decades helped to move towards this ambitious plan. Decline of malaria in nine
African countries, and more than 25 outside Africa was reported in the last decade (41). Thus,

The UN MDGs by 2015 are: 1. Eradicate extreme poverty and hunger, 2. Achieve universal primary education, 3. Promote
gender equality and empower women, 4. Reduce child mortality, 5. Improve maternal health, 6. Combat HIV/AIDS, malaria and
other diseases, 7. Ensure environmental sustainability, and 8. Develop a global partnership for development.
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the beginning of the 21% century is remarkable mainly due to gains obtained in reducing malaria
cases and deaths using currently available control tools for the disease. Consequently, in 2011
there were estimates that, if control efforts were sustained, malaria could be eliminated from one-

third of all affected countries within a decade.

1.5.3. Malaria transmission
Malaria is a disease caused by protozoa of the genus Plasmodium, family Plasmodiidae, suborder

Haemosporidiidae, and order Coccidia. Four Plasmodium species including Plasmodium
falciparum, Plasmodium vivax, Plasmodium malariae, and Plasmodium ovale were known to
cause human malaria parasites (42). Additionally, the fifth malaria parasite of monkeys of

Southeast Asia, Plasmodium knowlesi, was found that frequently infected humans (43).

Plasmodium typically undergoes two types of asexual division: schizogony in the vertebrate; and
sporogony in the mosquito vector. Within the vertebrate host, schizogony is found both within
erythrocytes (erythrocytic schizogony) and in the liver tissues (exo-erythrocytic schizogony).
The sporogonic cycle, which is very important stage of the parasite’s cycle in terms of
determining the probability of transmission, is affected by environmental factors. The duration
of the sporogony is very sensitive to temperature. On the other hand, the minimum ambient
temperature below which the parasite does not develop in the vector is important. For example,

this threshold is 15°C for Plasmodium vivax and 19°C for Plasmodium falciparum (44).

Moreover, the duration for completion of mosquito’s aquatic stages (egg, larva, and pupa) to
develop to adult depends on temperature and nutritional factors in their environment. The time
required for development is shorter at higher temperatures. Blood meals are generally taken
every 2-3 days, followed by the laying of the next batch of eggs. The feeding frequency also
depends on the ambient temperature. The survival or longevity of the adult female depends on
the humidity and temperature. In Africa, five very efficient vector species (Anopheles gambiae,
Anopheles arabiensis, Anopheles funestus, Anopheles nili and Anopheles moucheti) transmit
malaria (45). In African highlands, Anopheles gambiae s. s., Anopheles arabiensis and
Anopheles funestus are the most important vector species. Anopheles gambiae s. s. and

Anopheles arabiensis species mainly breed in open, sun-lit, small and temporary rain pools and
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sometimes pools formed in streams and rivers resulting from draught conditions. Anopheles

funestus breeds in permanent water bodies such as swamps, ponds and edges of lakes.

1.5.4. Malaria endemicity and transmission intensity
Malaria is described as endemic when there is a measurable incidence both of cases and of

natural transmission over a succession of years (46). Various terms have been used to designate
degrees of endemicity. Four classes of endemicity of malaria based on the parasite rate in
children aged 2-9 years have been widely applied (46, 47). These classes include parasite rate in
children of 2-9 years as a rule in Hypoendemic: <10%; Mesoendemic: 11-50% (may be higher
during part of a year); Hyper-endemic: >50% (may be higher during part of a year); and parasite
rate in infants; and Holoendemic: constantly over 75%. A spleen rate was also proposed but it
was found that it cannot be taken as a reliable index for the amount of malaria.

The intensity of malaria transmission is extremely diverse mainly with respect to resistance to
change. Thus, a more general classification of malaria is whether malaria transmission is stable
or unstable. In the stable malaria, the prevalence of infection is persistently high and only little
affected even by relatively large natural or man-made changes in the factors for transmission. In
contrast, in unstable malaria, the prevalence of infection varies widely and is very sensitive to
even relatively small natural or man-made changes in the factors of transmission (44, 47).
Consequently, collective immunity is low in populations of unstable areas and can be affected by
severe epidemics pertinent to slight changes in equilibrium of transmission components mainly

in the environment (42).

1.5.5. Ethiopia: background review

1.5.5.1. Geography and climate

Ethiopia is a land-locked country in the tropical climate zone of the Greater Horn of Africa. The
country experiences great geographical diversity, its topographic features range from the highest
peak at Ras Dashen, 4,550 meters above sea level (masl), down to the Affar Depression, 110
meters below sea level (48). The climate varies with topography, from as high as 47 degrees
Celsius (°C) in the Affar Depression to as low as 10° C in the highlands. Ethiopia’s total surface

area is about 1.1 million square kilometers. Of that area, only a small proportion (0.7%) is
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covered by water body (49). Djibouti, Eritrea, the Republic of the Sudan, the Republic of the
Southern Sudan, Kenya, and Somalia border the country.

The central topographic feature of the country is constituted of a high plateau and a chain of
mountains; with elevations varying between 1,500 and 3,000 masl, and some peaks over 3,500
masl. The East African Rift Valley runs from northeast to southwest through the country creating
a discontinuity of the central plateau. In Ethiopia, highland areas (>1,500 masl) were considered
as disease free and inhabited by 82% of the nation’s population (50). The highland areas are
surrounded by the lowlands (<1500 masl), where the remaining 18% of the total population
(most pastoralists) lives. Rainfall, temperature and relative humidity are strongly correlated with
altitude (51). Such altitude-dependent climate zones have long been recognized in Ethiopia and
include the Kolla (hot lowlands <1,500 masl; mean annual temperature of 23-33°C; annual
rainfall of 100-900 mm), Weyna Dega (1,500-2,500 masl; mean annual temperature 16-29°C;
annual rainfall of 400-2,400 mm); and Dega (cool humid highlands >2,500 masl; mean annual
temperature of 10-16°C; and annual rainfall of 1,000-1,600 mm) (52, 53).

The country has three seasons including Kiremt (the main rainy season from June to September),
Bega (the dry season from October to December/January), and Belg (the small rainy season from
February/March to May). The mechanisms of rainfall formation for each season vary as briefly
described (54). In general, the mean maximum temperature is highest from March to May and
the mean minimum temperature is lowest from November to December. The general distribution
of annual rainfall is seasonal and also varies in amount, area, and time as it moves from the

southwest to northeast (55).

1.5.5.2. Population
About 92 million people lived in Ethiopia as of July 2012 (49) and with annual growth rate of

2.9%. Ethiopia’s population is young 45% below the age of 15 years (49). Over the last two
decades, the population has increased from 53.5 million in 1994 to 73.8 million in 2007 (56).
There was a slight decline in the population growth rates from 2.9% in 1994 to 2.6% in 2007.
Ethiopia is one of the least urbanized countries in the world; only 16% of the population lives in
urban areas (56). The majority of the population lives in the highland areas. Thus, 45% of the
people live in Weyna Dega, 37% in Dega and the rest in Kolla (18%) climatic zones (53). There
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are 76 different ethnic groups with 286 different languages. Christianity and Islam are the main
religions; about half of the populations are Orthodox Christians, one-third are Muslims, about
one in every five (18%) are Protestants, and 3% are followers of traditional religion (56). The
literacy rate for women is 29 percent and 59 percent for men (57). The gross enrolment ratio in

primary schools at national level is 94% (58).

1.5.5.3. Political system and administrative units
At present, a federal system of government exists. The government is made up of two tiers of

parliament, the House of People’s Representatives and the House of the Federation. Since the
mid-1970s, major changes in the administrative boundaries have been made three times.
Currently, Ethiopia is administratively structured into nine regional states (Tigray, Affar,
Ambhara, Oromiya, Somali, Benshangul-Gumuz, Southern Nations, Nationalities and Peoples:
SNNP, Gambela, and Harari), and two city administrations (Addis Ababa, and Dire Dawa).
Again the regional states and city administrations are further divided into Woredas (districts),
which is the basic unit of planning and political administration at the lower level. The Woredas
are further sub-divided into the lowest administrative units called kebeles.

1.5.5.4. Economy
Ethiopia's economy is based on agriculture, which accounts for 43% of the gross domestic

product (GDP) (48), and 85% of total employment. Coffee has long been one of the main export
items of the country; however, other agricultural products are currently being introduced on the
international market. Between 1974 and 1991, the country operated in a central command
economy but has since moved toward a market-oriented economy.

To help attain the Millennium Development Goals (MDGs) by 2015, Ethiopia adopted the Plan
for Accelerated and Sustained Development to End Poverty (PASDEP), the second poverty
reduction strategy, covering the period 2005/06 to 2009/10 (59). In keeping within place, the
economy has grown in real GDP at a rate of 11% per annum in the past five years. With an
average population growth rate of 2.6%, the GDP growth rate translates to an 8.4%% growth in
average annual per capita income (56). The Growth and Transformation Plan (GTP) has been
developed for the next five years, designed to maintain rapid and broad-based economic growth

and eventually to end poverty (60). In 2013, the country is also engaged in plans to continue the
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construction of its Grand Renaissance Dam on the Blue Nile, which is planned to develop

electricity for domestic consumption and export (49).

1.5.5.5. Healthcare delivery system
The Ethiopian Health Policy endorsed in 1993 is committed to fulfill the needs of the majority of

the rural population targeting on the development of effective promote preventive and curative
services of health care. This policy also emphasizes on the decentralization and democratization
of the health services, ensuring access of health care to all the population, promoting and
enhancing national self-reliance in health development by mobilizing and efficiently utilizing
internal and external resources including community participation (61). Thus, in order to put this
policy into action the government has designed a 20-year Health Sector Development
Programme (HSDP) since 1997/1998, following a set of rolling five-year plans. HSDP not only
serves as a comprehensive national plan but also as a guiding framework for further regional and
district detailed planning and implementation activities. The recent HSDP IV extending from
2010/11 to 2014/15 is targeted to improve the provision of quality health services and the
development of a community health insurance strategy for the country. It also prioritizes
maternal and new born care, and child health. In addition, HSDP IV aimed to overcome the
spread of major communicable diseases such as HIV/AIDS, TB and malaria (60).

A three-tier health system including a Primary Health Care Unit (PHCU), a district hospital, a
zonal hospital and a specialized hospital was established to address the prevailing health
problems of Ethiopia. A PHCU is the lowest level, which is envisaged to promote, preventive
and basic curative health services. A PHCU is consists of a health center and five satellite health
posts (61). Since 2004, MOH initiated a Health Extension Program (HEP) to ensure universal
access to primary health care and equity of essential health care to citizens. The basic concept of
HEP is to empower the community to produce and maintain their own health through transfer of
the right knowledge and skills. Malaria prevention and control, particularly treatment of cases, is

one of the components of health extension packages implemented by health posts (62).

1.5.5.6. Health indicators
In Ethiopia, one of the priorities of the HSDP 1V was improving child health, with a goal to

reduce the under-five mortality rate to 68 per 1,000 live births and the infant mortality rate to 31
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per 1,000 live births by 2015 (63). During the five-year period of the 2011 survey, infant
mortality rate was 59 per 1,000 live births, and child mortality was 31 per 1,000 children
surviving to age one year. The under-five mortality rate was 88 per 1,000 live births. Infant
mortality has declined by 42% over the 15-year period preceding the survey from 101 deaths per
1,000 live births to 59 deaths per 1,000 live births (56).

Furthermore, under-five mortality has declined by 47% over the same period from 166 deaths
per 1,000 live births to 88 deaths per 1,000 live births. Under-five mortality decreased from 166
deaths per 1,000 live births in the 2000 survey to 88 in 2011, while infant mortality decreased
from 97 deaths per 1,000 live births in the 2000 survey to 59 in the 2011 survey. On the other
hand, the overall children vaccination coverage remained the lowest. During 2011 survey, only
24% of children aged 12-23 months were fully vaccinated. While this represents a 19% increase
from the level reported in the 2005 EDHS, the percentage of children who are fully vaccinated
remains far below the goal of 66% coverage set in the HSDP IV (63).

A maternal mortality ratio (MMR) was 676 deaths per 100,000 live births during the seven-year
period preceding the 2011 survey (56). The estimated MMR is almost the same in the 2011
EDHS (676) as it was in 2005 EDHS (673). The HSDP 1V target is to reduce anaemia
prevalence nationally to 12%. Overall, 17% of women aged 15-49 and 44% of children aged 6-
59 months are anaemic. In comparison with the data from the 2005 EDHS, the prevalence of any
anaemia has declined. The total population life expectancy at birth was estimated at 56.56 years
in 2012. The country’s health expenditure was 3.6% of GDP in 2009, which is the lowst in the
world (49). Water and vector-borne communicable diseases are the main causes of health
problem in the country. Emerging non-communicable diseases also contribute significantly to
both morbidity and mortality (64).

1.5.6. Malaria in Ethiopia

1.5.6.1. Malaria epidemiology
Malaria has been endemic in Ethiopia for many years. The concentration of the Ethiopian

population in the highlands is said to be due to widespread occurrence of malaria in the lowlands
(53). European travelers also documented the dominance of malaria in the lowlands mainly

adjacent to the river basins (65). About three-fourths of the landmass of Ethiopia below 2,000
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masl has been considered as either malarious or potentially malarious (66). However, recent

studies found the occurrence of endemic malaria beyond 2,000 masl (12, 67).

In Ethiopia, characteristically malaria is seasonal and unstable, except in western lowland areas
with perennial transmission. The presence and magnitude of the disease is determined by altitude
and climatic factors (7, 68). Thus, malaria occurs immediately after the light rainy season of
March and April and long rains of June through September. Owing to the seasonal nature of
malaria transmission that exists for short duration followed by long period absence of the
disease, generally the population fails to acquire immunity against the disease. Thus, recurrent
epidemics of different magnitude and frequency attacked the people (7, 38).

Of the four human malaria parasites reported from Ethiopia, Plasmodium falciparum (60%) and
Plasmodium vivax (40%) are epidemiologically the most important species in Ethiopia (68).
Plasmodium malariae (<1) is found sporadically in some areas. Plasmodium ovale was found in
a few patients who live or lived in western lowlands of the country, and this part of the country
was suggested as lying in the Plasmodium ovale belt of Africa (69). However, no recent
information is available showing the presence of Plasmodium ovale in the country is available.
The malaria parasite distribution varies with altitudinal location and season. A changing pattern
of species distribution was found with intensive agricultural activities and settlement projects.
The dominance of Plasmodium falciparum and Plasmodium vivax in Gambella, south western
Ethiopia was observed (70), unlike the earlier findings that documented varying proportion of the

entire four parasite species (71).

The anopheline fauna of Ethiopia is highly diversified; a total 42 Anopheles species have been
recorded (53). Studies in the past confirmed that the principal malaria vector in Ethiopia is An.
arabiensis (10). This species has been reported as the vector for most of the epidemics recorded
in the country. Anopheles arabiensis breeds in small, temporary, sunlit water collections created
during the rains. Such breeding places are abundant in many places, just following main rainy
season. The other species are Anopheles funestus and Anopheles pharoensis, considered the most
important secondary vector of malaria next to An. arabiensis (53). Both species prefer large,
permanent, and shaded water bodies with emergent vegetation, irrigation canals and lakeshores.
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Anopheles nili was identified as vector of local importance in malaria transmission in Gambella,
Ethiopia (72).

1.5.6.2. Highland malaria in Ethiopia

Highland malaria has been the major public health concern in Ethiopia. Highland malaria is also
known as epidemic malaria. In the past malaria stratification that was based on duration of
malaria transmission such as only near water, <3 months, 3-6 months, and > 6 months (53).
However, the recent stratification used rainfall and temperature information that identified four
major eco-epidemiological malaria strata (73). These are: malaria-free highlands, where no local
malaria transmission exists (above 2,500 masl), epidemic-affected highland-fringe, areas
(between 1,500 and 2,500 masl), and seasonal transmission areas (lowlands below 1,500 masl),
and malaria stable areas (limited to the western lowlands and river basins). Of these, two strata
including highlands affected by occasional epidemics (between 2,000 and 2, 500 masl), and
highland-fringe with low transmission (between 1,750 and 2,000 masl) are considered as high
epidemic risk. The highland malaria is an epidemic or unstable malaria that is occurring above
1,500 masl in Ethiopia (7).

Epidemic malaria in highland areas represents a significant public health problem. In these areas
there is low risk of infection in highland areas impairing acquisition of functional immunity.
Subsequently, it results in severe epidemics of high case fatality affecting both adults and
children (74). The highland areas of Ethiopia, mainly along the Rift Valley and in western,
central and eastern areas are especially prone to periodic epidemics (7). So far, the epidemics
have occasionally been reported at higher altitudes reaching 2,400 masl during the 1958
epidemic (8) and 2,500 masl during the 2003 (8). Both the 1958 and 2003 epidemics were
associated with abnormal increase in the minimum temperature in the Ethiopian highlands. The
malaria cases and deaths caused by previous epidemics are summarized and presented below
(Table 1). Since most of the epidemics remain undocumented and not available for analysis this
list might not fully describe the full picture of malaria epidemics in highlands of Ethiopia.
Malaria in the highland areas occur in localized sites with optimal condition for mosquito
breeding. The highland areas that experience epidemics were always located in a valley with a

basin-like depression in a plateau, places where water collects and malaria mosquitoes breed
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(75). In addition to altitude and climate, the role of other factors such as ecological and climate
changes associated with highland malaria are briefly presented as follows.

Some interacting environmental factors such as altitude, temperature, rainfall, ecological and
climate changes are known to be influencing malaria transmission at highlands. In Ethiopia,
altitude is one of the oldest defenses against malaria. Hills and mountains, have therefore, been
recognized as natural shelters against the heat and diseases of the lowlands for at least several
centuries in Ethiopia (53, 75).

Table 1: Summary of cases and deaths caused by malaria epidemics occurred between 1958 and 2003 in

Ethiopia.

Years Cases Deaths Avreas affected

1958 3 million 150,000 Northern & central highlands

1965 & 1973 500,000 120,000 Northern & eastern highlands

1985-7 200,000 40,000 Western

1991 2 million No report Wollo, Tigray, Shoa and Gondar

1991-2 700,000 759 Highland-fringe Rift Valley, South, & North western
2003 6.1 million 45-114 Ambhara, Oromia, SNNP** and Tigray Regions

*Sources [Abeku, 2003, Fontaine, 1961, Negash, 2005, Mengesha, 1998]; **SNNP=South Nations Nationalities and Peoples.

Altitude-limiting levels for transmission have been described as approximately 2,000 masl in

many African countries including Ethiopia and 1700-1800 masl in Democratic Republic of

Congo and Zimbabwe (42). The effects of low temperatures are likely to be restricted to discrete

highland areas in Ethiopia and all the East African highlands (76).

Altitude and temperature are strongly correlated and for every 100-meters increase in altitude,
temperature decreases by 0.5°C (42). So, high altitudes were related to low temperatures.
Ambient temperature is critically important both for the development and survival of the

mosquito vector and parasite (75), and subsequently influences malaria transmission at
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highlands. Thus, the duration of sporogony increases hyperbolically with decreasing
environmental temperatures to a point at which parasite development ceases altogether.
Optimum conditions for sporogony are between 25°C and 30°C and it ceases below 16°C.
However, the critical temperature for sporogony varies by parasite species; it is 19°C for

Plasmodium falciparum and 15°C for Plasmodium vivax (47).

In practical terms, transmission is commonly assumed to be limited to months in which the
average temperature is above the threshold (47). Above 35°C, sporogony slows down
considerably and it is also delayed by fluctuation of low temperatures. Moreover, high
temperatures are associated with more rapid development of vectors and also with increased
frequency of feeding by female anophelines. In contrast, extreme high temperatures result in the
development of smaller and less fecund adult mosquitoes, and thermal death of mosquitoes
occurs at 40-42°C (42). On the other hand, the association of malaria transmission and rainfall
including in epidemic situations has been well documented in Ethiopia (7, 9, 68, 77). Anopheles
gambiae often breeds in temporary, turbid water bodies such as hoof prints or rain puddles,
whereas Anopheles funestus prefers permanent water bodies. Both temporary and permanent
water bodies depend on adequate rainfall. Ecological changes are known for creating suitable
factors for mosquito breeding and suitable microclimate. For instance, small-scale environmental
changes such as irrigation and deforestation are observed to have influenced malaria
epidemiology. Data from Tigray, North Ethiopia suggest that parasite rates in the vicinity of
dams are higher than those in outlying areas (78). A recent review has also shown an overlap in
the rise of malaria incidence and prevailing environmental changes in the last three decades in
the East African Highlands including Ethiopia (13). More specific evidence from the highlands
of southwest Uganda showed that establishment of malaria attributed to changes in microclimatic
factors due to land use changes (79). The areas between 1,500 and 2,400 masl were under
extensive farming activity. This was followed by increased mean indoor resting densities of An.
gambiae s. |. and malaria cases. This has been cited as typical example of how malaria is
established in the highlands due to extensive agricultural activities. A study has demonstrated
that the mean indoor temperatures of houses located in the deforested area was 1.2°C higher than

in houses located in the forested area during the dry season and 0.7°C higher during the rainy
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season. Overall, deforestation enhances mosquito reproductive fitness, increasing mosquito

population growth potential in the western Kenya highlands (80).

Furthermore, in the highlands, malaria transmission is sensitive to temperature. In other words,
even with relatively small changes in the climate of highland areas could lead to significant
increases in the local altitudinal limits of malaria transmission. This creates a large proportion of
non-immune community that could be at high risk of infection. In the last century, a temperature
rise of 0.75°C was estimated and an increase of 0.18°C per decade was presumed in the last 25
years (81). This warming of the globe has been associated with resurgence of malaria in the
highland areas in Ethiopia particularly and the African Region generally during the1990s (36, 77,
82-85). In Ethiopia, there was a rise of minimum temperature by 0.4°C in the last decades (86),
and a rise of all the temperature variables by 0.2°C per decade was observed in similar settings of

the Kenyan highlands during the last three decades (87).

1.5.6.3. History of malaria control efforts in Ethiopia
Malaria control efforts in Ethiopia have been underway for more than half a century. They

started in the mid-1950s and underwent series of organizational changes as described below.
Established malaria control efforts in Ethiopia started in the 1950s as pilot control projects. The
control pilots also served for testing the efficacy of DDT in different eco-epidemiological
settings of the country and as a training ground for the subsequent Malaria Eradication Service
in 1959 (35). Those projects were in Kobo-Chercher (1955), Upper Awash Valley (1956), and
Dembia Plain (1957) (69).

Malaria eradication service was established in 1959. In 1964 a comprehensive assessment was
made and a plan for eradication for the period 1966-1980 was worked out. That plan called for
the division of the country into four areas (A, B, C and D), with the execution of preparatory,
attack, consolidation and maintenance phases proceeding by stages in each area (88). In area A
(North Ethiopia), in March 1966 residual spraying was undertaken as part of eradication
campaign. Following three rounds of spraying, a study in 1967 found out only a slight decline in
Plasmodium falciparum in northern and north-eastern parts of the country (88). Both the

technical and financial supports from WHO/USAID and UNICEF as well as the gains of
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countries in malaria elimination influenced Ethiopia to join the eradication campaign (35).
However, following the recommendation of the 22" World Health Assembly Resolution of
1969, the status of malaria programme of Ethiopia was reviewed by a team from the WHO in
May 1970, June 1972 and April 1977. Minor gains were obtained in limited areas of malaria
eradication operational areas. The reduction in malaria prevalence was achieved in some areas at
the beginning of the campaign and opened development opportunities in the fertile lowlands of
the country (69).

The MCP replaced malaria eradication services in 1971. That program was organized as vertical
structure and functioning throughout the country with 17 zonal and 72 sector offices and above
100 laboratories (69). Then, physical integration of MCP with the basic health services took
place in 1977. This has adversely affected the morale of experienced MCP professionals that
resulting in decline in the quality of malaria control activities (89), and resurgence of malaria
followed.

The Ministry of Health revised the integration of MCP and broadened the program to
accommodate other major vector-borne diseases including, Schistosomiasis and Onchocerciassis
(89). Accordingly, under the auspices of the Ministry of Health, semiautonomous National
Organization for the Control of Malaria and Other Vector-Borne Diseases (NOCMVD) was
reorganized in 1986. However, in the case of other vector-borne diseases, effort in the control
was limited to preliminary research findings related to their epidemiology with no national
implementation program. The NOCMVD applied selective vector control supported by
environmental control through regular community participation during the mid-1980s (69).
Again, during the mid-1980s malaria control effort was challenged by many outbreaks
throughout the country. This was the time when huge population movement took place due to the
resettlement in Gambella and Metekel in 1984-5. In addition, 16 major agro-industrial
development schemes with a population of a quarter of a million were underway during the same
period (53). Thus, unprecedented high incidence of malaria was documented during the mid-and
late1980s (90).
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After the establishment of regional health bureaus control of malaria has been decentralized and
integrated with the general health services since July 1993 (91). Then regional and zonal malaria
control program offices were established. The goal of MCP was to reduce mortality and
morbidity due to malaria to an extent that it will no longer be a major public health problem (92).
In order to meet this goal a five-year strategic plan with four main strategies was designed on the
basis of the global malaria control strategy (37). These strategies were to provide early diagnosis
and prompt treatment, plan and implement selective and sustainable vector control measures,
detect early, prevent or contain epidemics, and strengthen local capacity in basic and applied
research (92).

The Ethiopian National MCP focused on strengthening malaria control efforts. In order to fill the
gaps in the workforce, training of health personnel was conducted in 1996. Thus, to solve this
acute problem, MOH trained 42 vector biology technicians for one year. Again, in collaboration
with the Netherlands Government and the WHO, it trained 27 high-level health professionals in a
standard three-month course of the WHO in 1996 (91). The latter training has been underway
until recently. In the last 15 years period, the National MCP of Ethiopia gained momentum in the
fight against malaria. It has designed series of five-strategic plans on the basis of the global
malaria control strategy and applied RBM goals and targets.

1.5.6.4. Current malaria control strategies
In Ethiopia, early diagnosis and prompt treatment; selective vector control; and epidemic

prevention and control have been the main components of the national malaria control program
since 2000 (91). Providing prompt and effective treatment is expected to prevent most cases of
uncomplicated malaria from progressing to severe and fatal illness. To avoid this progression,
treatment must begin as soon as possible, generally within 24 hours after symptom onset.
Effective malaria treatment requires improved diagnosis of malaria (i.e. laboratory-based
microscopy or use of multi-species RDTSs); well-trained health workers in health sectors; and
constant availability of highly efficacious medicines as close to the patient as possible to ensure
prompt access. The WHO recommends universal parasitological diagnosis of malaria to ensure

targeted use of antimalarial drugs for those individuals who actually have malaria (18).
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The selective vector control strategy comprises indoor residual spraying (IRS) and long-lasting
insecticidal nets (LLIN). The primary effects of IRS towards curtailing malaria transmission are
through reducing the life span of vector mosquitoes so that they can no longer transmit malaria
parasites from one person to another; and reducing the density of vector mosquitoes. In areas of
unstable malaria transmission, IRS will prevent seasonal increases in transmission, will prevent
and control epidemics, and can eliminate local transmission of malaria. The average IRS
coverage was approximately 20% until 2007 (15), and has increased to about 50% at present
(93). IRS is an important preventive measure. Appropriate targeting and timing is essential in
order to have a significant effect on prevention of epidemics and reduce the incidence of
transmission. IRS should be applied prior to the transmission season or the anticipated epidemic.
As LLIN ownership and use in the country reaches universal coverage and is sustained over
time, the epidemic threat is expected to be diminishing.

Areas below 2,000 masl are prone to seasonal epidemics, while those above 2000 masl are
occasionally affected due to change in annual weather conditions compounded largely by
deficient rainfall and high temperatures. LLINs are an effective tool to significantly reduce
morbidity and mortality due to malaria. They have three main effects, knocking-down
(incapacitating or killing), repelling, and acting as physical barrier (94). As indicated in the
HSDP IV and the national malaria strategic plan 2011-2015, LLINs should be provided to
households in malaria endemic areas (<2000 masl). Additionally, some kebeles above this
altitude may be targeted for LLIN distribution as well, if there is documented evidence of
repeated malaria outbreaks (19).

The aim of LLIN distribution is to cover all sleeping spaces in households in malaria-endemic
areas so that universal coverage can be ensured. The number of LLIN provided to each
household will be equal to the number of sleeping spaces, thus, on average targeted for universal
coverage of LLIN with one LLIN per sleeping space. More than 30,000 HEWSs have been posted
to each newly constructed health post in 15, 000 kebeles in 2009. The main strategies for the
HEP to increase use of LLINs were approaches like use of social behaviour change, and

communication and implementation of community-based social communication activities (19).
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2. AIM OF THE THESIS

2.1. Overall aim
The overall aim of this thesis was to describe the epidemiology of highland malaria with

emphasis to the magnitude and associated factors as well as interventions in various altitudes in

Butajira area, south-central Ethiopia.

2.2. Specific aims
The specific aims were to:

Determine prevalence of malaria;
Identify malaria risk factors;

Determine factors affecting household ITNs ownership and utilization in relation to malaria

infection; and

Evaluate the precision of multi-species identifying malaria RDTs compared to Giemsa-stained

light microscopy.
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3. SUBJECT S AND METHODS

3.1. The study area and population
This dissertation is based on studies conducted in Meskan and Mareko districts, located about

130 km south of Addis Ababa (Figure 2). These districts are found in Guraghe Zone, Southern
Nations Nationalities and Peoples (SNNP) Regional State of Ethiopia. The study considered six
rural kebeles (the smallest administrative units) out of the total ten in the Demographic
Surveillance Site (DSS) of the Butajira Rural Health Program (BRHP) (95).

do
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Figure 2: Location of the study sites, Butajira area, South-central Ethiopia.

The meteorological data for the last nine years showed that the mean annual rainfall of the study
area was 945 mm (yearly range 510 mm to 1,329 mm), below the average annual rainfall records

in 2009 and 2010. The main rainy season is usually from June to September. The mean
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temperature was 18.2 degrees, with average annual minimum and maximum temperature of 10.0
and 26.3 degrees Celsius (° C), respectively. The study was conducted in the temperate zone of
highland area with an altitudinal transect between 1,800 masl and 2,300 masl stratified into three

climatic zones.

In 2008, there were 58,335 people living in the BRHP DSS. Half (50.1%, n=29,243) of the
population were females. Of the total population, 26,834 of the people lived in our study areas.
Most people in the area practice subsistence farming. Pepper at low altitude and khat (Catha
edulis) at high altitude areas are the main cash crops. The main staple food in the highlands is
Enset (Ensete ventricosum), and in the lowlands maize, wheat, barley and Teff (Eragrostis tef)

are the main crops. Animal husbandry is carried out with the farming.

Odamo, Kelakel, and Asass rivers flow through the area. The population usually obtains health
services at health posts found in each kebele, three health centers (two at low and one at high
altitude) and two hospitals in the area. During this study, two private clinics and two drug
vendors were also found to be operating in the study area. Malaria is one of the important causes
of sicknesses in Butajira area. Between 2004 September and 2010 August, 32.3% (19,923 of
61,654) were microscopically confirmed malaria cases from Butajira and Enseno Health Centers,
and Butajira Hospital. On average, more than 10 thousand malaria suspected cases visited these
public health facilities between 2002 and 2010. IRS operation was performed mainly for
epidemic control in the low altitude areas of the present study area. During 2009/2010, a
spraying of houses were done to control malaria outbreak in Hobe and Bati Lejano kebeles. The
selection of the study area was due to its location in DSS and its connection with Addis Ababa
University as part of the BRH P. Different localities with varying altitude were found to be
suitable for the present study of malaria epidemiology.

3.2. Study design
This thesis used data obtained through community-based repeat cross-sectional study design.

Each study considered in this thesis employed quantitative research methods. Table 2 below
briefly presents the study designs, study populations and data collection periods of each paper

included in this thesis.
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3.3. Sample size calculation

The sample size required for this thesis was estimated as follows. Estimation of the sample size

for Paper-1 (malaria prevalence) was based on 4.1% prevalence from three Ethiopian regions

(96). Using assumptions of expected prevalence of 4%, margin of error =1%, 0=5% (95%

confidence level), design effect =2 and 15% non-response rate, a sample size of 3,393 people

was calculated. Thus, with the assumption of 4.5, average family size of 3,393 people were

recruited from 750 households. Paper Il and 111 used the sample size estimated (n=3,393) to

measure malaria prevalence in this study area (97), considered this sample size to be adequate to

assess risk factors of malaria infection and household ITN possession and usage (n=750) in

Butajira area.

Table 2: Summary of the study design, population and survey period, Butajira area, Ethiopia, Oct. 2008-Jun.

2010.
Paper  Topic Study design Study population Study period
I Prevalence of malaria - Community-based 19,207 people Oct. 2008-Jun.
infection in Butajira area, repeated cross-sectional screened for malaria 2010
south-central Ethiopia blood survey in six kebeles  infection in six
surveys
- Interview on malaria risk
I Malaria risk factors in Butajira - Community-based repeat 19,199 people Oct. 2008-Jun.
area, south-central Ethiopia: cross-sectional blood survey screened for malariain 2010
A multilevel analysis in six kebeles Six surveys
Il Use of insecticide-treated - Household survey in six 739 households Oct.-NOv. 2008
mosquito nets and malaria kebeles
infection in a malaria 19,207 people Oct. 2008-Jun.
highland-fringe area of south- - Community-based repeat  screened for malaria 2010
central Ethiopia cross-sectional blood survey infection in six
in six kebeles surveys
v Performance of CareStart'™ - Community-based repeat 2,394 febrile cases Oct. 2008-Dec.

Malaria Pf/Pv combo test for
diagnosis of Plasmodium
falciparum and Plasmodium
vivax malaria in Butajira area,
south-central Ethiopia

cross-sectional blood survey
in six kebeles

- Screening of febrile
malaria suspected cases

(public health
facilities= 1,598, &
Surveys= 796)

2009 (Health
facilities)

Oct. 2008-Jun.
2010 (surveys)
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3.4. Survey instrument and sampling

This thesis is based on studies that employed a community-based prospective design based on
repeated cross-sectional surveys. A multistage sampling method was used to recruit study
participants. Thus, the different stages were kebeles as the first-stage unit, villages as the second-
stage, and households as the third-stage (98). Six rural kebeles (Hobe, Bati Lejano, Dirama,
Shershera Bido, Yeteker and Wurib) (Table 3), two from each of the three different altitudinal
strata, were selected. The strata were: low altitude (1,800-1,899 masl), mid-level altitude (1,900-
1,999 masl) and high altitude (2,000-2,300 masl) areas. The target of our survey were 4,816
households residing in those six kebeles. Sixteen villages (or clusters of households) with 750
households were randomly selected from the six kebeles for the surveys using probability
proportion to size (PPS) sampling method. Since we expected lower malaria prevalence in the
highlands, proportionally selected more households from the highlands (Table 3).

3.5. Data collection
This thesis used data obtained from household interview, seasonal blood survey and self-

reporting febrile cases. The content of all data collection tools is presented (appendices). The

details of these data collection methods are sequentially presented in the following sections.

3.5.1. Household interview
Data collection was done using pre-tested structured questionnaire and format prepared for this

purpose. Pre-testing of the data collection tool was performed in an adjacent kebele. All data

collectors were fluent in the locally spoken languages.
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Table 3: Proportion of study and sample households, Butajira area, Ethiopia, Oct. 2008-Jun. 2010.

Villages Households Kebeles

Strata/Kebeles

Total, Sampled,

n n Target, n (%) Study, n (%) Sampled, n (%)
Low altitude
Hobe 8 4 845 (17.8) 439 (18.8) 95 (12.7)
Bati Lejano 8 4 879 (18.6) 448 (19.1) 105 (14.0)
Mid-level altitude
Drama 3 1 523 (11.0) 271(11.6) 130 (17.3)
Shershera Bido 4 2 436 (9.2) 341 (14.6) 120 (16.0)
High altitude
Yeteker 8 4 963 (20.3) 488 (20.8) 140 (18.7)
Wurib 3 1 1,090 ( 23.0) 354 (15.1) 160 (21.3)
6 Kebeles 34 16 4,816 (100) 2,341(100) 750 (100)

Data collection through house-to-house was done by DSS enumerators or supervisors of each
study kebeles (Figure 3). All family members who consented to participate in the study were
included. The principal investigator and a supervisor from Butajira DSS did the daily field
supervision and cross-checking of filled-in questionnaires. The altitude readings of the sample
households were recorded using hand-held Global Positioning System (GPS) (Garmin eTrex ®).
The principal investigator and two data collectors (postgraduate students from Addis Ababa
University) conducted the GPS recording.
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Figure 3: Designing of the study, training and household data collection, Butajira area, Ethiopia, Aug. 2008- Jun.
2010.

Socio-demographic characteristics, household assets, ITN use and various malaria risk factors
were obtained using interview. However, ITN ownership and its condition were checked through
observation. In this thesis ITN is defined as a factory-treated net that does not require any further
treatment. Use of ITN is reportedly at least a family member slept under ITN prior night to the
survey. Household assets were used to compute household wealth status. Household wealth
status is @ measure based on an index that divides the household population into quintiles

reflecting household ownership of assets.

3.5.2. Seasonal blood survey
Seasonal blood surveys were performed for all family members of sampled households. Six

cross-sectional surveys were done on the same households for two consecutive years. Thus,
surveys were done in October-November 2008 (a month after the main rainy season), in January-

February 2009 (dry season), in June-July 2009 (main rainy season), in October-November 2009,
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in January-February 2010, and in June 2010. To ensure maximum response rate of participants,
households with absentees were revisited once more. Thin and thick blood smears were prepared
from all family members who consented for the study. Blood specimen processing, examination,
and reporting of results were done using standard guidelines (99). Accordingly, the smears were
air dried, put in slide boxes, and examined by a trained and experienced malaria microscopist at

the field laboratory in Butajira (Figure 4).

2008/10/22 " -

Figure 4: Blood film collection and processing at field (a) and malaria diagnosis (b) at Butajira field laboratory,
Butajira area, Ethiopia, from Oct. 2008 to Jun. 2010.

Thin films were fixed with methanol, and both thin and thick films were stained with 3% Giemsa
stain for 30 minutes. Microscopic examination was done using 1000x magnification. During
microscopic examination, a slide was regarded as negative after examining 100 fields without
finding any parasites (99). Malaria is defined as detection of either Plasmodium falciparum,

Plasmodium vivax, or mixed infection of both species upon microscopic examination.

3.5.3. Evaluation of CareStart™ Malaria RDT
During 2008/2009 there was a demand to introduce multi-species detecting RDT in the malaria

control program of Ethiopia. Thus, various academic and research institutions were requested for
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field evaluation of CareStart™ Malaria Plasmodium falciparum/ Plasmodium vivax Combo test
(designated as RDT afterwards). In this study, self-reported febrile cases were recruited at public
health facilities and house-to-house surveys to evaluate the performance of the RDT. Febrile
cases were requested for blood specimen for preparing thin and thick films and simultaneously
checked for malaria parasites using RDT (Figure 4). RDT results were declared within 20
minutes, while thin and thick films were kept for later examination using microscopy. Specimen
collection and reporting result for malaria RDT were performed using procedures recommended

by the company.

3.6. Data management and quality control
Data entry and cleaning was done using Epi Info version 6 (Centers for Disease Control and

Prevention (CDC), Atlanta, Georgia (USA). The data were carefully cross-checked against the
hard copy in the case of filled-in questionnaires. A training manual was prepared for data
collectors and training was effected. The questionnaire was translated from English to the local
language (Ambharic) and back to English to check for consistency.

To quality assure the microscopic examinations, all positive and 10% of the negative slides were
re-examined by a second microscopist. In the six surveys, seven of 2,094 slides (0.3%) showed
discordant results. The agreement between the first two readers was excellent (kappa = 0.88). A
third reader, blinded to previous results, re-examined those seven slides (six vivax malaria and

one negative).

3.7.1. Prevalence of malaria infection (PaperI)
Data was analyzed using SPSS Statistics version 18.0 (SPSS, Inc., 2009, Chicago). Paper | used

only descriptive statistics to present malaria prevalence. Prevalence was calculated by dividing
the number of people who had Plasmodia species infection by the total number of people
examined from the study population. Chi-squared test and 95% confidence intervals were used to
compare differences between proportions. Households with missing values were not considered

for analysis.
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3.7. Statistical analysis

This study employed various statistical tools as summarized in the table below (Table 4).

Table 4: Different statistical tools applied to different studies, Butajira area, Ethiopia, Oct. 2008-Jun. 2010.

Paper  Data type Statistics Software Effect size

I Longitudinal Descriptive statistics SPSS 18.0 95% ClI, p-value

I Longitudinal Multilevel Model (MLM), STATA 11.0 95% ClI, p-value,
Mixed-effects Logistic MOR, IOR-80

Regression Analysis

I Longitudinal, & Principal Component Analysis ~ SPSS 20.0, IBM®  Odds Ratio, 95%

Cross-sectional ~ (PCA); Complex Samples SPSS® Statistics Cl, p-value
Analysis
v Longitudinal Descriptive statistics, SPSS 20.0, IBM®  95% CI

Sensitivity, Specificity, PPV, SPSS® Statistics
NPV, Kappa statistic

OR=0dds Ratio, MOR=median odds ratio, IOR-80=interval odds ratio at 80%, Cl=confidence interval.

3.7.2. Malaria risk factors (Paper-II)

The mixed-effects logistic regression in the STATA 11.0 software (StataCorp, College Station,
Texas, USA) was used by employing multilevel analysis. Because of the binary nature of the
dependent variable and to consider the hierarchical data structure (Table 5) with possible
correlation between the repeat observations in individuals, a multilevel logistic regression model
was fitted as recommended (100). This model computes the regression using a two-stage system
of equations, which involves the lowest level and higher level equations.

In this case, individual as the lowest-level that explains the individual variation within each
village; and village-level that explains variation among villages were entertained (Table 5).
Previous malaria epidemiological studies have also applied multilevel analysis to identify
malaria risk factors (11, 101).
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Table 5: Two-level structure; individuals are clustered within villages, Oct. 2008 to Jun. 2010, Butajira area,

Ethiopia.

#. Higher Level (Village) [n=16] Lowest Level (Individuals) [N=19,199]
Dadesso 470
Horosso 1,381
Semeno 423
Wulbareg 668
Fasilo and Shibale 928
Gobrano 357
Goyiban 1,090
Yimero 230
Shershera 1,606
Bido 1,387
Kelakel 3,037
Wedo Zuriya 3,771
Agarega and Zenbaba Kolo 778
Kinbot and Jetena 1,150
Sunke and Wenz Akababi 1,032
Zenaba Kolo and Shifo 891

Villages are clusters of households in each study kebele.

The multilevel modeling is a stepwise process and the following three steps were performed. The
first step, examined the empty model, i.e. without adjusting for predictors. The second step
included individual-level predictors with village-level, and the final model was fitted using
village-level and individual-level predictors identified significant in the second step to obtain the

full model.

A total of 16 villages were selected from low, mid-level, and high altitudes. As shown in figure 5
below, the pink-coloured areas are those located in low altitude, the dark-coloured ones are

from mid-level altitude, and the red-coloured ones are from high altitudes.
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Figure 5: Showing villages at low, mid-level, and high altitudes, Butajira area, Ethiopia, Oct. 2008-Jun. 2010.

Descriptive statistics was performed to examine the characteristics of predictor variables.
Multicollinearity was checked using linear regression as recommended (102), but no such
evidence was found. A cross-level interaction between age groups and altitudinal strata were

checked. Adjusted odds ratios with 95% confidence intervals and standard errors obtained from

regression coefficients were used to assess the associations of the predictors and outcome

variable.
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Statistical significance was considered at p<0.05. Intra-class correlation coefficients (ICC),
median odds ratios (MOR) and 80% interval OR (IOR-80) were computed to estimate village-
level variance in Plasmodium infection. MOR and IOR-80 are recommended for estimating
variability of binary outcomes to overcome contextual and interpretational problems with intra
class correlation coefficient (ICC) in a binary outcome (100). The household wealth status was
calculated using measureable assets. The details for computing household wealth status was

described in our previous work (97).

3.7.3. Ownership and use of ITNs in relation to malaria infection [Paper-III]
In this study descriptive statistics, Principal Component Analysis, PCA, (SPSS 18.0), and

Complex Samples Analysis (IBM® SPSS® Statistics, IBM Corp.) were used. SPSS software was
used to do PCA to construct the relative household wealth index, as previously recommended
(12, 103, 104). The ownership of household assets, type of usual water sources, type of product,
and house construction material were used to build the wealth index as input to PCA. Household
asset included land, cow, truck, mill, sewing machine, fridge, television, electricity line,
telephone line, and kerosene. Types of products were wheat and barley, Teff (Eragrostis tef),
pepper, Enset (Ensete ventricosum), and Khat (Catha edulis). House construction materials were

types of roofing and presence of window.

Before performing PCA, suitability of the data for factor analysis was assessed. Inspection of the
correlation matrix revealed the presence of many coefficients of 0.3 and above. The Kaiser-
Meyer-Oklin (KMO) value was 0.88, greater than the recommended value of 0.6 and Bartlett’s
Test of Sphericity reached statistical significance (Chi-square =4479.4, P-value <0.0001). Thus,
both test results were supporting the factorability of the correlation matrix. The PCA result was
repeated with alterations until the resulting model was suitable for the survey data. Finally, we
selected 11 indicators to run the final PCA. PCA revealed the presence of two components with
eigenvalues above 1, explaining 36.0% and 9.8% variance in the dataset, respectively. The first
principal component (with eigenvalues of 5.04) represented 36.0% of the variance in the sample
and was used to generate the wealth index of the study households. The typical orthogonal
rotation method known as varimax was used to minimize complexity of factors (simplify

columns of loading matrix) by maximizing variance of loadings on each factor.
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Eleven variables with greatest weights were loaded on the first principal component: possession
of motorcycle (0.937), sewing machine (0.869), truck (0.869), television (0.809), grain-mill
(0.646), lantern-kerosene (0.610), phone (0.575), electricity line (0.568), bicycle (0.423), types
of sleeping places (0.356) and cart (0.355). The wealth index varied from -.256 to 13.27. Then,
we ordered all households into three wealth groups: the “lowest” ranked group (30.9%, n=228),
followed by the “middle” ranked group (35.7%, n=264), and finally the top third in the “higher”
ranked group (33.4%, n=247). Paper Il used data obtained through complex sample and hence
Complex Samples Data Analysis was applied. This sampling method utilized cluster sampling of
kebeles, villages and households. Thus, households within clusters were more similar than
households randomly sampled from the population as a whole. This sampling design effectively
reduces the information contained in each degree of freedom, which is called design effects
(105). Complex sample violates the assumptions of independence of observations compelling to
correct for design effects during data analysis. Evidence showed that data analysis that does not
consider correcting for design effects leads to underestimation of standard errors and results in
significance tests that are inappropriately sensitive (106).

A common practice to consider for appropriate modeling of the complex sample is computing
weights for each individual in the data set as recommended (107). Briefly, weighting is used to
correct disproportional sample sizes and adjust the collected data to represent the population
from which the sample was drawn. The weight a case has is usually a function of the likelihood
of inclusion in the sample. To adjust such distortion within a sample, every case will be assigned
a weighting factor, by which the corresponding data is multiplied. This factor is determined by
the proportion of the respective group or stratum in the population divided by the proportion of
that group or stratum in the sample (the inverse of the sample fraction in each group). The
weighting factor for each sample household was obtained by applying the syntax available in
SPSS commands and procedures. The weighting factor equals % in population divided by % in
sample. Household is the weighting factor in this study. The calculated values were assigned to
each sample and saved as a new variable using SPSS syntax. The other important step in
accounting for design effects is adjusting or normalizing weights. Weights were adjusted by

dividing the weight by the mean of weights. Similarly, the adjusted weighting were saved to the
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dataset for each case and accounted for all statistical operations. P-values <0.05 were considered

statistically significant.

3.7.4. Evaluation of CareStart™ Malaria RDT [Paper-1V]
The WHO recommended cut-off for sensitivity (95%) and specificity (90%) was applied to

categorize malaria RDTs with low precision (108). Paper IV applied descriptive and Kappa
statistics for data analysis. Sensitivity, specificity, positive and negative predictive values were
computed from cross tabulation of performance of RDT against microscopy as used by another
study(109). Descriptive statistics was obtained as SPSS outputs. Kappa statistics was computed

using recommended procedures (110).

3.8. Ethical consideration
The studies obtained ethical approval from Institutional Review Board of the College of Health

Sciences of the Addis Ababa University, and from the Ministry of Science and Technology of
Ethiopia. The local and regional health authorities were informed. Individual informed consent
was obtained from adults, and from parents or guardians of children aged less than 18 years.
Both electronic and hard copy of the information collected from each participant was kept
confidential. In addition, data analysis was performed on coded individual data. Blood film
collection procedure, which is routinely used in health facilities, was applied. Fingers were
cleaned with alcohol swab and gently pricked with sterile blood single-use lancets to obtain 4-
6l of blood to prepare thin and thick films. For febrile cases, blood films were collected and
applied on grooves of malaria RDTs using a capillary prepared for this purpose. Blood film
collection was performed by trained and experienced health professionals. Obviously, a transient
pain can be experienced after pricking. Participants were advised to hold their pricked finger
with alcohol swab to stop more bleeding. Malaria RDT result was declared after 20 minutes and
all patients with malaria during the survey were directly treated according to the national
guideline (111). Moreover, artemether-lumefantrine and chloroquine stocks were kept at health
posts for treatment of cases occurring between our repeated surveys. Participants were informed
that they can drop out from the study at any time. This was equally explained during interview

and house-to-house survey.
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4. MAIN FINDINGS
The main findings of this thesis are based on four studies as stipulated in the specific aims. Those

studies consisted of estimating malaria prevalence, identifying risk factors, using ITNs and
malaria infection, and evaluating performance of CareStart"™ Malaria rapid diagnostic tests
detecting Plasmodium falciparum and Plasmodium vivax. The summary of main findings in each

paper is presented in Table 6 below and details described in the following section.

Table 6: Summary of the main findings of each study, Butajira area, Ethiopia.

Topic Main findings
Malaria Low malaria prevalence at highland-fringe area (0.93%, 178 of 19,207);
prevalence

Malaria prevalence increased from high to low altitudes:

Low (1.91%), Mid-level (1.37%) and high (0.36%); Prevalence varied among villages (0%-
2.8%), higher at low altitude;

Malaria varied among different age groups, and varying in different ways at different altitude;
Malaria present throughout the year, but predominant following main rainy season;

Plasmodium vivax was found in all survey periods, but varied with respect to survey period.

Malaria risk Malaria is age and altitude dependent;

factors
Malaria is more prevalent in children aged <5 and 5-9 years; low altitude, mid-level altitude,

and houses with holes;

Multilevel analysis identified individual-level (age) and village-level risk factors (altitude).

Use of ITNs Very low ITN coverage (28.5%) with higher deficit between the targets of the NMCP;

and malaria
infection Household ITN ownership associated with no education, absence of main water body, not

practicing source reduction, presence of two or more beds, and male-headed household;

Use of ITN associated with number of ITN hanging, owned, not practicing source reduction and
located within a kilometer distance;

More malaria infection observed in individuals from ITN-owning households (2.1%) compared
to their counterparts (0.5%)

Performance Varying sensitivity for different settings: (1) at field: 90.8% for Plasmodium, and (2) health
of malaria facility: 95.7% for Plasmodium;

RDT
Lower PPV (76.7%) for Plasmodium falciparum, and lower NPV (77.2%) for Plasmodium

vivax.
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4.1. Prevalence of malaria infection [Paper I]
The unadjusted prevalence of malaria was 0.93 % [95% CI 0.79-1.07]. However, the prevalence

varied among the villages with the highest prevalence of 2.8% in Dadesso and Horosso villages
(both below 1,850 masl), and the lowest prevalence (0.0%) at Sunke Wenz and Akababi village
(2,100-2,180 masl). Malaria also varied with altitude with prevalence of 1.91% [95% CI (1.55-
2.27)] in low, 1.37% [95% CI (0.87-1.87)] in mid-level and 0.36% [95% CI (0.25-0.47)] in high
altitude zones. The highest prevalence was found at low altitude between October and November
2009 (Table 7).

Table 7: Prevalence of malaria in different altitudes in six survey periods, Butajira area, Ethiopia, 2008-2010.

Low Mid-level High
Seasons Pos. /[Exam.,  Prev. Prev. Prev. Tota(l], "
! ' 4 Pos./Exam.n 7" Pos./Exam.n o (%)
Oct.-Nov.’08  16/1003 1.59 2/353 0.57 2/2060 0.97 20 (11.36)
Jan.-Feb.’09 6/928 0.65 2/348 0.57 3/1929 0.15 11 (6.25)
Jun.-Jul.’09 16/951 1.68 8/339 2.36 3/1937 0.15 27 (15.34)
Oct.-Nov.’09  43/924 4.76 8/345 2.32 20/1941 1.03 71 (40.34)
Jan.-Feb.’10 21/920 2.28 6/317 1.89 7/1890 0.37 34 (19.32)
Jun. ‘10 4/822 0.49 2/338 0.59 7/1862 0.37 13 (7.39)
Total 106/5548 191 28/2040 1.37 42/11619 0.36 176 (100)*

Pos. =positive, Exam. =Total examined, Prev. = Prevalence;
*Two were mixed infections of falciparum and vivax malaria.

Malaria varied among age groups, and in a different way at varying altitudes. At mid-level
altitudes, malaria infection reached its peak in children aged one to four years and at low
altitudes in children aged one to nine years. However, its prevalence at higher altitude was low

and was similar across all age groups (Figure 6).
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Figure 6: Age-specific prevalence of all forms of malaria infection by altitudinal strata, Butajira area, Ethiopia,
2008-2010.

Table 8: shows that Plasmodium falciparum malaria occurred rarely throughout the survey
periods, with relatively more cases during the survey from October-November 2009 in the low

altitude zone.

Table 8: Prevalence of Plasmodium falciparum (n=22) in Butajira area, Ethiopia, 2008-2010.

Altitude Zone Low Middle High

Season rI::os. [Exam., Prev., % Eos. [Exam., Prev. % rI::os. [Exam., Prev., %
Oct-Nov.’08  0/1003 0 2/353 0.57 0/2060 0
Jan.-Feb.’09  0/928 0 0/348 0 0/1929 0
Jun.-Jul’09  6/951 0.63 0/339 0 0/1937 0
Oct.-Nov.’09  11/924 1.19 0/345 0 3/1941 0.15
Jan-Feb.”10  0/920 0 0/317 0 0/1890 0

Jun. ‘10 0/822 0 0/338 0 0/1862 0

Total 17/5548 0.31 2 /2040 0.10 3/11619 0.03

Pos. = Positive, Exam. = Total examined, Prev. = Prevalence.
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Plasmodium vivax was found in all survey periods; however, the prevalence of Plasmodium

vivax differed with respect to survey period and altitude (Table 9).

Table 9: Prevalence of Plasmodium vivax (n=154) in Butajira area, Ethiopia, 2008- 2010.

Altitude Zone Low Middle High
Seasons Pos. / Exam., n (I;:ev., Pos./Exam.,n Prev.,% Pos./Exam., n (I;Orev.,
Oct.-Nov.’08 16/1003 1.59 0/353 0 2/2060 0.97
Jan.-Feb.’09 6/928 0.65 2/348 0.57 3/1929 0.15
Jun.-Jul.’09 10/951 1.05 8/339 2.36 3/1937 0.15
Oct.-Nov.’09 32/924 3.46 8/345 2.32 17/1941 0.87
Jan.-Feb.’10 21/920 2.28 6/317 1.89 7/1890 0.37
Jun. ‘10 4/822 0.49 2/338 0.59 711862 0.37
Total 89/5548 1.60 26/2040 1.27 39/11619 0.34

Pos. = Positive, Exam. = Total examined, Prev. = Prevalence.

4.2. Malaria risk factors [Paper-II]
A total of 19,199 individuals with complete data were used for this study. Most of the

participants were 15 years of age and above with a mean (£SD) age of 20.4 (£17.1) years. About
51% of the participants were females. Malaria prevalence was estimated as 0.78 (95% CI: 0.48-
1.29) in adjusting for residence of village and 0.93 (95% CI: 0.81-1.08) in unadjusted estimation.
In our similar work, we found most of the infections were due to Plasmodium vivax (86.5%,
n=154) and the rest due to Plasmodium falciparum (12.4%, n=22) and mixed infections (1.1%,
n=2). Multilevel multivariate logistic regression analysis found persistent association of age,
altitudinal strata and house status with higher risk of malaria infection (Table 10). Children aged
below five years (adjusted OR= 3.62; 95% CI: 2.42-5.40) and those aged 5-9 (adj. OR= 3.46;
95% CI: 2.34-5.12) were affected most. The low altitude (adj. OR=5.15; 95% CI: 2.57-10.32,;
IOR-80: 3.45-7.69), mid-level altitude (adj. OR= 3.32; 95% CI: 1.62-6.81; IOR-80: 2.22-4.95)
and houses with holes in walls (adj. OR=1.58; 95% CI: 1.11-2.25; IOR-80: 1.06-2.36) were also

associated with increased malaria infection.
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Table 10: Predictors of malaria risk obtained from multilevel logistic regression analysis,

Butajira area, Ethiopia, Oct. 2008 to Jun. 2010.

Factors

Unadjusted Odds Ratio

(95% Cl)

Adjusted Odds Ratio
(95% CI)

Fixed effects

Individual-level factors

Age groups
<5 3.66 (2.45-5.46 )** 3.62 (2.42-5.40 )**
5-9 3.47 (2.35-5.14 )** 3.46 (2.34-5.12 )**
10-14 1.52 (0.90-2.59) 1.50 ( 0.88-2.55)
Gender: Male 1.33(0.99-1.80) 1.25(0.93-1.69)

Village-level factors

Altitudinal Strata

Low 4.97 (3.07-8.03 )** 5.15 ( 2.57-10.32 )**
IOR-80% (3.39-7.84)

Mid-level 3.06 (1.47-6.37 )* 3.32 (1.62-6.81)*
IOR-80% (2.18-5.05)

Wealth group

Lowest 1.62 (0.81-3.23) 0.75(0.37-1.55)
Middle 1.15(0.68-1.96) 0.97 (0.57-1.65)
House status
Dilapidated 0.98 (0.59-1.62) 0.94 (0.56-1.57)
Walls with holes 157 (1.11-2.23)* 1.58 (1.11-2.25)*
IOR-80% (1.04-2.41)

*p<0.05, **p<0.001, IOR-80=interval odds ratio-80.

Table 11 presents the individual- and village-level variance using coefficients and 95%

confidence interval. The estimates of village-level variances showed well explained differences

in malaria infection. The village-level intercept variance for the individual-level predictor (0.77

[95% CI: 0.31-1.95]; SE=0.21) and final model (0.053, [95% CI: 0.004-0.680]; SE=0.15) were
lower than that of empty model (0.84, [95% CI: 0.34-2.09]; SE=0.21). The ICC value for the

final model was 94.0%.
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Table 11: Results showing coefficients of multilevel models predicting the probability of Plasmodium infection,

Butajira area, Ethiopia, Oct. 2008 to Jun. 2010.

Parameters

Empty model Coefficients
[95% CI] (SE)

Individual-level predictor model
Coefficients [95% CI]
(SE)

Final model Coefficients [95% CI]
(SE)

Fixed effects

Village intercept

0.78 [0.48-1.29] (0.25)

0.36 [0.48-1.29] (0.29)

0.16 [ 0.09-0.271 (0.27)

Age group
<5 1.28[0.88-1.681(0.20 )** 1.28 [0.88-1.69] ( 0.20 )**
5-9 1.23[0.84-1.631(0.20 )** 1.2410.85-1.631(0.20 )**
10-14 0.41[-0.12-0.941(0.27) 0.40 [-0.12-0.9371(0.27)
Gender: Male 0.22[-0.08-0.521(0.15) 0.22[-0.08-0.521(0.15)
Strata
Low 1.64[0.94-2.33]1(0.35)**
Middle 1.20[0.48-1.927(0.37 )*

Wealth status

Lowest

-0.28 [-0.08-0.521(0.37)

Middle

-0.03[-0.56-0.501 (0.27 )

House status

Dilapidated

-0.01[-0.56-0.50] (0.26)

With holes

0.46 [ 0.10-0.81] (0.18 )*

Random effects

Village intercept
variance

0.84[0.34-2.09] (0.21)

0.77[0.31-1.95] (0.21)

0.053 [ 0.004-0.680 (0.15)

ICC (%) 203 19.0 11
MOR 2.39(0.21) 2.30 (0.21) 1.24(0.15)
PCV (%) - 83 94.0

*p<0.05; SE=standard error of variance, ICC = intra-class correlation coefficient, MOR=median odds

ratio, PCVV= proportional change variance.
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Moreover, the MOR values for the empty (2.39+0.21), individual-level predictors (2.30+0.2) and
final (1.20+0.16) models were large indicating the between-village difference in the risk of
malaria infection. MOR equal to 1.20 shows that difference between-village increased by 1.20
times the individual OR of getting a malaria infection when randomly picking out two persons in

different villages.

4.3. Ownership and use of ITNs in relation to malaria infection [Paper-III]
Of the total 739 household heads interviewed more than half (55%) were females. The age of

participants varied from 18 to 99 years and with mean age of 39.2 years. Of the 739 households
surveyed, 28.5% [95%CI 25.8-31.4] owned at least an ITN, with a mean of 1.54 [95% CI 1.45-
1.63] ITNs per household. Households possessing >2 ITNs were less than half (47.4% [95% CI
40.0-55.0) and all of them were from low altitude. Household ITN ownership was higher in low
altitude (n=155, 62.1% [95% CI 56.2-67.6]; F (1, 285) =16.3, P<0.001) than in high altitude (n= 16,
3.5% 95% CI [2.1-5.7%]; F (1, 452) =377.1, P<0.001). Among ITN-owning households (n=171),
85% [95% CI 79.0-89.5] had at least a family member who slept under a net (n=142) the night
prior to the survey. However, we observed ITN hung in less than half (43.6% [95% CI 36.3-
51.2%]) of the households owning at least an ITN (data not shown).

Household heads with no formal education had above 35-fold higher ITN ownership compared
to those with formal education. Household characteristics such as absence of main water body
(above 6-fold), not doing mosquito source reduction (more than 3-fold) and presence of two or
more beds in the household were significantly associated with increased household ITN

possession than their counterparts. Male-headed households were also significantly associated

with increased ITN ownership than female-headed households (Table 12).
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Table 12: Predictors of household ITN ownership (N= 739) obtained from Complex
Samples Logistic Regression Model, Butajira area, Ethiopia, Oct.-Nov. 2008.

Household Unadjusted Adjusted
characteristics

OR  95% Cl of OR OR  95% Cl of OR

Household head

Education

Not educated 31.3 9.4-104.4 35.1 10.6-116.2
Educated 1 1

Wealth status

Low 15 1.0-2.2 1.3 0.7-2.4
Middle 0.5 0.3-0.9 0.8 0.4-1.5
High 1

Female-headed

No 1.3 0.9-2.0 1.7 1.05-2.89
Yes 1 1

Number of beds

1 1

>2 2.1 1.4-3.1 2.7 1.6-4.6
Mosquito source

reduction

No 4.7 3.1-7.0 3.4 2.1-565
Yes 1 1

Main water body

None 6.5 3.9-10.8 6.4 3.5-11.8
<lkm 1.9 1.2-2.9 1.1 0.6-1.9
>1km 1

HH head’s educational status, wealth status, gender, number of beds,
mosquito source reduction and distance from main water body were

included in the final model and controlled for these variables.

Households with ITN observed hanging, two and more number of ITN owned, not doing source
reduction and farming occupation showed statistically significant association with the likelihood
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to use ITN. Of those, the presence of more ITN hanging in a household is a good predictor of
ITN use (Table 13).

Table 13: Predictors of household ITN use (N=171) obtained from Complex Samples
Logistic Regression Model, Butajira area, Ethiopia, Oct.-Nov. 2008.

Household factors Unadjusted Adjusted

OR 95% ClI of OR OR 95% ClI of OR
No. of ITNs hanging
0 1
1-2 12.1 3.5-424 21.0 5.2-85.1
No. of ITNs owned
1 1
2-4 4.3 1.5-12.1 4.8 1.3-17.5
Mosquito source
reduction
No 2.8 1.2-6.9 4.2 1.3-13.6
Yes 1 1
Wealth status
Low 3.3 1.1-9.9 3.55 1.04-12.14
Middle 0.7 0.3-1.9 0.51 0.15-1.69
High 1 1
Main water body
None 1.3 0.5-3.3 1.7 0.6-5.4
<1l km 2.1 0.7-5.8 3.9 1.2-12.1
>1 km 1 1

HHs with hanging nets, number of ITN owned, mosquito source reduction,
wealth status and distances from main water body were entered into the
final model and controlled for these variables.

About two-thirds (63.6%) of the participants were from low wealth index category; while less
than 10% each were from households with middle and high wealth index categories in ITN-
owning households. Higher prevalence was found in people surveyed from ITN-owning than
non-1TN-owning households, 2.1% versus 0.5%, (Table 14). Malaria infection was more often
observed in households owning at least an ITN than in their counterparts (unadjusted OR 4.1
[95% C.I. 2.2-7.6]; F (1, 22) =25.2, P<0.001) (data not shown).
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Table 14: Household ITN ownership status in relation to malaria infection in Butajira area, Ethiopia, Oct. 2008-Jun. 2010.

Variables Prevalence (P) of malaria infection
Total slides Total ITN-owning None ITN-owning
screened P (95% CI ), P (95% Cl ), P(95%CIl), n

n n

Overall 19199 1.0(0.8-1.2), 2.1(1.6-2.8), 05(0.4-0.7), 84
178 94

Age

<5 3042 1.8 (1.0-3.3), 3.4(22-54), 1.0(0.4-25), 25
54 29

5-9 3513 1.8(0.9-3.7), 45(24-8.1), 0.7 (04-1.2), 21
59 38

10-14 2702 0.8(0.4-15), 15(0.9-26),9 05(0.2-09), 11
20

15-99 9942 0.5(0.4-0.6), 0.8 (0.5-1.5), 0.3(0.2-05), 27
45 18

Sex

Male 9347 1.2(0.7-2.0), 2.6 (15-44), 0.6(0.4-0.8), 43
99 56

Female 9852 0.8 (0.5-1.3), 1.7(13-2.2), 05(0.3-1.0), 41
79 38

Altitudinal strata

Low 5547 19 (15-24), 23(17-29), 1.0(0.6-1.7), 16
107 91

Mid-level 2034 1.4(0.9-2.3), 1.1(0.4-2.7), 1.4(08-24), 28
29 1

High 11618 0.3(0.2-0.5), 0.4 (0.1-1.6), 0.3(0.2-0.5), 40
42 2

Survey seasons

Oct.-Nov. 2008 3419 0.7 (0.3-1.8), 1.8 (0.6-5.2), 0.2(0.1-08), 6
20 14

Jan.-Feb. 2009 3205 0.4 (0.2-0.6), 0.6(0.31.1), 0.3(0.1-0.7), 7
11 4

Jun.-Jul. 2009 3229 0.9(0.4-1.7), 1.9 (0.9-3.7), 0.5(0.2-1.0), 13
27 14

Oct.-Nov.2009 3213 2.4(1.5-4.0), 5.3(3.2-8.5), 1.3(0.9-1.8), 34
72 38

Jan.-Feb. 2010 3120 11(0.6-23), 2.6(1.4-48), 0.5(0.2-1.2), 14
35 21

Jun. 2010 3013 0.4 (0.2-0.9), 0.4 (0.1-1.5), 0.4(0.2-1.0), 10
13 3

Wealth index

Low 6379 1.8(1.2-2.5), 2.1(1.3-3.3), 1.2(0.8-1.8), 32
111 79

Middle 6419 0.7 (0.4-1.2), 3.6(1.8-7.1), 0.4(0.3-0.7), 28
40 12

Higher 6401 0.3(0.2-0.8), 0.6(0.2-22),3 0.3(0.1-08), 24
27
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4.4. CareStart™ Malaria RDT Precision [Paper-1V]
This study used complete data from 2,394 self-reportedly febrile cases. Febrile cases visiting

OPD were prospectively recruited at two health centres (66.8%, n=1,598) and household surveys
(33.2%, n=796). More participants were recruited from Enseno Health Centre (73.7%, 1,178 of
1,598) and the rest from Butajira Health Centre (26.3%, 420 of 1,598). Mean (£SD) age was
13.9£13 and median 10 years (one month to 70 years) health centre surveys; and 19.7+18.2 (one
month to 99 years) with median 13 years in household surveys. A total of 31 infants (six from

household and 25 from health centre surveys) suspected for malaria were screened.

The microscopic results showed that 10.9% (n=87) of people examined were Plasmodium
positive in the household surveys. Of those, 83.9% (n=73) were caused by P. vivax, 15.0%
(n=13) were due to P. falciparum, and the rest 1.1% (n=1) were mixed infections due to both
vivax and falciparum malaria. Similarly, 24.5% (n=392) of people were malaria infected among
febrile cases visited health centres. Among them, 78.6% (n=308) were P. vivax, 20.4% (n=80)
were P. falciparum, and the rest 1.0% (n=4) were mixed infections due to both vivax and
falciparum malaria. Eight of 25 (32%) children below six months were diagnosed as P. vivax
infected.

Plasmodium infection varied among different age groups, and males were more infected than
females in both survey settings. Higher proportion of the malaria infection occurred during peak
malaria transmission in both survey settings. About 67% of the total positives cases were
screened during October-November 2009 and about 20% during October-November 2008 in
household surveys. Moreover, above half of the positives during October 2009 and one-fifths
during August and November 2009 each, in the health facility-based surveys (Table 15).
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Table 15: Characteristics of study participants in household and health facility-based surveys, Butajira area,
Ethiopia, 2008-2010.

Factors Household survey  Microscopy positive Health centres Microscopy positive
(N=796), n% (n=87), n(%) (N=1,598), n (%) (n=392), n(%)

Age groups

<5 178 (22.4) 27 (31.0) 495 (131.0) 117 (29.8)

5-9 150 (18.8) 28(32.2) 293(18.0) 84(21.4)

10-14 86 (10.8) 10 (115) 179 (11.2) 56 (14.3)

>15 382 (48.0) 22(25.3) 63(39.5) 135 (34.4)

Gender

Male 382 (48.0) 48 (55.2) 754 (47.2) 203 (51.8)

Female 414 (52.0) 39 (44.8) 844 (52.8) 189 (48.2)

Seasons

Oct.-Nov.2008 603 (75.7) 17 (19.5)

Oct. 2008 63(3.9) 9(2.3)

Nov.2008 18(1.1) 12(3.1)

Jan.-Feb.2009 46 (5.8) 2(23)

Jun.-Jul. 2009 46 (5.8) 9(10.3)

Aug. 2009 156 (9.8) 76 (19.4)

Sept. 2009 28(1.8) 13(3.3)

Oct.-Nov.2009 100 (12.6) 58 (66.7)

Oct.2009 721(45.1) 201(51.3)

Nov.2009 521(326) 78(19.9)

Dec.2009 91(5.7) 3(08)

Jan.-Feb.2010 0

Jun.2010 1(0.1) 1(1.0)
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Table 16 presents the sensitivity, specificity, positive and negative predictive values of

CareStart™ RDT compared to microscopy in both surveys. CareStart™ RDT showed low

sensitivity in overall Plasmodium (90.8%) and P. falciparum (87.5%) in household survey; and

in P. vivax (92.8%) in health facility surveys.

Table 166: Performance of CareStart'™ Malaria Plasmodium falciparum/Plasmodium vivax Combo test in
febrile cases, Butajira area, Ethiopia, Oct.2008-Jun. 2010.

Setting/indicators Sensitivity Specificity PPV NPV Kappa
Health Centres
95.7 82.7 64.3 98.3
All Plasmodium 0.69
(93.2-97.3) (80.5-84.8) (60.3-68.1) (97.3-99.0)
95.9 92.8 77.2 98.9
P. falciparum* 0.81
(88.7-98.6) (89.3-95.2) (67.6-84.5) (96.8-99.6)
92.8 95.9 98.9 77.2
P. vivax* 0.81
(89.3-95.2) (88.7-98.6) (96.8-99.6) (67.6-84.5)
Household surveys
90.8 96.6 76.7 98.8
All Plasmodium 0.81
(82.9-95.3) (95.0-97.7) (67.7-83.8) (97.7-99.4)
87.5 98.5 87.5 98.5
P. falciparum* 0.86
(52.9-97.8) (91.9-99.7) (52.9-97.8) (91.9-99.7)
98.5 87.5 98.5 87.5
P. vivax* 0.86
(91.9-99.7) (52.9-97.8) (91.9-99.7) (52.9-97.8)

*Mixed infections excluded, PPV= Positive predictive value, NPV= Negative predictive value.

Similarly, low specificity observed in overall Plasmodium (82.7%), and P. falciparum (92.8%)

in health facility surveys, and in P. vivax (87.5%) in household surveys. Moreover, lowest PPV

was determined in overall Plasmodium (64.3%) and P. falciparum (77.2%) in health facility; and
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overall Plasmodium (76.7%) and P. falciparum (87.5%) in household surveys. Negative
predictive value of the test was good in both overall Plasmodium and P. falciparum. However,
lowest NPV was found in P. vivax in both health facility (77.2%) and household (87.5%)
surveys. The test and microscopy showed almost perfect agreement for household and health
centres surveys (Table 16).

Figure 7 presents varying RDT performance among different seasons in household surveys.
Sensitivity varied between 82.3% and 100%, and specificity between 78.4% and 98.6%. Low
sensitivity (82.3) was observed during October-November 2008 and low specificity (78.4%)
during June-July 2009. The lowest PPV of 63.6% (October-November 2008), 40.0% (January-
February 2009), and 50.0% (June-July 2009) was obtained; and it appears corresponding with
malaria infection of 19.5%, 2.3% and 10.3%, respectively. Over all RDT precision was found to
be better during October-November 2009 (Figure 7).
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Figure 7: CareStart"™ Malaria RDT performance in different seasons for household surveys, Butajira area,
Ethiopia, Oct.2008-Nov. 2009.

The highest proportion of positives (40.3%, 71 of 176) were found during October-November
2009 compared to the rest of the seasons (6.2-19.3%) (97). In health facility surveys, the
sensitivity was between 93.6% and 100%. Good sensitivity of from 98.7% to 100% was
observed, except the relatively low sensitivity during October 2009 (94.5%) and November 2009
(93.6%). Specificity (73.6-96.3%) while substantial differences in PPV and NPV. Low PPV of
60.9-92.3% in all seasons, and the least (14.3%) in December 2009 was observed. Highest NPV
(97.3-100%) was obtained, except the lowest (38.5%) was found in November 2008, which

overlapped with a few malaria suspected cases (n=18) were screened (Figure 8).
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Figure 8: CareStart"™ Malaria RDT precision in various seasons for health facility surveys, Butajira area, Ethiopia,
Oct.2008-Dec. 2009.
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Low sensitivity was seen in <5 aged (84.6%) and 5-9 aged (89.5%) children compared to older
children, 10-14 years (100%) and >15 years (95.4%). However, good specificity with almost
similar precision (94.7-97.5%) was revealed in different age categories; and low PPV (67.7-
89.3%), and highest NPV (97.3-100%) was determined (Figure 9).
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Figure 9: CareStart™ Malaria RDT precision for different age categories in household surveys, Butajira area,
Ethiopia, Oct.2008-Nov. 2010.

In health facility-based surveys, RDT demonstrated persistently good sensitivity (95.2-100%) in
children aged between <5 and 10-14 years, except 93.3% in >15 years. Low specificity (72.4%-
84.9%) and PPV (59.7-71.4) was observed in all age groups, extremely low PPV in <5 and >15
years. (Figure 10). NPV was the highest throughout the survey in both survey settings.

67



102
9

~1

9

2

8

~1

8

[

7

~1

7

[

6

~1

Percentage (%)

6

[

h
~1

h
[

<5 5-9

5- 10-14 15-70
Age groups

N Sensitivity H Specificity B PV positive B PV negative

Figure 10: CareStart™ Malaria RDT precision for different age categories in health facility surveys, Butajira area,
Ethiopia, Oct.2008-Dec. 2009.

CareStart™ RDT missed a few P. vivax (4.5%, n=10) and P. falciparum (5.9% n=5) with
asexual parasite count of > 500 p/pl of the microscopy confirmed at health facilities. Moreover,
the RDT failed to detect 10.3% (n=7) of vivax malaria, five of those with > 500 p/ul and the rest
two with <200 p/ul in household survey. However, a single (1 of 13) falciparum case was missed
by RDT in household surveys (Table 17).
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Table 17: Comparison of asexual parasite count per micro-litre (p/ul) and RDT result in health centres

and household surveys, Butajira area, Ethiopia, 2008-2010.

Setting/Plasmodium

Plasmodium vivax (n=220)

Plasmodium falciparum (n=85)*

Health centres visit

RDT negative, n

RDT positive, n

RDT negative, n

RDT positive, n

60-199 0 0 0 1
200-499 0 5 0 5
500-4,999 3 107 2 19
5,000-90,000 7 98 3 55

Total, n (%) 10(45) 210 (955) 5(59) 80(94.1)

Setting/Plasmodium

Plasmodium vivax (n=68)

Plasmodium falciparum (n=13)

Household surveys

RDT negative, n

RDT positive, n

RDT negative, n

RDT positive, n

40-199 2 3 1 0
200-499 0 4 0 0
500-4,099 4 36 0 6
5,000-90,000 1 18 0 6
Total, n (%) 7(10.3) 61 (89.7) 1(7.7) 12 (92.3)
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5. DISCUSSION

5.1. Methodological considerations

This part presents consideration of whether the associations or differences observed are real,
which applies to all research. Internal validity is associated with valid inference in a population
studied. This can be affected by sample, selection bias, information bias and statistical

confounding (112).

5.1.1. Study design and sample size

This study uses different designs, and each design has its own strengths and limitations. The
nature of the disease under investigation, the type of exposure, and the available resources limits
the choice of an epidemiological study design (113). This study used descriptive study design,
including cross-sectional surveys. A cross-sectional survey collects data at one point in time.
This permits the prevalence of a disease of interest to be assessed. The advantage of cross-
sectional survey is it permits a large number of variables to be examined. One problem is that
cross-sectional studies often have difficulty determining the time order of events (114).
However, this study design has no dimension of time, so it cannot support conclusions on the

risk of disease or on the inference on causality (115).

To overcome this limitation (Paper-111), anyone family member who used ITN prior to the night
of the survey was interviewed. A cross-sectional survey is also known for its low response rate.
However, this study had found a high response rate. In general, descriptive study design is
concerned with describing the general characteristics of the distribution of a disease, particularly
in relation to person, place, and time. Thus, descriptive data provide valuable information to
improve resource allocation and plan for effective prevention or education programs. In addition,
descriptive studies have often provided the first important clues about possible determinants of a
disease (113).
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All study designs involve some implicit (descriptive) or explicit (analytic) type of comparison of
exposure and disease status. In this study observational analytic investigation was employed. The
investigator simply observes the natural course of events. A prospective cohort study, one of the
basic groups of observational study was used. In a cohort study, subjects are classified on the
basis of the presence or absence of exposure to a particular factor and then followed for a
specified period of time to determine the development of disease in each exposure group. In
prospective cohort studies, the investigator looks forward from an exposure to an outcome (113).
It is often possible to investigate a particular hypothesis using cohort study design. The
investigator can often use more recent records or even assess the exposure directly or through
questioning the participants themselves, and information on potential confounders can also be
obtained from study subjects. If the sample size is large and follow-up is complete, data from
prospective cohort studies can be regarded as particularly reliable and informative.

The present study used adequate sample size and almost complete follow up of 94.4% both for
paper-1 and paper-I1, and 98.5% for paper-11l. Thus, the present study can be considered as
informative in estimating the prevalence of malaria (Paper-1), and identifying malaria risk factors
(Paper-111). The choice of a study design best suited for investigation of an issue at a given time
is influenced by particular features of the exposure and disease, logistic considerations of time
and resources, as well as results from previous studies and gaps in knowledge that remain to be
filled (113). For most epidemiologic hypotheses, it is necessary and desirable to employ both

descriptive and analytic design strategies.

5.1.2. Internal validity

This refers to the validity of the questionnaire itself; that is, its ability to measure what it is
designed to measure (116). In other words, it is important to find out whether and to what extent
alternative explanations such as chance, bias, or confounding variables accounted for the
observed association (113). As with any epidemiologic investigation, an evaluation of the
validity of a cohort study requires consideration of the roles of chance, bias, and confounding

variables as an alternative explanation for the study findings.
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5.1.2..1. Chance

Chance refers to the likelihood that sampling variability (random error) accounted for the
observed association. The role of chance is assessed by performing test of statistical significance
or by estimating the confidence interval of the effect (114). We addressed the role of chance by
performing appropriate statistical tests and estimating the confidence intervals and P value. In
epidemiological research, P value of less than or equal to 0.05 shows, by convention, that the
association is statistically significant (113, 114). One problem inherent in the interpretation of
the P value results from the fact that it is a composite measure that reflects both the magnitude of
the difference between the groups and the sample size. Consequently, even a small difference
may be statistically significant, or deemed unlikely to be due to chance; if the sample size is
sufficiently large and, conversely, a larger effect may not achieve statistical significance if the
sample size is insufficient (113). Thus, the confidence interval can provide all the information of
the P value in terms of deciding whether an association is statistically significant at a specified
level. In addition, the effect of sample size can also be ascertained from the width of the
confidence interval itself. The narrower the confidence interval, the less is the variability in
present in the estimate of the effect, reflecting a larger sample size. On the other hand, the wider
the confidence interval, the greater is the variability in the estimate of the effect, reflecting a

smaller sample size (113).

5.1.2..2. Selection bias

In general, the potential for selection bias is less of a concern in cohort studies. In prospective
cohort studies, since exposure is assessed prior to the occurrence of a disease, it is unlikely that
the outcome could influence the classification of exposure. If knowledge of the disease affects
the selection or classification of exposed and non-exposed individuals to be included in the
study, selection bias may result. The prior local knowledge of health professionals was used to
recruit six kebeles, two from each three altitudinal strata. The geographical accessibility of the
potential study kebeles during all seasons of the year including the rainy season was assessed
during the designing stage. In the BRHP DSS kebeles were classified as low, mid-level, and high

altitudes (95), and we applied similar classification. This information was supported by malaria
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data from health posts, and qualitative altitudinal classification proposed by a senior malaria

parasitologist and experts from Meskan District Health Office.

Over all, topographic features and ecological setting of the study area was assessed by EMaPS
collaborators during January 2008. This procedure might imply prior knowledge about malaria.
However, a multi-stage sampling (kebele, village and households) method was applied there was
no chance to select households directly based on their malaria risk. Moreover, no altitude
measurement was used to classify into different altitudinal strata during designing and sampling
stage. Generally, malaria is more prevalent at low altitude and government ITN distribution was
targeted to these areas. According to MOH strategic plan, ITN distribution is focused to cover
households in endemic areas (<2000 masl). Only 10% of the slides with negative results and all
positive slides were sent to second-reader in all studies. Thus, sampling bias in selecting for
rechecking is potentially unavoidable. In the evaluation of performance of malaria RDT
compared to light microscopy (Paper-1V), mixed infections were removed from analysis. This

might have overestimated the agreement between readers.

5.1.2.3. Information bias (misclassification)

Information or observation bias is a systematic error that results when information is
differentially obtained from different study groups. Interviewer bias, recall bias and differential
misclassification in ascertainment of exposure or disease, are the common forms of information
bias. Interviewer bias was of concern in the interview of households during the baseline survey
to determine household’s effective ITN use (Paper-111) studies that employed interview
questionnaires. The study on ITN use (Paper-111) was based on single cross-sectional study,
while studies on estimating prevalence (Paper-1) and identifying malaria risk factors (Paper-11)

used repeated cross-sectional survey.

In Paper-11, the prospective design of this study has allowed recording of potential risk factors
for all family members before the outcome was known, and the outcomes were measured not
based on interviews. To minimize measurement errors questionnaires were pretested. Besides,
interviewers received proper training and they were blinded about the expected outcome

measures to avoid measurement bias. Moreover, self-reported febrile cases from sampled
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households and health centers were recruited for the evaluation of quality of diagnostic test
(Paper-1V). Those cases reported to health centers look more specific to malaria cases otherwise.
There is also a possibility of measuring fever and using clinical algorithms before sending to
laboratory for parasitological confirmation. In addition, measured malaria incidence during

October 2009 was higher than the rest of the season, implying higher malaria positivity.

5.1.2.4. Confounding

Confounding refers to factors that obscure the relationship between the presumed cause and
presumed effect (116). Confounding can lead to either the observation of apparent differences
between study groups when they do not exist or conversely, the observation of no differences
when they do exist (113). In our study, estimate of the outcome and responsible factors varies
with age at different altitude (Paper-1 & Paper-11). Thus, such baseline differences need to be
accounted for in the design or analysis of epidemiological studies. A study on household ITN use
(Paper-111) applied to balance ITN distribution channel was different between malaria endemic
and higher altitude areas; and more malaria infection at low altitude. In Paper-111, complex
samples analysis was employed to consider altitudinal variation ITN abundance. The papers in
this thesis have attempted to control for confounding in the design (Paper-1) and analysis

(Papers-11&I11) using multilevel multivariate and complex samples analyses.

5.1.3. External validity

External validity or generalizability refers to the wisdom of projecting the questionnaire results
obtained from a study to other populations, to other settings, or to other time periods (116). In
other words, validity applies to conclusions; a large gap between conclusions drawn and data
acquired may indicate poor validity. This study was conducted in a rural setting in south-central
Ethiopia, which is characteristic of rural Ethiopia. However, local variation in malaria prevalence
(Papers-1 and 1), household ITN use (111) and performance of malaria RDT (Paper-1V) within
the country at highlands limits the generalizability of this study. Paper-I1V addressed performance

of malaria RDT compared to light microscopy at highlands with low transmission.

Since a cross-sectional study collects all data at one point in time, this permits the estimation of

prevalence of a condition or variable of interest to be assessed. The advantage of a cross-
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sectional study is that it allows a large number of variables to be examined. In addition, it allows
that methods can be standardized by the researcher, and clear-cut definitions may be applied to
the exposure and endpoints. Some of the disadvantages of cross-sectional study are that it has no
dimension of time, so it cannot support conclusions on the risk of disease (115). In this regard, to
minimize the effect of this limitation of shorter duration the studies in this thesis used repeat
cross-sectional studies. We measured the variables on quarterly basis for two years. Cross-
sectional studies may also exhibit recall bias and low response rate. However, the response rate
was higher for all studies. The response rate was 94.4% (19,207 of 20,339) for the prevalence
study, 94.4% (19,199 of 20,339) for the risk factor assessment, and 98.5% (739 of 750) for the
household ITN use and ownership. Nevertheless, the household response on the use of ITNs the
night prior to the survey might be affected by the social-desirability bias. The ownership was
determined by observation. This thesis is based on studies with careful design. Random sampling
was applied to ensure all villages and households had equal chance of being selected. All family
members of the selected households were requested for blood specimen. Kebeles were also
identified based on already set criteria. Measurement of parasitological data and information
were obtained using interview and standard protocols and procedures. The present studies were
conducted in two of the seven strata identified by MOH and WHO-Ethiopia (73). The studies
were limited to six rural kebeles at altitudinal transect (1,800-2,300 masl) located within a radius
of 20 km around Butajira Town. Thus, findings obtained from this localized area could be
applied cautiously to similar geographical areas of the country. However, differences in malaria
control measures and cultural contexts as well as socio-economic situations still maintain
variability. The estimate of malaria prevalence obtained in six surveys is a typical
methodological design that can be applied by future research. The findings could also be helpful

in planning malaria control.
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5.2. Discussion of main findings

5.2.1. Prevalence of malaria infection [Paper-I]

This study showed that malaria occurs sporadically at high altitude, and the prevalence of
malaria increases towards the lowlands. Malaria prevails throughout the year, but predominantly
occurs after the main rainy season. However, the prevalence varied greatly among villages at all
altitudes. Higher prevalence of malaria was observed in the low altitudes than in the highland
altitudes, which suggest that the high altitude population has lower immunity to malaria, as a
result of limited prior exposure to the disease.

Our finding of malaria cases at high altitudes as high as 2,200masl is in line with a study
conducted in adjacent localities (117). Another study reported malaria cases at altitudes as high
as 2,500 masl and above even extending beyond 3,000 masl (12). But the geographic origin of
the malaria cases was not well documented. The low estimate for malaria prevalence is
consistent with a study in Ethiopia (118), and a previous estimate elsewhere (119). Areas of such
low endemicity may be recognized as hypo-endemic (47), and they are considered to be
vulnerable to epidemics. The variability in the prevalence of malaria among villages is in
agreement with previous studies in highland areas of Ethiopia (120), and studies conducted in
other regions with similar unstable malaria transmission (121, 122). The present results showed

the seasonality of malaria, and this is in accordance with other studies (117, 120).

The finding of increased proportion of vivax malaria is consistent with a study at high altitude in
the Butajira area (117), and a study in Akaki Town and the environs (67). Recent studies also
show a shift from falciparum malaria to vivax malaria (120, 123). However, other studies report
the consistent dominance of Plasmodium falciparum (20, 124). The findings of malaria cases as
high as 2,200 masl during such a non-epidemic year can be explained by the occurrence of
endemic malaria in the highlands beyond its previous cut-off transmission band. An increase in
the daily minimum temperature of 0.4°C per decade has been recorded in the highlands of
Ethiopia (86). Probably, this temperature rise has favoured the occurrence of malaria by keeping
minimum temperatures in the highlands above the cut-off for sporogony, or development of the

malaria parasite in mosquitoes (47).
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The village-level variability can be explained by the clustering of mosquitoes in villages nearer
to mosquito breeding sites, as documented in a previous study (125). Although this study lacks
mosquito sampling data, the influence of clustering of mosquitoes in space on similar malaria
case distributions is well documented in a highland area adjacent to Lake Ziway (10) and in Arba
Minch (126), lowland area of Ethiopia. The occurrence of malaria depends on adequate rainfall
and temperature. In areas with a temperate climate, transmission is commonly limited to months
in which the average temperature is above the minimum required for sporogony (47). This
illustrates the inverse relationship of decreasing malaria prevalence with increasing altitude.
Temperature is a limiting factor for sporogony of malaria parasite. A previous study conducted at
highlands also showed malaria prevalence decreases as altitude rises (127, 128). The increase in
vivax malaria in the highland-fringe areas could be explained by the high transmissibility of
Plasmodium vivax, which is related to its typical biological features, including the immediate
appearance of gametocytes, the presence of hypnozoites, and shorter sporogony (47, 129). There
is also a suggestion that the intensive malaria control efforts using artemether-lumefantrine
targeted to Plasmodium falciparum since 2005 (111) could explain the dominance of
Plasmodium vivax (123), which might get competitive advantage. In support of this suggestion, a
study in Thailand where both Plasmodium falciparum and Plasmodium vivax co-existed showed
that an intensive malaria control that used primaquine against Plasmodium vivax resulted in
successful reduction of both species simultaneously (130). This study indicated that Plasmodium

vivax was more transmissible than Plasmodium falciparum.

5.2.2. Malaria risk factors [Paper-II]

The study on malaria risk demonstrates that age of children and altitude are significantly
associated with the risk of malaria infection at hypo-endemic highland rural setting of south-
central Ethiopia. Multilevel modeling found differences in children aged below five, 5-9 years,
low altitude, mid-level altitude and houses with holes in walls showing increased malaria risk in
Butajira area, Ethiopia. Using village-based categorization showed strong variation in malaria
prevalence. Like other studies, this study has also limitations. Because of the cross-sectional
nature of the survey, a causal relationship cannot be established. Some of the strengths of this
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study were using multilevel modeling and repeated cross-sectional surveys to avoid related

biases.

The finding of more malaria infection in children 5-9 years is consistent with a study conducted
in highlands of Ethiopia (11), highland areas of Kenya (121), and Tanzania (127). However, this
result is in contrast with a study performed in low transmission setting in Ethiopia (118), and
Eritrea (119). The finding of increased malaria infection in low and mid-level altitudes, adjacent
to malaria transmission cut-off area, is in harmony with studies from highlands (127, 131). More
malaria infection in houses with holes is consistent with results of another study (132). The
information illustrating larger MOR in all the three models reflects that village-level grouping is
important to understand variations of the risk of getting malaria infection, which is in line with a
study conducted elsewhere in Ethiopia (125), and Madagascar (101). It is not clear why age-
dependent malaria risk is found in such low-endemic highlands such as Butajira area, where
malaria risk is expected to be uniform across all age groups. The possible explanations could be
the overlapping of different activities of children and Anopheles biting behaviour (11). The
finding of high malaria risk in low altitude can be explained by the presence of suitable high
ambient temperature (133), and topography that favours mosquito abundance (134). The
increased risk of malaria in houses with holes can be interpreted as increased access of
mosquitoes to bite humans. Housing conditions allowing mosquito entrance were indicated as
malaria risk factors (20, 135). Another study found association of more malaria infection with
poor quality of housing (136). In conclusion, our finding demonstrates that altitude and age are
associated with higher malaria risk at the upper limit of highlands of mainly low-endemicity.
This result suggests the importance of ecological variables like villages to consider focused
interventions that addresses children below 10 years of age. Future studies should consider
designing more frequent observation and sorting out the proportion of relapse cases from new

infections.

5.2.3. Ownership and use of ITNs in relation to malaria infection [Paper-III]
The ITN use was highest for households owning more ITN in the lowland malarious areas where
the government distributed bed nets to all households. ITN ownership was low in the highlands,

and most of the highland users bought the bed nets themselves. Interestingly, the poor, families
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with low education status living in the lowlands and adjacent to potential mosquito breeding sites
used bed nets more than others, probably reflecting that perceived risk of malaria is more
important than wealth and educational status. This study tried to explicitly examine the use of
ITNs by all household members, which makes it different from previous studies that focused

only on the vulnerable groups.

ITN ownership and use, and malaria prevalence in a highland-fringe area were also investigated.
Such populations are at increased risk of epidemics without suitable interventions. Household
ITN use was obtained by self-report and that may be subject to social-desirability bias. This
might be resulting in an overestimation of ITN use as a previous study reported (137). Secondly,
this study was a cross-sectional survey done during a peak malaria transmission season, and we
might thus have overestimated the real situation of ITN use. A previous study has shown
seasonal differences in ITN use in highland areas (134). The data analysis took complex samples
into account and avoided reporting biased information. The low ITN ownership observed is

similar to a previous study (96) and also comparable to another study (138).

The ITN use in this study was the highest compared with the Ethiopian 2007 Malaria Indicator
Survey (MIS) (15) but similar to one conducted in a highland area of Kenya (139). The absence
of ITN distribution among over a quarter of the households located at elevations from 1,900 to
1,999 masl and higher might have accounted for the low ITN ownership status in our study. We
found that ITN use was associated with malaria exposure, and low ITN use in highland areas
with low malaria transmission might not be surprising though the bed net distribution

mechanisms differed.

The current finding of increased ITN ownership in household heads with no formal education
differed from earlier studies in Ethiopia (140). The finding related to educational status and ITN
ownership can be explained more by a recent study that demonstrated knowledge in malaria
prevention and control might not result from formal education only, but also other sources such

as non-formal and informal education (141).
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Our study showed that households with additional beds had increased ITN possession.
Obviously, more beds are expected in households with large family and additional nets were
allocated during the distribution as per the national ITN distribution strategy (17). A positive
association of household family size and ITN ownership was documented (139). The negative
association between household mosquito source reduction and ITN ownership found in the
present study is in accordance with a previous study (140). Moreover, an increased ITN

ownership in male-headed households was in agreement with a study in Nigeria (142).

The finding that households with at least an ITN seen hanging were more likely to use their ITN
is in harmony with other studies (143, 144). A few of the households surveyed had hanging ITNs
during the survey. A study from Zambia also demonstrated that the strongest factor affecting

ITN use was the presence of an ITN hanging (144). They reported of those ITNs hanging, only
10% were not used the previous night. The present finding of about five-fold highly likely to use
ITN in households owning two or more ITNs was in harmony with other studies in Ethiopia
(138, 145), and also in many African countries (139, 146). ITN use increases with more number
of ITNs available in ITN-owning households. The present result showing increased ITN use
among households not using mosquito source reduction is in line with another study (147). This
suggests that other malaria prevention activities/products appeared to substitute for nets rather
than combined effects. The finding of higher ITN use in households living adjacent to permanent
water bodies than their counterparts is in agreement with another study (148). Thus, households
with increased risk of getting malaria are more aware of the increased risk and more inclined to
use protective measures. We observed that households in the low wealth category had higher
ITN use as documented elsewhere (147, 149).

Since 2007, the Ethiopian malaria control strategy is targeted to achieve 100% ITN coverage of
all households at risk of malaria, <2000 masl. We observed that over a quarter of the households
geographically located between 1,900 masl and 1,999 masl elevations were not covered by the
government-sponsored ITN distribution. Parasitological surveys also demonstrated the presence
of malaria infection throughout those areas (97). Households located at high altitude, presumably

at low malaria risk, got their ITNs from different sources unlike those living at low altitude that

80



secured theirs through government channels. Our finding of more malaria infection in ITN-
owning households is in agreement with other studies (12, 150). Presumably, ITNs with holes
owned by poor families failed to protect man-vector contact and malaria infection. A study found
individuals from the poorest households were more likely to sleep under nets with holes
compared to the least poor (151). In this study household ITN use was not assessed over time. A
survey done 10 months later also showed high malaria prevalence in households with ITNs.
Thus, in order to obtain full protection from malaria infection using ITN requires possessing an
intact net and persistently sleeping under net every night. Our analysis only considered clusters
at household level and did not consider individual level to compare ITN-users and non-users in
relation to status of malaria infection. In conclusion, this study shows that there is a deficit
between the nationally targeted household ITN ownership and use in the highland-fringe area of
south-central Ethiopia. Therefore, malaria intervention activities should focus on improving the

availability and teaching effective use of ITN in populations at risk of highland-fringe malaria.

5.2.4. CareStart™ Malaria RDT Precision [Paper-1V]

This study found varying precision of CareStart'™ RDT to detect P. falciparum and P. vivax in
“active” and clinical settings of highland-fringe areas of south-central Ethiopia. A greater
proportion of RDTSs than slides gave positive result for Plasmodium. In the survey, the test
showed low sensitivity and high specificity for P. falciparum, but vice versa for P. vivax. The
test revealed lower PPV for P. falciparum and lower NPV for P. vivax. Overall, season
substantially influences RDT precision with good sensitivity at health facilities compared to
household survey. However, specificity was found to be low in both settings with comparable
results. Interestingly, better NPV obtained unlike lowest PPV in both survey settings. RDT
showed low sensitivity in children aged below 10 years. No strong evidence for contribution of
low parasite density for missed Plasmodium detection by the test product.

This study has got some limitations. Despite the existence of various technical limitations related
to preparation of specimen and reading as well as competency of microscopists, light microscopy
was used comparison of RDT performance (152). Thus, PCR could be the ideal gold standard in
RDT evaluation (152), as applied in recent studies (153, 154). The use of PCR appears plausible
in hypoendemic areas like the present study area (155). There might be a possibility of multiple
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enrollments of participants between the two survey settings. Some of the strengths of this study
include generating large sample data in different seasons at highlands of low malaria endemicity
other studies recent studies. RDT evaluation was performed using well trained and competent
health personnel at different settings. It is believed that the strengths of this study outweigh the
limitations. Thus, conclusions drawn and recommendations suggested considerably valuable
both in improving malaria control efforts and future research endeavor.

The present finding of low sensitivity for P. falciparum (87.5%) and P. vivax ( 92.8%) using
CareStart™ RDT is comparable with a study conducted in south-west (85.6% for P. falciparum,
and 85.0% for P. vivax) and North-West (92.9% for P. falciparum, 90.9% for P. vivax) Ethiopian
highland areas (156, 157). But the present finding reported lower sensitivity compared to other
studies in South (99.4% for P. falciparum and P. vivax); North-East (98.5% P. falciparum and
98.0% for P. vivax); and South-West (96.4% for P. falciparum, and 95.3% for P. vivax) Ethiopia
(109, 158, 159). The low PPV value obtained in this study is in line with a study in South-West
Ethiopia (156), and in low endemicity areas elsewhere (160). The varying RDT performance in
different seasons in the present household survey is generally consistent with another study in
hypoendemic highland zones in Kenya and Uganda (161). Moreover, the finding of low PPV and
temporally varying correspondingly with prevalence using household survey is in agreement
with other studies (155, 161). However, the results with good sensitivity and specificity from
health facility were consistent with other studies done at health facilities (109, 158, 159). The
present finding of the lowest PPV and NPV during two months, November and December 20009,
end of malaria transmission season normally in most parts of Ethiopia. The present result is in
line with a recent study (155). The finding of less variability in RDT performance in different
age categories is consistent with an evidence that showed age has no effect on malaria RDT
performance (162). Various factors such as clinical and epidemiologic characteristics of the
study populations, reference standards and products of different lots influence the results of
RDT-based diagnosis (152, 163, 164). Thus, comparison of RDT results difficult. Similarly, the
present study used data generated from large population and varying transmission seasons.
However, field evaluation of CareStart™ RDT precision used a short duration of peak malaria

transmission.
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The present finding of low sensitivity of P. vivax (health facilities) and P. falciparum (survey)
disagrees with other studies that consistently found multi-species RDTSs to better detect P.
falciparum infection than non-falciparum infection, most probably P. vivax (165, 166). The low
sensitivity in health centres for P. vivax may be interpreted as due to low performance of multi-
species RDTs for this species. The low sensitivity obtained in this study may be explained by
several factors pertinent to the manufacturing process and environmental conditions (152, 164,
167). The present study was performed in highland area with no extreme weather condition.

In addition, low-prevalence, or hypoendemic, malaria poses particular diagnostic challenges
since low population prevalence reduces the PPV of tests (155). Moreover, test sensitivity suffers
when parasite densities within individual infections are low (168). The hypoendemicity
diminishes test sensitivity, as well as the PPV (168). Very low overall prevalence of malaria was
found in the present study area (97), which is known to influence RDT performance as reported
(155). The varying performance of sensitivity for P. falciparum and P. vivax for survey and
health facility might be interpreted as the difference in clinical condition of patients. Study
participants visiting health facilities might be clinically more specific than otherwise. Review
evidences showed that higher RDT sensitivity in studies involving patients seeking relief from
moderate to severe disease in clinical settings while low RDT sensitivity in studies that enrolled
patients by means of “active” case finding (152, 162).

The RDT had low NPV for P. vivax at both survey and health centres. A past study showed that
less sensitive for non-P. falciparum than for P. falciparum (169). There is rich evidence that
extremely low sensitivity for both HRP-2 and p-LDH tests and batch specific problems were
suspected (164). This implies that RDT missed some malaria cases or false negatives were
higher. Review evidence cited a study that occasional false negative results may be caused by: (i)
deletion or mutation of the HRP-2 gene; (ii) anti-HRP-2 antibodies in humans may explain why
some tests were negative despite significant parasitemia; and (iii) presence of an inhibitor in the
patient’s blood preventing development of the control line (163). The present finding of low PPV
in P. falciparum is likely due to sequestration (170). False positive RDT results occur in a few
percent of tests, which can be due to cross-reactivity with rheumatoid factor in blood (164, 167).

Cross-reactivity with heterophile antibodies may also occur (163).
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6. STRENGTHS AND LIMITATIONS

6.1. Strengths

In order to obtain unbiased estimate of malaria prevalence in highland area of low-endemicity,
community-based repeated cross-sectional surveys were employed. In highlands of Ethiopia,
malaria varies mainly in place and time (7). Thus, the present study used a study design that
considered these variations. We measured prevalence of malaria in each three seasons described
earlier (section 2.2) and this was also repeated for another year. In addition, the study areas were
stratified into three altitudinal zones: low, mid-level, and high altitudes. More participants were
sampled from high altitudes, presumably with low prevalence. Overall, unbiased estimate of
malaria prevalence was obtained using longitudinal data generated in areas including high
altitude, previously considered as malaria-free. Moreover, the study included in this thesis
applied advanced statistical analysis such as multilevel analysis (Paper-11), and Complex

Samples Data Analysis (Paper-I11).

6.2. Limitations

Practically, employing repeated cross-sectional survey appears expensive and impossible to
apply in national malaria control programmes. Thus, at low levels of malaria, measuring
prevalence is relatively ineffective and uneconomic and case-detection becomes the most
effective and more economical method for epidemiological evaluation (23). Both fever and ITN
use data were found from reported information. Thus, taking body temperature reading and spot
check and confirmation of the ITN used the previous night would have been applied to obtain

unbiased information.
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7. C ONCLUSIONS

Understanding the epidemiology of malaria is the basis for designing effective and appropriate
interventions for the national malaria control. Thus, community-based surveys are considered as
more reliable in measuring magnitude of malaria and associated factors in low endemic highland
setting with high epidemic potential. The findings of this study are believed to be helpful in
planning and assessment of program successful. This thesis made emphasis on some critically
important areas in malaria epidemiology and preventive measures as well as performance of
malaria RDTs at highland and highland-fringe areas. It examined the prevalence of malaria
infection, risk factors, use of ITNs and malaria infection using repeated cross-sectional survey,
and made an evaluation of performance of Plasmodium falciparum and Plasmodium vivax

malaria rapid diagnostic tests compared to light microscopy at survey and health facilities.

Low prevalence of malaria (0.93%) predominantly due to Plasmodium vivax (86.5% and
Plasmodium falciparum (12.4%) and mixed infections (1.1%) were noted, with the adjusted
prevalence being 0.78%. Of those Plasmodium falciparum infections, above a third had
gametocyte (32%, 7 of 22), which were obtained following abnormal rainfall distribution
extended to dry season in 2009. All gametocytes were in children aged below 14 years.

Malaria occurs sporadically at high altitudes, and its prevalence increases towards the lowland. It
predominantly appears after the rainy season. Malaria prevalence varied greatly among villages
at all altitudes. More children had malaria in the lowlands than in the highland population, which
suggests that the highland population has lower immunity to malaria as a result of limited prior
exposure to the disease.

Increased malaria infection was associated with age and altitude while housing condition was
only marginally related to increased malaria risk. Higher risk of malaria was observed in children
aged below nine years in areas below 2,000 masl and in households with poor housing condition.
Low household ITN ownership (28.5%) was observed. Logistic regression in Complex Samples

Analysis showed household ITN ownership was determined by factors such as illiteracy (no
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education), male-headship, ownership of two or more beds, absence of source reduction, and
absence of main water body.

Households having observed ITN hanging, >2 ITNs owned, no source reduction, low wealth
status, and those within <1 km distance from main water body were more likely to use ITN.
CareStart™ Malaria RDT was suitable in detecting P. falciparum and P. vivax and support
parasites.

CareStart™ Malaria RDT showed lower PPV (P. falciparum) and higher false positives,
implying unnecessary treatment imposed; and lower NPV (P. vivax), higher false negative

indicates missed cases for treatment.

Malaria RDT quality control system should be introduced in the health systems especially in

highlands with low endemicity, where P. falciparum and P. vivax co-exist.

CareStart™ RDT could be used for epidemiological studies and results interpreted cautiously by

considering its seasonal variation.

Future research targeted to RDT evaluation should consider the use of a more sensitive reference

standard such as PCR.

86



8. RECOMMENDATIONS

The following recommendations were forwarded to be accounted at different levels. These

include policy matters, programmatic issues at health care delivery system, and future research.

8.1 Policy matters

First, in the past the threshold for transmission of endemic malaria has been considered as 2,000
masl. The present finding supported the recent notion of a recent suggestion by the Ministry of
Health of Ethiopia to local epidemiological data and evidence-based decision in inclusion of
areas above 2,000 masl (19). Thus, in designing malaria control program combination of altitude
and health facility-based data should be considered to target ITN distribution. Second,
countrywide periodic surveys targeted to evaluation of malaria control performance should

emphasize on highland-fringe areas with established transmission like in Butajira area.

8.2 Malaria control programme

Malaria interventions must prioritize children below nine years in order to successfully reduce
malaria infection in light of the country’s elimination strategy,

Teaching households to maintain their houses with locally available materials appears helpful in
reducing malaria infection,

Household ITN coverage should be based on local epidemiological data,

Orienting and ensuring hanging of ITNs is helpful in effective utilization,

Strengthening malaria surveillance at high altitudes, and

Establish malaria RDT quality control system in the health system.

8.3 Future research

Conduct follow up survey with more frequent like weekly or two-week-based for better
estimation of malaria burden,

Apply advanced software that perform three-levels multilevel analysis that more inform targeted
malaria interventions, and

Consider the use of a more sensitive reference standard such as PCR in RDT evaluation.
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11. APPENDICES

11.1. Original Papers (I-1V)

This thesis is based on the following papers which will be referred to in the text by their Roman

numbers (i-iv).

Prevalence of malaria infection in Butajira area, south-central Ethiopia. Malar J. 2012, 11:
84. http://www.malariajournal.com/content/11/1/84.

Evaluation of CareStart™ malaria Pf/Pv combo test for Plasmodium falciparum and
Plasmodium vivax malaria diagnosis in Butajira area, south-central Ethiopia. Malar J.
2013; 12: 218.
http://www.ncbi.nlm.nih.gov/pmc/articlessPMC3700775/pdf/1475-2875-12-218.pdf.

Malaria risk factors in Butajira area, south-central Ethiopia: a multilevel analysis. Malar J.
2013,12:273. http://www.malariajournal.com/content/12/1/273.

Ownership and use of long-lasting insecticidal nets for malaria prevention in Butajira
area, south-central Ethiopia: complex samples data analysis. BMC Public Health;
2014,14:99. http://www.biomedcentral.com/1471-2458/14/99.
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11.2. Household interview data collection tool

11.2.1. Household questionnaire (English version)

Section 1. Socio-demographic characteristics of the respondents

No. Questions and filters Coding categories Skip to
1 Sex of the respondent: Male 1
Female 2
2 Head of the household: Male 1
Female 2
3 Status of the respondent in the household: Head of the household 1
Spouse of the head of the household 2
Son or daughter 3
Other(specify) _ 4
4 What is your age in years? Year [ | 1]
5 What is your religion? Islam 1
Orthodox Christian 2
Catholic Christian 3
Protestant Christian 4
Other (specify) 5
6 What is your ethnic group? Guraghe 1
Siltie 2
Amhara 3
Oromo 4
Other (specify) 5
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What is your current marital status?

[If the respondent is a woman and her husband
has currently more than one wife, the answer for
this question is 2].

Married (monogamous)
Married (polygamous)
Never married (single)

Divorced
Widowed

Separated

What is the highest level of school or grade
you attended or completed?

No education or attended school
Can only read and write
Elementary school 1% cycle (1-4)
Secondary school 1% cycle (5-8)
Secondary school 2" cycle (9-10)
Preparatory (11-12)

Other (specify)

What is the highest level of school or grade
your spouse attended or completed?

No education or attended school
Can only read and write
Elementary school 1% cycle (1-4)
Secondary school 1% cycle (5-8)
Secondary school 2" cycle (9-10)
Preparatory (11-12)

Other (specify)

102



10

What is your current main work/occupation?

e  Chose only one response

Job less
Housewife
Farmer
Pastoralist
Student
Daily labourer
Government/NGO employee
Trader

Other (specify)

11

What is your spouse’s current main
work/occupation?

e Chose only one response

No Spouse
Jobless
Housewife
Farmer
Student
Daily labourer
Government/NGO employee
Trader

Other (specify)

12

How many people generally live in this household,
including you?

Total No. [
No. of children below 5 years [ ___]

No. of pregnant women [ ]

13

How many member of this household slept in this
house in the previous night [including slept
outdoors]?

Total No. [

No. of children below 5 years [ ]

No. of pregnant women [
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14 | What is the health care facility that is nearest to you? Health post 1
Health center 2
Public/private hospital 3
Private clinic 4

Other (specify) 5

Don’t know -99

15 | How long does it take you from your home to reach the Minute [ ]
nearest public health care facility in minute?

16 | Is the primary living house shared with livestock during Yes 1
night?
No 2
17 | Average family/household monthly income of the Birr | ]
household?
18 | How many sleeping places (beds, mats, etc) does your Total [ ]
household have indoors and outdoors
Indoor [ ]
Outdoor [ ]

Section 2. Knowledge and perceptions about malaria transmission and treatment

No. Questions and filters Coding categories Skip to
19 What are the three most important health problems in Malaria 1
this area?
Diarrhea 2

Respiratory diseases including TB 3
e Don’t read the list . . .
e  Circle only three responses that apply Gastro-intestinal diseases 4

Malnutrition 5
HIV/AIDS 6
Skin diseases 7

Other (specify)
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Note sure/don’t know 9

20 Do you consider malaria a major health problem in this Yes 1
community?
No 2
21 Can malaria be transmitted from one person to Yes 1
another?
No 2
Don’t know -99
22 | How can a person acquire malaria? By breathing 1
e Don’t read the list By mosquito bite 2
e  Circle all responses that apply
By sleeping with a malaria patient/ body contact 3
By drinking dirty water 4
Being exposed to cold air 5
Exposure to dirty swampy areas 6
Other (specify) 7
Don’t know -99
23 | When do mosquitoes usually bite a Day 1
person?
Evening 2
Night 3
Day and night 4
Don’t know -99
24 | What are the main signs and symptoms of malaria? Yes No
e Don’tread the list Fever 1 2
e Circle all responses that apply
Shivering/chills 1 2
Sweating 1 2
Headache 1 2
Vomiting 1 2
Diarrhea 1 2
Loss of appetite 1 2
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Bitterness in the mouth 1 2
Weakness/tiredness 1 2
Splenomegally 1 2
Backache 1 2
Anemia 1 2
Convulsion 1 2
Thirsty 1 2
Joint pain 1 2
Other (specify)
Don't know -99
25 To which group of the population malaria is more Adults 1
serious?
Children 2
Pregnant women 3
e Circle only one response
Elderly 4
Pregnant women/children 5
Equally serious forall 5
Don't know/ not sure  -99
26 Is malaria a curable disease with treatment? Yes 1
No 2
Don’t know/ not sure  -99
27 What is the name of the currently used new anti- Coartem 1
malarial drug?
Chloroquine 2
e Circle only one response Fansidar 3
Quinine 4
Other (specify) 5
Don’t know  -99
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Section 3. Knowledge and practices about malaria prevention

No. Questions and filters Coding categories Skip to
28 Is malaria a preventable disease? Yes 1
No 2
Don’tknow 3
29 What are the different malaria preventive To eat good food 1
measures that you know?
To keep house clean 2
Remain indoors at night 3
e Don’t read list.
e Circle all responses that apply To sleep under a mosquito net 4
To spray house with insecticide (DDT) 5
To spray house with aerosols (“flit”) 6
Smoking in the house (fumigation) 7
Apply ointment/repellents on the skin 8
Drain mosquito breeding sites 9
Window screening 10
Other (specify) 11
Don’t know -99
30 | What do you or your family Use aerosols to spray the house to kill mosquitoes 1

members currently do to
prevent mosquito biting?

e Don't read the list

e Circle all responses that
apply

Close doors and windows on time before evenings 2

Use mosquito nets 3

Block mosquito entry holes to houses 4
Burn dung or leaves to keep mosquitoes away 5

Drainage of mosquito breeding sites nearby the house 6

Did nothing 7
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Others(specify) 8
Section 4. Mosquito net knowledge, possession and utilization
No. Questions and filters Coding categories | Skip to
31 Have you heard the name “mosquito net”? Yes 1
No 2
32 Can sleeping under “mosquito net” protect a person from mosquito Yes 1
bite?
No 2
33 Can sleeping under “mosquito net” protect a person from the bite of Yes 1
other nuisance insects?
No 2
Yes 1
34 Can “treated mosquito net” kill mosquitoes? No 2
Don’t know  -99
35 Can sleeping under “mosquito net” protect a person from malaria? Yes 1
No 2
36 In your opinion, what is the average duration of “mosquito net” service Year [___ ]
years?
37 Where do you obtain nets? Government hospital 1
Government health center 2
e  Circle all that apply Woreda Health Office 3
Health post/station 4
Private health care facility 5
Pharmacy/drug store 6
Shop 7
Market 8
Other (specify) 9
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38 Does your household currently possess any mosquito nets to sleep under? Yes 1 | Skipto
No 2| —5>58
39 How many mosquito nets do you currently possess [both used and unused]?
[Enumerator: Please ask the respondent and observe the number and condition
of functioning of the nets to fill the following questions].
40 How many of the nets the household possess are hanged over the bed/mat
during the interview?
41 How many of the nets the household have are currently used by household
members while sleeping?
42 Did any member of your household (including you) sleep under mosquito net last | Yes 1
night?
No 2| —58
43 Did you sleep under a treated net during the previous night? Yes 1
No b
44 How many of the people who slept in this Total No. [ ]
household in the previous night slept under a net,
including you? No. of children below 5 years [ ]
No. of pregnant women [__ ]
= How long ago did your household obtain the most recent vear [__], month[__]
mosquito net?
46 Where did you obtain the most recent net Provided by health facility 1
you currently own?
Provided by Woreda Health Office 2

Other (specify)

Don’t know

Provided by NGO 3

Bought from market/shop 4

5

-99
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Questions 47-51 should be filled through observation

47 How many of the nets the household have are rectangular?
48 How many of the nets the household have are conical?
49 How many of the nets the household have are white?
50 How many of the nets the household have are green?
51 How many of the nets the household have are blue?
52 How many of the nets the household have are with holes or torn that allow
mosquito entrance?
The following questions are supposed to be filled through interview
53 What shape of the net do you most Rectangular 1
prefer?
Conical 2
Rectangular/conical 3
Any shape 4
Don’t know -99
54 What cooler of the net do you most White 1
prefer?
Green 2
Blue 3
Green and blue 4
Any colour 5
Other (specify) 6
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55 If you have only one “mosquito net”, to Husband 1
whom would you give priority using it?
Wwife 2
Husband and wife 3
e  (Circle only one answer
Wife with youngest child 4
Young children 5
Elderly/grand parents 6
Pregnant women 7
Other (specify) 8
Don’t know  -99
56 Have you ever experienced any problems Yes 1
when using “mosquito nets”?
No 2 | ->Stop
57 If Yes to Q61, what problems have you or It gives too warm to sleep underit 1
your family members experienced?
Mosquitoes still bite you through it 2
Inconvenient to easily get up during night 3 Stop
e  Circle all that apply
Tucking the net every night is boring 4
It gives you skin irritation 5
Other (specify) 6
Don’t know  -99
Q58 and Q59 will be completed for households without any mosquito net
58 If your household possess currently no mosquito Yes 1
net, have your household ever had it before?
No 2
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59 If your household possess no mosquito net, what Not convenient while sleeping 1
are the reasons for not having it?
Not aware of its use 2
e Don't read the list
) Not know where to getit 3
e Circle all responses that apply
It is unavailable 4
It has a side effect since treated 5
Does not prevent malaria 6
Has become old or lost 7
Not adequate space to hang it in the
house 8
Other (specify)
9
Don’t know  -99
Section 5. Description of Household Services
No. Questions and filters Coding categories Skip to
60 | What is the main type of fuel you use for cooking? Animal dung 1

. Don't read the list

e Circle all responses that apply

Collected firewood 2
Charcoal 3
Crop residue 4

Other (specify) 5

Don’t know -99
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61 | What is the main source of water supply for the Piped (tap) 1
household?
Open well 2
e Don'tread the list
Protected well 3
e  Circle all responses that apply
Open spring 4
Protected spring 5
River 6
Lake or pond 7
Other (specify) 8
Don’t know -99
62 What kind of toilet facility does the household Open field or no facility 1
have?
Pit latrine (functional) 2
Pit latrine (non-functional) 3
Other (specify) 4
Don’t know -99
Section 6. Household Assets
No. Questions and filters Coding categories Skip to
63 | What is the ownership status of Owned

dwelling?

Given by relative or other to use
Provided by government
Rented

Other (specify)
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64 | Does your household have a:
Radio? .No 2.Yes [functional] 3. Yes [non-functional]
Bicycle? .No 2.Yes[functional] 3. Yes [non-functional]
Motor cycle? .No 2.Yes [functional] 3. Yes [non-functional]
Car/truck? .No 2.Yes[functional] 3. Yes [non-functional]
?
Kerosene lamp .No 2.Yes [functional] 3. Yes [non-functional]
ision?
Television® .No 2.Yes [functional] 3. Yes [non-functional]
Phone including mobile? . .
g .No 2.Yes [functional] 3. Yes [non-functional]
Cart? . .
.No 2.Yes[functional] 3. Yes [non-functional]
Grain-mill?
.No 2.Yes [functional] 3. Yes [non-functional]
Refrigerator?
.No 2.Yes[functional] 3. Yes [non-functional]
Sewing machine
.No 2.Yes [functional] 3. Yes [nonfunctional]
Electricity supply?
.No  2.Yes [functional] 3. Yes [nonfunctional]
65 | What is the sleeping place option in your household? Ground (Animal skin or other) 1
Platform/Medeb 2
Bed frame 3
66 Does your household own the following? (Quantify Farming land hectare,
each of the items in appropriate measurement) Cow ( with calf)
Cow ( without calf),
Ox , Horse Mule
Donkey , Sheep Goat

114




67

What type of crops do you usually produce for household Maize or sorghum

consumption? (Consider this year harvest season and circle

all that apply).

Other (specify):

Wheat
Barley
Teff
Pepper
Enset

Kchat

Section 7. Description of dwelling (Interviewer’s observation)

No.

Questions and filters Coding categories

Skip to

68

The walls are made mainly of: Wood only
Wood and mud
Mud bricks
Cement blocks
Sticks
Thatch

Other (specify)

1

2

69

The floor is made mainly of: Earth/mud
Cement
Cement tiles

Other (specify)
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70 The roof is made mainly of: Thatch/grass 1
Corrugated iron sheets 2
Other (specify) 3
71 Does the house have windows? No 1
Yes 2
72 If Q 71 is “yes”, do they are they screened and/or covered by Curtains or No 1
others?
Yes 2
73 Acre the eaves open enough/holes in the walls allowing mosquito entrance? No 1
Yes 2
74 What is the distance of permanent water body such as river, meter
stream, or irrigation scheme (estimated in meters)
75 What is the observed structural condition of the main Seriously dilapidated 1
dwelling? ) ]
Needs major repair 2
Sound structure 3

That is the end of our interview. Thank you very much for taking time to answer our questions. We appreciate your help.

Checklist for completing the questionnaire correctly and confirmation by supervisors.

Name Signature

Date

Data collector:

Supervisor:
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11.2.2. Household questionnaire (Amharic version)
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11.2.3. Participant’s Consent and Information Sheet (English version)
Household Questionnaire for the Infected Host Population Study, Ethiopian Malaria Prediction System,

Butajira area, October 2008 (Tikimte 2001E.C)

Zone Woreda Kebele

Village Name House Number (DSS)

Informed Consent

[Interviewer: Read the following introductory statement to the prospective respondent].
Greetings!

My name is and I am working with Addis Ababa University. We are doing a survey on malaria
risk factors, magnitude of morbidity and mortality, how people feel and perceive about malaria burdens,
and what people do to protect themselves and family against malaria. We are interviewing, investigating
your blood for malaria and give treatment for people detected to have the parasite. We are interviewing
many different communities and households in Butajira area (show an Institutional Ethical Clearance
from the Faculty of Medicine, if necessary). We would very much appreciate your participation in this

survey. The interview will take less than an hour.

Whatever information you provide us will be kept strictly confidential. Your name and address will
remain anonymous. Participation in this survey is voluntary and you can choose not to answer any
individual question or all of the questions. However, we hope that you will participate in this survey since
your views are important. This information will help health authorities to design and improve

interventions related to malaria.
At this time, do you want to ask me anything about this survey?

Name and signature of interviewer: Date: [/ [/

N.B. Interviewer: Please put all years in Ethiopian Calendar. DD/MM/YYYY

Would you be willing to be interviewed? 1. No (Stop the interview) 2. Yes

If “No”, please state the reason:

Start time: End time: Total Time (Minutes)
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11.2.4. Participant’s Consent and Information Sheet (Amharic version)
NA%0 AN RLACHT Phng°S Ak ChNLtaNn mS /0t

Study of highland malaria and its impact on sickness in Butajira, south-central Ethiopia.

[o0l8 AaoONON CHFHOE PO AL PA oom@d PO (TP 2001 9.9)]

CLPLAYVE P11, o

(A +00 CaoiL.C O9°

Paomld avAf £T(C amed CTheNt +7

[MPED:- PTLNFNAD h7PR PE.PLFrT 774978 (NP7 N7@AN Osn.a- 1-hAA (777115 1770457
LTI @3 Wl 270 131 oL+ LPTH]

ATLI°T 1P? e, A7 Av? hakh AN 2Lacht 2C (o0 N amPAL vt
0V AhAN, TGT ALALLT AFIEAT: PHY TGT PGS AT @O0 N3G NevhAhf HL®. HLP
PhALANNT DT A+ TS hovdAhht ACTOP A78.0-9° ANTZ @ POLEIAM Vb PFT POLLG avlB
AONANG ADLLT IS +NLYT PADT CPLoo-1"INE A°COT AooHC T 10:: (LY ©4% O.0T
PHALE PONLTON AGATT APMPPT NAZLTTY ACNPI° Y TS T 42134 LT 9°0.95T7 PAd 0.
ARCOL PoLAMT ovlB ALY 90?1 ovdhl @O hootPr9° (AL AALFAN TAP ADLET hOHPHS
AN@-::

hw ¢Pae A787¢ TLELT7 MO0 AL AMLPLIAV-:: aomBd w7l U3 h40-45 L+ AONE
LTAN:: NoomBd AL NI°L NF°39° 9LT U hBARI®::  aodh aodmt P71LLN T TPE hA Nao-p-
®LI° NhéA AdavAN LTAN::  PTI° 77 PTLAMT ovll OLeT APRPLDS A%l Wi PO #TTC
2l MPTRI @ I DAY NPLTLE AT FLCTAT TNNC 9°0.2G5T7 A Pov'ich, '1@-:

(LY A2M%0, QALY TG T P2Lme+d T ¢ hA?
MY TG AaoANHe LPLE 1P1? 1. h® 2. PA9°
a\(x «a®P» nP1 0L 2L+ TA®- 1% LNG-:

aop\(r PN W1 Ao TI® oom@eT PECav:: ATSE LPLE  CAPTNTT PRI NoomPPS
N7INF OGP AL (o0Aq AHPNNLD. L7°CT LLCT::

Povl® ONAN®. O9°S &CT +7
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11.3. Seasonal Blood Survey

11.3.1. Participant’s Consent and Information Sheet (English version)

Informed Consent Form and Information Sheet

Study of highland malaria and its impact on sickness in Butajira, south-central Ethiopia.

Informed Consent Form and Information Sheet

District Kebele Village

Questionnaire Code House No. Date

To the head of the Household:

Hello!

My name is . I am from Addis Ababa University, School of Public

Health, conducting an investigation on malaria in your area. The objective of this study is to understand
highland malaria and its impact in causing illnesses and deaths. Thus, we collect data through household
head interview and seasonal blood survey. Ethical approval is provided by Institutional Review Board
(IRB) of College of Health Sciences, Addis Ababa University. National Ethical approval is also obtained
from the Ministry of Science and Technology of Ethiopia for this study.

In Ethiopia, malaria is one of the major public health problems. Two malaria transmission seasons are
present in the country. The main peak transmission occurs from September to November following the
cessation of the long rainy season, and the next minor transmission occurs during May and June after the
short rainy season in March and April. Low land areas are highly malaria endemic and mid-highland
areas are also at risk of moderate malaria transmission. In most cases malaria occurs in the form of
epidemics causing significant illnesses and deaths. Moreover, the disease is the cause of socio-economic
crises. In this study we are aiming at examining highland malaria to support in establishing malaria early

warning system in the country.

Data will be collected from selected randomly collected houses using interview of household heads and

seasonal blood survey. We request your willingness to participate in this study. If you are willing to
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participate the information required is general concept in malaria (causes, signs and symptoms,
prevention tools, and treatment seeking behavior, and blood specimen seasonally. We use blood film
collection procedure which is routinely used in health facilities, pricking using blood lancets and
collecting three drops of blood on microscope slide. The blood lancets are packed and open in front of
you with single-use (or disposable type). Blood film collection will be done by trained and experienced
health personnel. There is only a transient pain you might feel temporarily. In fact, if the blood collection
is not done carefully and fast enough some blood loss can’t be avoided. In order to overcome this problem
we will give thorough theoretical and practical training to blood specimen collectors. Study participants
will also be advised to present themselves accordingly. In this regard, we give much attention to children
below 18 years during the data collection. First, we ask consents of the household head before recruiting
children of below 18 years. Then, request assent of these children for the blood film collection. When we
compare the minor risks aforementioned during blood film collection with the overall benefits of this
study the latter outweighs. The study participants are not only contributing to the improvements of

malaria control program in their area but also to similar areas of the same setting elsewhere.

People with fever history will immediately be screened their blood for malaria using RDTSs. In case found
positive to malaria, malaria treatment will be rendered by the study team free of charge.

The study team will also facilitate treatment of severe malaria through facilitating referral service to

Butajira Hospital, the nearest facility for in-patient service.

We assure you any information we obtain through this study will be kept confidential. We also assure you
that this questionnaire will be coded and the information you will give us will be analyzed using this code
not by name. Participation in this study will be on your willingness. You are free at any time to withdraw
from the study. You are free at any time to withdraw consent to further participation without prejudice in

any way. You are neither required to give reason nor justification for such a decision.

Have you understood information presented to you? If you have any questions we are very happy to

answer them.

I (the participant) have obtained enough information on the data collection methods and procedures. |

agree to participate in this activity, realizing that | may withdraw at any time without reason and without
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prejudice. This information sheet is read to me with my own language and understood correctly, thus

consent to participate in this study willingly.

Are you willing to participate? 1. Yes 2. No

If the answer is “No”, say thank you and quiet the interview. Then, record reason for not willing to

participate and report to the principal investigator.

The School of Public Health and Institutional Review Board of the College of health Sciences require that
all participants are informed that, if they have any complaint regarding the manner, in which a research
project is conducted, it may be given to the School of Public Health, and Ethical Committee, Addis
Ababa University, P.O.Box 9086 Addis Ababa, Ethiopia (Phone +251-1- 5157701) In addition, if there is
a need to contact the principal investigator of the study his mobile phone is +251 911 454349 and P. O.
Box is 1242, Addis Ababa, Ethiopia

Name & signature of the data collector Date

11.3.2. Participant’s Consent and Information Sheet (Amharic version)
Participant’s Consent Form and Information Sheet (Amharic version)

PTGk o020 P4 2L T TN, $o)

Phevts 02T @0 AG NVood°s 1+ 20T PoLeahTHA®- 15T M0-F-Eé- AhaN.: L0-N-"7VhAP
aTea e

PTGk a00ARG PL 2L T TN, PO

fl5m O9° eNA@- N9°
Pav784. (9° CaomO avAf RTC
0t &PTC aon@d LNt +7
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