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ABSTRACT

Background: Malaria still attacks millions of people predominantly in sub Saharan Africa,
including Ethiopia. The contribution of house proximity to water bodies, the role of migration,
malaria information and child age on malaria transmission dynamics have not yet been examined
in detail in northwest Ethiopia. Identification of malaria vectors in meso-endemic settings with a
high potential of introduced malaria has not also been done in the study setting. The ownership
and use of LLINs is one of the primary prevention strategies for malaria transmission control and
elimination. In Ethiopia, evidences showed the presence of major gaps between LLIN ownership
and compliance. However, the reasons that influenced consistent utilization of LLINS have not
yet explored qualitatively in Amhara region, particularly in the study area. Identifying factors for
imported and locally acquired malaria, malaria vectors, and exploring barriers of consistent

utilization of LLINSs are useful to facilitating the effort for malaria elimination.

Objectives: This study aimed at investigating the contribution of house proximity to a water
body, individual and household-level drivers of imported and locally acquired malaria, malaria
vector species and barriers of consistent LLINS utilization in meso-endemic villages around Lake

Tana, northwest Ethiopia.

Methods: A combination of approaches, including matched case-control study designs,
entomological survey and phenomenological qualitative method were undertaken in 12 kebeles
around Lake Tana, northwestern Ethiopia. Health facility-based matched case-control studies
involving 303 and 81 matched pairs among all age groups and under-five children were
conducted from October 10, 2016, to June 30, 2017, respectively. Anopheles mosquito larvae
sampling was done from April 30, 2017, to June 24, 2017, from 7 potential breeding sites in the
study area using the standard dipping method. A phenomenological qualitative approach
comprising 23 community interviewees and 38 key informants was conducted from April to June
2017. Households for cases and controls, household proximate water bodies, health centers and
larvae survey sites were geo-referenced. A semi-structured questionnaire was used to collect data
from households. Collected larvae were reared to adulthood at an insectary. Each adult was
individually identified at the species and species complex levels using standard adult mosquito
morphological identification keys. In-depth interviews were carried out to explore the local
contexts and reasons that influenced consistent use of LLINs. Quantitative data were entered and
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cleaned in EpiData Version 3.1 software. Qualitative data were managed and analyzed using
NVivo Version 10 software. Principal component analysis was performed to estimate household
wealth. Stratified analyses were used to confirm confounding and effect modification.
Multivariable conditional logistic regression models were fitted to identify independent
predictors of malaria occurrence. Thematic analysis was used for the interview data to code and
identify themes. Statistical analyses were performed using Excel®, SPSS statistical software
version 22 and STATA version 14.0. The maps were plotted using ArcGIS 10.5.

Results: Of 303 malaria cases, 59 (19.5%) were imported malaria whereas 244 (80.5%) were
locally acquired. Travel to malarious lowlands in the preceding month (adjusted mOR = 7.23;
95% CI: 2.38-22.00), household member’s travel to malarious lowlands (adjusted mOR = 3.04;
95% CI: 1.14-8.08), and inadequate malaria information (adjusted mOR = 1.56; 95% CI. 1.02-
2.37) were observed as independent predictors of malaria occurrence in the study area. Stratified
analyses confirmed that travel to malarious lowlands had a confounding effect on malaria

occurrence in the study area.

Children aged 36-59 months (adjusted mOR = 3.88; 95% CI: 1.55-9.74) were at increased risk of
locally acquired malaria among under-five children. Presence of water body within a 500m
radius from a house was not a statistically significant predictor of local malaria. The malaria
vectors, Anopheles gambiae complex, An. pharoensis and An. funestus group were identified in
malaria meso-endemic villages around Lake Tana.

The qualitative investigation explored wrong perceptions about LLINS, malaria and mosquitoes;
bedbug infestation; structural inconvenience; unintended uses; weather conditions; problem in
distribution of nets; and socio-cultural and economic factors as critical barriers for consistent
utilization of LLINSs. Killing ability of nets against arthropods other than mosquitoes reportedly
made use of LLINs a favored malaria prevention method despite their ineffectiveness after 3
months. Circular-shaped nets were preferred due to their compatibility with varied sleeping
structures. Unintended uses were often associated with local needs and seldom linked with social
issues and deficiencies in information about malaria and LLINs. Collateral benefits were
considered equally important, principally in terms of short-term disinfestations of bedbugs.
Conclusions: In this study, travel to malarious lowlands and inadequate malaria information

determined the occurrence of malaria infection in villages around Lake Tana. Children aged 36-
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59 months old continued to be at increased risk of local malaria in these villages where An.
gambiae complex is present. Non-consistent bed net use in villages around Lake Tana was
associated with inconvenient bed net design and early damage; non-potency of the insecticide
against other arthropods; facilitation of bedbug infestation; unintended uses; wrong perceptions

about malaria, mosquitoes, and LLINSs; and inadequate follow-up regarding LLINSs utilization.

Recommendations: National malaria control & elimination programmers and health authorities
should design improved effective and integrated interventions that consider imported malaria
cases. Malaria information that involves IEC and SBCC should be given to optimize coverage
and adequacy of information by considering the educational status of the community. Increment
of long-acting insecticide spraying coverage and frequency, use of repellents until sleep under
nets and equal management of both child age groups while applying LLINs utilization should be
considered to reduce local malaria in children aged 36-59 months. Vector control interventions
should be designed in accordance with malaria vector species present in a locality. The provision
of nets that are structurally compatible with sleeping spaces and the delivery of adequate
information about malaria and its vectors, and the properties and proper uses of LLINs to the
community indicate substantial accumulation of knowledge that may guide effective LLIN

programs in the study area.

Keywords: Locally acquired malaria, Malaria information, Travel, Matched analysis, Under-five

children, Malaria vectors, LLINS, Consistent use, Circular nets, Bedbug infestation, Ethiopia
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1. INTRODUCTION
1.1. Background

Malaria is a life-threatening disease transmitted through the bite of female Anopheles mosquitoes
and poses a high health risk to under-five children in malaria-prone areas such as sub-Saharan
Africa (SSA) (1, 2). It still attacks millions of people, predominantly in SSA. Substantial case
incidence increment were recorded between 2015 & 2017 (1). Globally, 219 million cases of
malaria were observed in 2017 compared with 239 million cases in 2010 and 217 million cases
in 2016. The WHO African Region accounted for 92% of cases in 2017 (1). Of the 91 countries
reporting indigenous malaria cases in 2016, 15 countries all in SSA except India carried 80% of
the global malaria burden (3). Five countries, including Nigeria, Democratic Republic of the
Congo, Mozambique, India and Uganda accounted for nearly half of all malaria cases worldwide
(1). In 2017, there were 435, 000 malaria deaths globally and 61% of the deaths were occurred in
under-five children. Likewise, the WHO African Region bears the largest burden (93%) of
deaths in 2017 and mortality rates were stalled in the WHO regions of South-East Asia, the
Western Pacific and Africa between 2015 and 2017 (1).

SSA had an estimated prevalence of 13% in 2015 (4). Malaria was the fourth highest cause of
death which accounting for 10% of child deaths in SSA. Globally, in 2000, malaria accounted for
7% of deaths in under-five children, and 17% of these deaths were in SSA, where it was the
leading cause of death. However, in 2015, it accounted for just 5% of under-five children deaths,
and the deaths declined to 10% in SSA, where it was the fourth highest cause of death. The vast
majority of deaths, 99% were due to Plasmodium falciparum malaria (4).

Globally, more countries are moving towards elimination. In 2017, 46 countries reported fewer
than 10, 000 malaria cases, up from 37 countries in 2010 (1). Between 2000 and 2017, 19
countries attained zero indigenous cases for 3 consecutive years or more. United Arab Emirates
(UAE), Morocco, Turkmenistan, Armenia, Kyrgyzstan, Sri Lanka, and Paraguay have been

certified by WHO as malaria free in this period (1).



Certified malaria free since 2000

No malaria

Zero cases (23 years) in 2017 Not applicable

Figure 1: Map of World malaria epidemiology (number of indigenous cases in 2017) (1)

In Ethiopia, malaria is still a significant public health concern. It was among the top ten causes of
morbidity and mortality, with falciparum malaria occupying the second and non-falciparum
malaria the sixth positions in causing morbidity in 2012/2013. Also falciparum malaria was the
sixth as cause of mortality (5, 6). A 2015 national malaria indicator survey (MIS) reported 0.5%
and 0.6% of malaria prevalence in malarious areas among all ages and under-five children using
microscopy, respectively. Its prevalence was 1.8% among children aged 36-59 months, which
was lower, compared with among children below 36 months (2%) (7). In 2017, there were 2,
666, 954 malaria cases and 5, 369 deaths. Around 9% of estimated vivax malaria cases in 2017
occurred in Ethiopia (1). According to Ethiopian Federal Ministry of Health (FMOH), 15% of

the reported outpatient visits and nearly 15% of the admissions were attributed to malaria (8).

Ethiopia has shown a declining malaria trend in the past two decades (1, 7, 9, 10). Ethiopia has
noted estimated reductions in malaria burden, with 240, 000 fewer cases in 2017 than in 2016
(1). A review article on burden of malaria indicated that age-standardized mortality and
incidence rates declined by 96% (30,323 to 1,561) and 89% (2.8 million to 621,345),
respectively, between 1990 and 2015 (10). Another review analysis also showed that age-
standardized disability-adjusted life years lost (DALYS) attributed to malaria also fell drastically
between 1990 and 2015 with 95% (11). A 0.5% prevalence among all age groups in 2015 MIS
was lower than a 0.9% in 2007 and a 1.3% in 2011 (7). Another scoping review reported the
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decline of incidence rate from 43.1 cases/1000 population annually between 2001 and 2010 to 29
cases/1000 population annually between 2011 and 2016. Malaria deaths also decreased from 2.1
deaths/100,000 people annually between 2001 and 2010 to 1.1 deaths/100,000 people annually
between 2011 to 2016 (12). Amhara National Regional State accounted for 31% of the national
malaria burden (6). In 2014/2015, 7% of outpatient visits, 2% of hospital admissions, and 1% of
health facility deaths were caused by malaria (13). A 2015 MIS reported a prevalence of 0.8%

among all ages and 1.1% among under-five children in the region (7).

Epidemiological Strata
B 0-Free

1-Low

2 - Moderate
I 2 - o

Lakes

L O O L B A |
0 165 330 660 Kilometers

Figure 2: Map of malaria strata by districts in Ethiopia (14)

Given the topography and human settlement patterns, Ethiopia is characterized as a
predominantly low, stable hypo-endemic (PfPR;.;9 <10%) with pockets of higher meso-endemic
transmission (PfPR,.;9 =10-49%) and large areas of unstable transmission prone to epidemics
(15, 16). Anopheles species, including Anopheles arabiensis, An. pharoensis, An. funestus, and
An. nili are the malaria vectors in the country (15, 17, 18). An. arabiensis is the primary vector of

malaria whereas An. pharoensis, An. funestus and An. nili are secondary vectors (19-21).
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A Malariafree
(>2500m)

B Highlands affected by occasional epidemics
{>=2000 and <=2500m)

C Semi-arid lowlands
malarious near water - epidemic prone
(<1500m with rainfall <500mm)

D Highland fringes
low transmission - epidemic prone

(>=1750 and <2000m)

E Highland Fringes
High Transmission - Epidemic Prone
(>=1500 and <1750m)

F Malarious Lowlands

Intense Transmission

{<1500m with rainfall >=500mm)

HE B B B OO

Figure 3: Malaria risk stratification of Ethiopia (7)

The WHO has set a goal for malaria in post-2015 era with a motto “end the epidemic of malaria”
by 2030 (22). The use of long-lasting insecticidal nets (LLINS) is a widely accepted (23), and
commonly available intervention for preventing the disease in Africa (24). It is a primary
prevention and control strategy in Ethiopia and promoted as an effective approach to minimize
risk of malaria transmission (7, 25). According to the 2015 National MIS, only 64% of
households (HHs) owned at least one LLIN and only 40% of the population slept under LLINS
the night before the survey, below the goals of 100% ownership and 80% utilization (7). The
proportion of HHs having at least one LLIN for every two people was 31.7% nationally and 38%
in Amhara Region in 2015 (7). In Amhara Region, 72.9% of HHs owned one LLIN and 43.4%
of the population slept under the LLINSs the night before the interview (7). In the region, the use
of existing LLINs was 56%, the lowest in the country (7). However, small-scale surveys reported

variable LLINs coverage and utilization (26-29).

An array of various factors contributes to the occurrence of malaria. Epidemiological evidences

show that malaria was attributed to environmental, behavioral, socio-demographic, economic,
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and housing factors, and application of malaria intervention measures. Malaria interventions
such as delivery of malaria information, LLINs ownership and utilization, and indoor residual
spraying (IRS) were documented as critical determinants of malaria occurrence (30-35). In turn,
evidences show that socio-demographic and socio-cultural characteristics, behavioral reaons and
misconceptions, weather conditions, and livelihood and economic reasons influence consistent
utilization of LLINs (25, 36-39). In systematic reviewed articles, environmental, housing,
behavioral, socio-demographic and economic factors, mainly travel history, housing structure,
and house proximity to a water body were the most frequently reported determinants of malaria
(40-43).

Based on the aforementioned literature of community-based research and facility-based reports,
we can conclude that malaria continues to be an important cause of morbidity and deaths in SSA,

including in Amhara Region, Ethiopia.
1.2. Statement of the problem

WHO targeted to eliminate malaria from at least 35 countries in which malaria was transmitted
in 2015 and prevent re-establishment of malaria in all countries that are malaria free by 2030

through locally tailored interventions (22).

Malaria remains one of the most common infectious diseases in Ethiopia (5-8, 10, 12) as well as
in Amhara region (7, 13). Malaria incidence varies across WHO regions and countries as well as
in different areas of a country. These variations can be attributed to environmental, socio-

demographic, socio-economic, housing, behavioral and malaria intervention factors (30, 44-48).

Population movement is an important determinant of malaria transmission. Migrant workers
often travel to malarious lowlands of Ethiopia to work on construction projects and large
plantations growing sugarcane, sesame, or other crops and may import it to their home areas
(46). A 2015 MIS using microscopy reported 0.4% malaria prevalence among people of all ages
who travelled away from their home in the month preceding the survey and 0.5% among those
who did not travel (7). Though there have been increased efforts to tackle malaria transmission in
Ambhara Region, travelers that are difficult to track, might be at greater risk of malaria infection
and may extend its elimination from certain areas, or may even introduce malaria in areas where

it had been eliminated (49). The understanding of travel risk for malaria (50) and identification
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of malaria vectors (51) in meso-endemic settings with a high potential of introduced malaria is

necessary for the control and elimination of malaria.

The contribution of house proximity to a water body on malaria infection is not known in
villages around Lake Tana. Literatures showed that most unmatched and matched case-control
studies that identified risk factors, particularly contribution of house proximity to a water body
on malaria occurrence used a case definition based on rapid diagnostic test (RDT) positivity.
However, this study applied a case definition based on microscopic examination, which is a gold

standard method to diagnose malaria (52, 53).

Although several statistical analysis techniques have been employed previously to detect the
independent predictors of malaria, particularly the contribution of house proximity to a directly
observed water body on malaria occurrence (30, 45, 46, 54, 55), stratified analysis and matched
analysis have not been used in combination yet to detect the independent predictors. Cochran
Mantel-Haenszel stratified analyses (56, 57) by travel to malarious lowlands and HH elevation
were employed in this study since they are widely suggested to eliminate confounding and
describe effect modification on the relationship between house proximity to a water body and
malaria occurrence. Besides, conditional logistic regression model, which is the standard tool for
the analysis of matched case-control studies or data with small stratum-specific sample sizes (58,
59), was used for two reasons. The first is that conditional logistic regression has high power or
decreased type one error compared with an unconditional logistic regression model. Secondly,
the matched analysis gives unbiased estimate or good estimate by comparing the groups
internally (60, 61). Moreover, age, which was used for frequency matching, was also included in
the matched analysis to control the residual confounding that may come due to the use of broad
age bands.

Malaria elimination may be facilitated with the help of finer geographic scale studies. Evidences
revealed that house proximity to a water body has an inconsistent association with malaria
transmission (45, 55, 62, 63). Thus, this study investigated its association by taking into account
the average flight range (from the breeding site to the household) of the main vector in Africa,
An. gambiae, which is around 500 meters (64-66). Association of house proximity to a water
body with malaria occurrence can be well measured in under-five children population who do

not normally travel for temporary work in areas where malaria is transmitted. This method of
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measurement can exclude imported cases. This helped to identify the determinants of locally

acquired malaria among under-five children.

Besides, the contribution of house proximity to a directly observed water body on malaria
occurrence based on the flight range of An. gambiae using Euclidean/straight line distance has
not yet investigated (67, 68). In Ethiopia, several studies have explored the association of house
proximity to a dam, water hole, natural pond or an irrigation farm with malaria occurrence (54,
55, 69, 70). However, this study investigated association of house proximity to various types of
water bodies with malaria occurrence. Moreover, malaria vectors responsible for local malaria
transmission were identified in the study area to supplement the information on contribution of
house proximity to a water body. Understanding more about the relationship between house
proximity to water bodies and malaria occurrence may help to identify risk groups and contribute
to improving malaria elimination efforts by optimizing the delivery of limited resources to
higher-risk populations (71, 72).

Several studies reported that increased child age associated with high malaria infection among
under-five children (48, 73-77). In Ethiopia, a 2015 MIS also reported a higher malaria
prevalence and slightly higher LLIN use in children below 36 months than children aged 36-59
months (7). However, there is no information about the odds of differential malaria risk between
older and younger under-five children using matched case-control study in Ethiopia, particularly
in the study area. In Ethiopia, there is no matched case-control study that explored the

determinants of malaria among all age groups and under-five children.

Studies in Ethiopia showed that An. arabiensis predominantly rests indoors. An. pharoensis rests
mainly indoors in lowlands but not in midlands and highlands. However, An. funestus complex is
predominantly exophilic (18). An. gambiae complex has longevity of 3.4 to 12.5 days and peak
biting activity between 1800 and 2100 hours (21, 78). Early evening period is also a peak biting
time for An. pharoensis (78). An. arabiensis and An. pharoensis are mainly outdoor biters in this
period (78). A study conducted by Balkew et al in 2010 reported that all of An. gambiae complex
samples were identified as An. arabiensis by polymerase chain reaction (79). Another study by
Kibret et al in 2017 identified An. arabiensis followed by An. pharoensis as the predominant
species by using morphological characteristics (18). A study in south-central Ethiopia also

identified the dominant Anopheles species on the basis of larval morphology under a microscope



(19). Similar other studies also identified the dominant Anopheles species using adult

morphological standard keys (21, 44, 55).

Reasons that influence consistent utilization of LLINs are not known in HHs around Lake Tana.
The ownership and use of LLINs is the primary prevention strategy for malaria transmission
control in Ethiopia. A scoping review article in 2018 indicated that countrywide LLIN coverage
was low, with 64% coverage in 2016 (12). A 2015 MIS reported low utilization of LLINS with
only 45% of under-five children used in the night before the survey in malarious areas. In
Ambhara region, 54% of under-five children slept under an LLIN (7). Small-scale studies also
showed low utilization of LLINs (26, 80, 81). A recent national study also reported the presence
of major gaps between LLIN ownership and compliance in malarious areas (12). However, the
reasons that influenced consistent utilization of LLINS have not yet explored qualitatively in
Amhara region, particularly in the study area. Thus, this study explored the reasons that
influenced consistent utilization of LLINs using phenomenological qualitative approach.
Phenomenology is a best approach and method of inquiry which helps to exhaustively describe
and qualify a phenomenon in everyday lived human experiences (82, 83). This method was
chosen to explore the behavioral, demographic, socio-cultural, economic, livelihood, housing
and net delivery related experiences of the community while using LLINs in the study area.
Textual and structural analyses were carried out to get comprehensive meanings of the lived
experiences of the interviewees on LLINs utilization (84). Besides, interpretive
phenomenological analysis was used to understand lived experience of the community about
non-consistent utilization of LLINs and how participants themselves make sense of their
experiences (85). Understanding the reasons that influenced consistent LLINSs utilization in detail
has helped malaria control officials to increase net utilization and reducing malaria transmission
(86, 87). In the absence of such credible evidence, it is difficult to eliminate malaria and to
inform ongoing effective social and behavior change strategies to improve consistent use, as well

as the design of appropriate follow-up LLIN supply strategies.

This study aimed to investigate the contribution of house proximity to water bodies, identify
socio-demographic, socio-economic, housing characteristics, behavioral and malaria intervention
factors on imported and locally acquired malaria, identify malaria vectors and explore barriers of

consistent LLINSs utilization in meso-endemic villages around Lake Tana, northwest Ethiopia.



1.3. Significance of the study

The world is trying to eradicate malaria through various strategies, including accessing
Artemisinin-based combination therapy (ACTS) even to remote communities, improving
laboratory diagnostic techniques up to molecular techniques that deploy in the field, delivering,

encouraging, promoting and supervising LLINSs utilization and application of IRS.

Identifying a hotspot is beneficial because there is an intense mosquito exposure and high levels
of asymptomatic parasite carriage in the human population, which require maximum effort to

deliver interventions for communities and the vector to control malaria (88).

In areas with low malaria incidence, passive case detection (PCD) may lead to the identification
of HHs with more infections than others that can be a source of new infections. Malaria
transmission model is complex that involves numerous factors, including human host, arthropod
vector, Plasmodium parasite, environment and intervention factors (30, 88-90). For this reason,
malaria prevention and control measures should be designed and delivered in line with the

transmission model.

Determining the distance between HHs and the proximate water bodies where symptomatic
malaria cases originate may help to define hotspots of malaria and contribute to improving
malaria elimination efforts by optimizing the delivery of limited resources to higher-risk
populations (71, 72). Similarly, investigating the role of socio-demographic characteristics, travel
history, HH wealth, housing structure, and malaria intervention measures on malaria
heterogeneity helps to deliver interventions wisely and economically. Thus, this study provides
information on the determinants of malaria which helps national malaria control and elimination

programmers in re-designing programs for malaria elimination in Ethiopia.

Moreover, identifying malaria vectors in a meso-endemic setting is important. Thus, this study
provides useful information on vectors which supports the local malaria officers to deliver
interventions according to the local distribution. This study was also designed to provide useful
information on the effect of house proximity to water bodies on malaria among under-five
children and the contribution of other underlying factors. On one hand, exploring the behavioral,

socio-cultural, and socioeconomic contexts explaining why the community did not use LLINS



consistently is valuable to facilitate malaria elimination and this study provides useful
information on the reasons from the locals’ perspectives. Hence, this information helps the local
malaria officers to increase proper and consistent utilization coverage of LLINs in the local

communities.

Thus, to deliver effective and efficient interventions and control strategies for malaria
elimination, malaria control and elimination programmers require knowledge on all the
underlying determinants of malaria such as travel history, sufficiency of malaria information for
the community, and vulnerable age groups among under-five children, malaria vectors for local
malaria transmission, and the reasons that influence consistent utilization of LLINs in local

communities.
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2. LITERATURE REVIEW
2.1. Malaria burden

Malaria is a disease caused by the five Plasmodium parasites; P. falciparum, P. vivax, P. ovale,

P. malariae and P. knowlesi (4, 91).

Factors influencing transmission
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Figure 4: The Plasmodium falciparum life cycle in the human host (92)
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Figure 5: Malaria parasite life cycle (93)

Malaria is still a significant public health concern worldwide (3). A systematic analysis on global
malaria trend showed that malaria deaths increased from 995, 000 in 1980 to 1.8 million in 2004,
and declined to 1.2 million (42% in individuals >5 years) in 2010 (94). Another systematic
review and analysis described that malaria was the third leading infectious cause next to
pneumonia and diarrhea; with 7.3% (0.5 million) of deaths among children aged 1-59 months in
2013 (95). Between 2000 and 2013, mortality rate from malaria in children aged 1-59 months
reduced by 4.5% per year globally. In 2030, under-five children mortality rate due to malaria is
expected to be reduced to 1% compared with the 3.3% in 2013 (95). A systematic analysis for
the Global Burden of Disease (GBD) Study reported that malaria mortality raised by 19.9% since
1990 (0.98 million) to 1.17 million deaths in 2010 and malaria was one of the leading causes of
years of life lost due to premature mortality (YLLS) in 2010, similar to what was estimated for
1990. Similarly, 11.8% of post-neonatal and 20.8% (the most significant cause) of child (1-4

years) deaths due to malaria were estimated in 2010 globally. Besides, between 1990 and 2010,
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malaria had lowered in rank from ninth to eleventh among the top 25 causes of death globally
(96).

An updated systematic analysis on causes of under-five mortality reported that malaria accounted
for 5.2% of under-five deaths and 0.31 million deaths were estimated among children aged 1-59
months in 2015. Mortality rate due to malaria was reduced by more than 30% among children
aged 0-59 months between 2000 and 2015 (97). Another systematic analysis on malaria
incidence and mortality showed that malaria cases and deaths grew rapidly from 1990 reaching a
peak of 232 million cases in 2003 and 1.2 million deaths in 2004, and declined to 165 million
cases and 855, 000 deaths in 2013 (98).

A recent systematic analysis for the GBD Study indicated that malaria ranked 21% from the
leading 30 causes of global incidence in 2016 with 18% average change in age-standardized
incidence rate from 2006—16 (99). A recent systematic analysis for the GBD Study 2017 reported
that malaria caused 619,800 deaths with 31% reduction and 43.5 million YLLs with 35%
reduction between 2007 and 2017. In 2017, there were 354,000 under-five deaths with 40%
reduction between 2007 and 2017. Malaria was the 10", 7" and down ranked again the 10"
leading cause of global YLLs for 1990, 2007, and 2017, respectively (100).

In Africa, a systematic analysis showed that malaria deaths increased from 493, 000 in 1980 to
1.6 million in 2004, declined by about 30% to 1.1 million in 2010. Malaria deaths in under-five
children increased by about 3 times from 377, 000 in 1980 to a peak of 1.1 million in 2004 and
reduced to 699, 000 in 2010 (94). Another systematic review and analysis described that 62%
(2.9 million) deaths in under-five children were due to infectious causes in 2013, including
nearly all global child deaths due to malaria (97%) in SSA. In 2000-13, significant reductions in
under-five deaths had been observed in SSA, which was mainly attributed to malaria (21.7%)
(95). A systematic analysis for the GBD Study reported that malaria remained one of the
dominant causes of YLLs in SSA between 1990 and 2010. In Eastern SSA, malaria was the
second leading cause of YLLs in 2010 (96).

Another systematic analysis on malaria mortality showed child deaths had decreased by 31.5%
since 2004 in SSA (98). Another study also showed P. falciparum infection prevalence in
endemic Africa halved and its incidence dropped by 40% between 2000 and 2015 (2). A recent
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systematic analysis for the GBD Study indicated that malaria ranked in the top ten for years lived
with disability (YLDs) in 14 SSA countries. In eastern SSA, including Ethiopia, malaria was out
of the leading ten causes of YLDs in 2016 (99).

Ethiopia had achieved a 50% reduction target of malaria of the millennium development goals
(10). A time series analysis at hospitals indicated that malaria cases and deaths in Ethiopian
hospitals decreased considerably during 20062011 in line with scale-up of malaria interventions
(9). A systematic review indicated that malaria deaths of 22, 485 in 1980, 87, 163 in 2000 and
47, 507 in 2010 were estimated among individuals of all ages in Ethiopia (94). Similarly, in
under-five-children, 15, 268 in 1980, 46, 918 in 2000 and 22, 165 malaria deaths in 2010 were
observed in the country (94). Another trend analysis using GBD 2013 data showed that under-
five mortality rate due to malaria had declined by 75% from 435 deaths/100,000 persons to 108
deaths/100,000 persons between 1990 and 2013 (5). Likewise, under-five mortality rate due to
malaria ranked fourth in 1990 and sixth in 2013 (5).

A recent trend analysis showed that malaria was the ninth cause of age-standardized DALYS in
1990 but the fifty-ninth cause in 2015 (11). Similarly, premature mortality and disability rates
from malaria dropped from 1764 age-standardized DALY's per 100,000 in 1990 to 154 in 2015
(11). A recent systematic review in 2017 reported that the number of DALYs due to malaria
decreased from 2.2 million in 1990 to 0.18 million in 2015, with a total reduction of 91.7% and
age-standardized DALY rate declined by 94.8% during this period (10).

A recent study explained that there was shrinkage in the malaria transmission map and high
transmission was limited mainly to the western international border area between 2000 and 2016
(12). A 17-year trend analysis in northwest Ethiopia showed that a remarkable reduction of

malaria during the last 17 years (101).

2.2. Determinants of malaria
2.2.1. Socio-demographic, economic and housing characteristics

Socio-demographic and socioeconomic factors have been reported in scientific literatures to
making a population vulnerable to infection and contribute to the formation of residual reservoirs
(43, 75, 102, 103). Socio-demographic variables such as age, occupational status, educational

status and HH wealth were the most commonly reported determinants of malaria by numerous
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findings (46, 62, 102, 104, 105). A study carried out in high altitude villages in Ethiopia
investigated that individuals aged above 15 years had statistically significant effect on the
detection of malaria clusters (105). Another unmatched case-control study done in a neighboring
district in northwest Ethiopia reported that individuals aged 15 years and above were at greater
risk of malaria (106). A study that used a 2007 MIS conducted in Amhara, Oromiya and
Southern Nation Nationalities and People regions of Ethiopia reported a unit increase in age

implied a reduction of the odds of malaria by 3% (107).

A number of studies have associated increased age with high malaria prevalence among under-
five children (7, 30, 47, 48, 75, 77). Studies in different countries showed that children aged 36-
59 months were the most affected groups compared to below 36 months (48, 75, 76). A national
MISs done in Malawi in 2012 and 2014 reported that the odds of testing positive for malaria
parasites were higher among children who were 48 months of age or older than children below
48 months (77). A study conducted in highland Rwanda showed that malaria prevalence
increased by 3% when the age of the under-five child increased by one unit (73). A 2014 MIS in
Uganda revealed that malaria prevalence was significantly rose from under 6 months by 1.62
times among the age group of 7-12 months and to four times among those who were aged 49-59
months (74).

A matched case-control study in The Gambia among children found that children having a trader
mother had 82% lower odds of malaria risk than those having a housewife mother and those
having a farmer, trader, civil servant and handyman father had lower odds of malaria risk than
children having a seasonal worker father (104). Maternal/caregiver schooling has been reported
as a significant predictor of malaria infection in children (75, 76). A 2014 MIS in Uganda
pointed out that malaria parasitaemia was lower among children that have educated mothers than
children having mothers without any educational attainment (74). A study conducted in Burkina
Faso among under-five children also evidenced children whose mother had higher education
were at a lower risk of infection (47). A study that used a 2007 MIS involving Amhara, Oromiya
and Southern Nation Nationalities and People regions of Ethiopia revealed that a unit increase in
family size resulted in 5.1% increment in the number of persons infected by malaria in the HH

(207). An unmatched case-control study in high altitude villages in Ethiopia revealed that those
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individuals leading their life in agriculture had 41% additional odds of risk compared with those
employed in other occupations (46).

Several studies have reported that socio-economic factors significantly determine the risk of
malaria infection (31, 62, 76). HH wealth index has been identified as a strong determinant of
odds of malaria infection in under-five children (47, 75). A 2014 MIS in Uganda showed that
malaria parasitaemia was higher among children having a family of poor HH wealth than the
wealthier HHs (74). A national MISs done in Malawi in 2012 and 2014 reported that children
coming from the poorest families were more likely to be infected (77). A study done in highland
Rwanda indicated that having no such HH assets (cupboard, bicycle and radio) increased being
infected with malaria compared with those owned these assets (73). A survey in Uganda reported
that HHs that had electricity had lower odds of malaria infection among under-five children (76).
Another Demographic and Health Survey (DHS) based study in Burkina Faso among under-five
children also documented children from poorer HHs were more likely to be parasitaemic than
children from wealthier HHs (47). Community based cross-sectional surveys conducted in
Tanzania during the two main malaria transmission periods reported that low socioeconomic
status (SES) and HH poverty were significantly associated with malaria prevalence (31).
Residential housing structure is reported to be a determinant for malaria infection (104, 107,
108). The 2014 MIS in Uganda identified that children lived in earth/sand or sand and dung
made floor, and in finished walls or mud and poles/stone had higher odds of malaria infection
than those lived in finished surface floor and unburnt bricks made walls (76). Several studies
have also reported that individuals who lived in houses with mud walls (108), thatched and
stick/mud roofs (107), earth/local dung plastered floors (107), and boarded windows (104) had
higher risk of malaria. However, several studies evidenced that the nature of housing structure
did not determine malaria transmission (30, 104). A study done by Woyessa et al in 2013 using

multilevel analysis found that houses with holes had increased malaria infection (109).

2.2.2. Travel history

Human movement introduces malaria infections to areas targeted for elimination (49).
Population movement has contributed to the spread of the disease, with the incidence of
imported malaria increasing worldwide in conjunction with the greater ease of long-distance
travel (110). Literatures showed that certain countries, such as those in West Africa and central

Asia were much more strongly connected by relatively high levels of population and infection
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movement than others. In contrary, countries such as Ethiopia and Myanmar display significantly

greater isolation in terms of likely infection movements in and out (111).

Travel away from home is the most independent predictor of malaria transmission (50, 112-115).
A study that employed mathematical modeling and simulation quantified that even at low levels
of receptivity, case management alone cannot reliably prevent re-establishment of P. falciparum
malaria transmission in the face of medium to high importation rates (116). A retrospective study
from 2002 to 2016, which used data through web-based reporting system, described that 93.2%
were indigenous cases and 6.8% were imported cases (117). Another study done in Shandong
Province, China using data of malaria cases during 2012-2014 reported no indigenous case for
the first time since 2012 in the Province, a situation continued through 2014 and 95.2% of cases
were imported from Africa (118). A study in Sri Lanka ascertained that the two clusters of
imported malaria among a group of Pakistani asylum-seekers and local fishermen who returned
from Sierra Leone had the potential impact on the risk of reintroducing the disease since
importation is the only source of malaria in the country at present (51). A study done in Dubai,
UAE free of endemic malaria identified 567 (90.1%) cases imported either from India or from
Pakistan and 7% from SSA (119).

A study conducted in Singapore described a large cluster of 16 cases of imported P. falciparum
malaria in visiting Nigerian students (120). Another study conducted in Singapore described that
of the reported cases, 91.4% to 98.3% were imported, with about 90% originating from
Southeast Asia and the Indian sub-continent and individuals needing work permit/employment
pass holders had higher imported cases compared with local residents (121). A study done in
Réunion Island from 2013 to 2016 reported that 95 imported malaria cases had been detected and
affinity tourism in Madagascar and Comoros was the cause of 65% of imported malaria cases
(122).

A time series analysis of data from 2001 to 2016 in Germany reported newly arriving refugees
averaged 10 cases/year (1.5%) in 2001-13 and 292.5 cases/year (28.3%) in 2014-15 and total
numbers of malaria notifications among native Germans and residents with migration
background increased since 2007 (123). A study done at Academic Medical Center in
Amsterdam, The Netherlands reported imported malaria in non-immune and semi-immune

travelers acquired from SSA, Southeast Asia and Latin America (124).

17



A study done in Zanzibar investigated that residents traveling to malaria endemic regions were
estimated to contribute 1-15 times more imported cases than infected visitors and the
importation rate was estimated to be 1.6 incoming infections per 1,000 inhabitants per year
(125). A prospective cohort study in Uganda revealed that among individuals who traveled, the
incidence of malaria was higher in the first 60 days after traveling compared with individuals
having periods without recent travel (1.15 vs. 0.33 episodes per person-year) (126). A cross
sectional study in Zambia reported that out of 260 cases, 94.2% were classified as imported cases
based on participants’ travel history, and duration of stay in a highly endemic region and
frequency of travel were significant determinants of malaria transmission and importation (127).
A health facility based case—control study in highland, and highland fringe areas showed that in
the highland site, patients who had travelled to areas of higher transmission intensity than their
home areas recently were nearly seven times more likely to have malaria than those who had not
and in the fringe site, there was also a statistically significant association between travel and
malaria (128). A facility based matched case-control study in the western Kenyan highlands also

found that travelling out of the study area was associated with increased risk (89).

A facility based cross-sectional study in Ethiopia also showed that history of travel to malaria
endemic area was significantly associated with malaria positivity (129). Another unmatched
case-control study conducted in a low transmission setting in Ethiopia identified that travel away
from the home village in the prior month was a significant risk factor for infection with P.
falciparum (130). An unmatched case-control study in high altitude villages in Ethiopia revealed
that individuals who traveled away from their home in the previous month were 2 times more

likely to be infected with malaria than who did not travel (46).

2.2.3. Interventional factors

The WHO recommends universal coverage for at risk populations with LLINs and targeted IRS
for the control of malaria (4, 131). Both LLINs and IRS have been shown to be effective in
reducing malaria transmission when applied alone (132). A study in Africa reported that malaria
interventions had averted 663 million clinical cases between 2000 and 2015 and insecticide
treated nets (ITNs) had averted 68% of cases (2).
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2.2.3.1. Indoor residual spraying

Several IRS products have recently become available, including Actellic®300CS (Syngenta),
and SumiShield®50WG (Sumitomo Chemical) (133). Besides, DDT, malathion, fenitrothion,
bendiocarb and propoxur are the non-pyrethroid WHO-recommended insecticides for IRS
against malaria vectors. Effectiveness of IRS product is relied on factors, including influence on
vector populations (e.g., an ability to destroy mosquitoes from entering a sprayed structure);
residual impact; place and timing of spraying (vector species and human behavior); and spray
quality and coverage (134).

A study conducted in Mali indicated that two different non-pyrethroid insecticides: bendiocarb
and pirimiphos-methyl rapidly reduced malaria incidence mainly in the first 2 months after
spraying (135). An experimental trial on the efficacy of insecticides on various wall surfaces
showed that pirimifos- methyl capsule suspension demonstrated a residual bioefficacy of over a
period of 6 months on painted wood, unpainted wood, plastered cement, and unplastered cement
surfaces. But, the pyrethroids (deltamethrin water-dispersible granules, alphacypermethrin
suspension concentrate, etofenprox wettable powder [WP], and lambda-cyhalothrin WP, and the
carbamate-bendiocarb WP showed a low residual bioefficacy (136). An experimental hut trial in
Benin demonstrated that pirimiphos methyl CS (Actellic 300 CS) applied at 1 g/m? provided
prolonged control of pyrethroid-resistant An. gambiae. However, pirimiphos methyl emulsifiable
concentrate failed to kill An. gambiae two months after spraying. Lambdacyhalothrin also failed
to control pyrethroid-resistant An. gambiae which entered the huts (137). Another study
conducted in southwest Ethiopia identified that painted mud wall surface and standard spray
showed better residual efficacy of propoxur than smooth and rough surfaces, and routine spray,
respectively (138). An experimental hut trial in Ethiopia also showed that mixing bendiocarb in
alkaline water did not reduce its residual bio-efficacy. However, it was effective much better on
painted surfaces than on permeable dung or mud surfaces. Propoxur was less influenced by wall
type than bendiocarb did (139).

A 2014 MIS in Uganda showed malaria parasitaemia was lower among children in which their
houses were applied with IRS than children their houses were not sprayed (74). The 2014 Ghana
DHS reported that the odds of malaria infection among children who slept in sprayed houses was

significantly lower compared to those who are not protected (48). The 2014 MIS in Uganda
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showed that children whose houses got IRS in last 6 months had reduced odds of malaria risk
when compared with those their houses were not sprayed (76). However, other studies evidenced

that there was no significant association between IRS and malaria transmission (62).

In Ethiopia, a 2007 national MIS identified that not spraying of interior walls of houses with
insecticide in the past 12 months increased malaria prevalence by six-folds (107). Another
longitudinal study in south Ethiopia also explored that the time-span of the spatio-temporal

clustering of malaria cases ended after IRS with Deltamethrin (32).

2.2.3.2. Long lasting insecticide treated nets

Various brands of LLINs have different characteristics such as durability, texture, mesh size, net
size, shape and color, and insecticide effectiveness. Olyset® LLINSs are stiff in texture, wrinkle
after washing and have a large mesh size contrasting to PermaNet® LLINs. But, DuraNet® LLINS
are durable and having small mesh size that avoided the unfavorable characteristics associated
with Olyset® and PermaNet® LLINs (140). A mixed methods study conducted in Peruvian
Amazon indicated that Olyset® LLINs’ large mesh size, consequent transparency and perceived
ineffectiveness, resulting in 63.3% of HHs not using any of the distributed LLINs (141). A study
conducted in rural Kenya reported that 81.4% of Olyset® LLINs had an average of 34.2 holes
and 15.2% of them were in good condition; 46.1% were moderately worn out and 38.7% were

seriously torn after five years of utilization (142).

Sleeping under an LLIN the previous night was associated with reduction in odds of malaria risk
(75). A 2012 national MIS in Malawi explored that children who did not sleep under LLIN last
night had 1.4 times higher odds of parasitaemia than children who used LLINs (77). Another
case-control study conducted in rural Malawi among under-five children found that bed net
ownership lowered the occurrence of malaria infection (30). However, a matched case-control
study in The Gambia among under-five children investigated that LLIN availability in the
sleeping room or sleeping under it in the previous night did not predict malaria occurrence (104).
Besides, a study conducted in Burkina Faso also marked that an ITN campaign was not
associated with a decrease in all-cause mortality in under-five children (143). Several other
studies also reported absence of statistical association between LLIN ownership or use and

occurrence of malaria infection (48, 62). On the one hand, a study conducted in Tanzania during
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the two malaria transmission seasons showed contrasting findings on the effect of high
community ITN ownership (31).

In Ethiopia, a 2007 national MIS showed HHs who were using mosquito nets were found to be at
lower risk of malaria compared to the HHs who were not using mosquito nets (107). However, a
longitudinal study in south Ethiopia evidenced that spatio-temporal clustering of malaria was not
influenced by free mass distribution of ITNs (32). Studies also indicated absence of statistically

significant association between LLIN ownership or use and malaria infection (46).

2.2.4. House proximity to water bodies

House proximity to a water body has an inconsistent contribution on malaria transmission (18,
50, 55, 62, 63). Several studies have concluded that closeness to a water body increased malaria
risk. A spatial study in Huang-Huai plain, China estimated that 74% of malaria cases were
located within the extent of 60m proximity to the water bodies and the risk rate of presenting
with malaria was significantly higher than those distant from water bodies (144). A population
based case-control study done in northwestern Peruvian coast identified that proximity to a water
drain (<200 meters) was significantly associated with case-HHs (71). Another cross sectional
study done in Burkina Faso among under-five children reported that children living beside a

water gathering pond had higher odds of malaria infection (145).

Another spatio-temporal analysis of malaria in Mali pointed out two “hot spots” of malaria
transmission, notably along a river, characterized by higher than expected numbers of malaria
cases, and high numbers of clinical episodes per child (146). A cohort study among children in
Kampala, Uganda also ascertained that children living in the swamp had around 4 times greater
risk of malaria than did children living 200 meters away and 2 statistically significant clusters of
high malaria risk was occurred within the swamp (147). A facility based matched case-control
study in Kenyan highlands investigated association of higher malaria risk with living <250m of a
swamp (89). Several other studies also revealed HHs far from water bodies had lower infectious

bites and getting lower risk of malaria (148-150).

In Ethiopia, a population-based cohort study in Adama, Ethiopia also supported the evidence
with the presence of one temporally stable spatial malaria cluster within 350m of a major
Anopheles breeding site and compounds within 350m of the site were estimated to have higher
malaria incidence compared with compounds >350m from the site (151). Another longitudinal
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study evidenced that spatial clusters were formed in HHs closer to a vector breeding site and
individuals who lived closer to the vector breeding site were at increased risk of malaria

infection (32).

Another study conducted in central Ethiopia revealed that monthly malaria incidence, sporozoite
rate and annual entomological inoculation rate were significantly higher in the irrigated villages
than the non-irrigated villages (44). A study done by Kibret et al at different eco-epidemiological
settings in Ethiopia found that mean monthly malaria incidence and anopheline larval density
was generally higher in the dam villages than in the non-dam villages in all the three altitude-
stratified dam settings (18). A study done by Nissen et al using Cox regression modeling also
showed strong evidence of association between proximity to breeding site and P. vivax infection
resulted in higher rate of infection among the group closest to the breeding site (<2100m)
compared with the group furthest away (>2700m) (45). An unmatched case-control study done in
a neighboring district in northwest Ethiopia indicated that proximity to stagnant water

determined malaria transmission dynamics in a meso-endemic setting (106).

On the contrary, other studies have documented that HHs have lower malaria risk near surface
water. A study done around the Gilgel Gibe hydroelectric dam in southwest Ethiopia reported
that incidence of P. falciparium and P. vivax exhibited increment with distance from the dam up
to five kilometers (152).

Some studies have reported that malaria risk is independent of house proximity to water bodies.
A Bayesian geostatistical modeling of MIS data of Tanzania showed the non-significant
association of distance to nearest water body with the risk of parasitaemia (62). Another
Bayesian geostatistical modeling using national malaria survey data found that distance to water
body had no significant association with P. falciparum prevalence (153). A longitudinal cohort
study in Gilgel Gibe hydroelectric dam in southwest Ethiopia with frailty models evidenced P.
falciparum malaria incidence showed no statistically significant association with distance from

the dam reservoir (55).

On the other hand, studies have indicated a greater dependence of HHs malaria risk on local

topographic wetness indices than land uses and land covers (63).
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2.3. Malaria vectors

Water bodies, which are the mandatory places for malaria vector breeding, play a central role for
malaria transmission through increasing mosquito abundance. Mosquitoes need water for
reproduction whereas turbulent water can wash away larvae population. Optimum temperature
range for the development of Anopheles mosquito and Plasmodium parasite is approximately
between 20°C and 30°C, with thermal death occurring at temperatures either below 16°C or
above 40°C (154).

Anopheles mosquitoes breed at the river and stream edges, in temporary rain pools, in ponds,
dams, drainage ditches, burrow pits, rice fields, swamp margins and roadside puddles, and in tree
holes close to human dwellings (155-157). An. arabiensis commonly breeds in small, temporary,
sunlit, clear, and shallow fresh water pools, although it also breeds in a variety of other habitats,
including slow flowing, partially shaded streams, large and small natural and man-made habitats,
turbid waters, and brackish habitats. Its density is seasonal across Ethiopia, increasing during the
wet months (15, 21). An. pharoensis mostly inhabits lakes and reservoirs. It breeds in large,
vegetated swamps, lakeshores, floating plants, rice fields, streams, ditches and overgrown wells
(15, 20, 158). An. funestus breeds in a large, permanent or semi-permanent fresh water with
emergent vegetation, such as swamps, large ponds, and lake edges (15, 158). Both An. arabiensis
and An. pharoensis have been found breeding in regions up to 3000 meters above sea level

(masl) (19, 159).

A review literature and other relevant resources resulted in the collation of information for seven
dominant species in Africa, including An. arabiensis, An. funestus, An. gambiae, An. melas, An.
merus, An. moucheti and An. nili (17). A study conducted by Coetzee and colleagues identified
two new members of the An. gambiae complex, An. coluzzii and An. amharicus based on
chromosomal, cross-mating and molecular evidence (160). A study done in rural western Kenya
identified An. gambiae complex as the main vector species accounting for 86% followed by An.
funestus (148).

An. arabiensis is the only malaria vector from the An. gambiae complex involved in malaria
transmission in Ethiopia (18, 19, 79). An. pharoensis has a sympatric distribution with An.

arabiensis and An. funestus, whereas An. nili has a much more restricted ecological niche (15).
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A study conducted in irrigated and non-irrigated villages in the Ziway area, Central Ethiopia
found that An. arabiensis was the predominant species followed by An. pharoensis and An.
coustani (44). An altitude stratified study in Ethiopia also characterized that An. arabiensis, An.
pharoensis, and An. funestus complex were the most common species, largely collected from
lowland and midland dam villages (18). A study done in Gilgel Gibe hydroelectric dam in
southwest Ethiopia identified An. arabiensis as more abundant in villages nearer to the dam

reservoir (55).

A study conducted by Animut et al in a highland area in south-central Ethiopia described An.
cinereus (32.5%), An. arabiensis (31.4%), An. chrysti (23%), An. demeilloni (12.2%), An.
pretoriensis (0.6%), An. azaniae (0.1%), An. rufipes (0.1%), An. sergentii (0.06%), An. garnhami
(0.06%) and An. pharoensis (0.03%), and the density of An. arabiensis decreased with elevation
(19). Another study done by Balkew et al in central, northern and southwest Ethiopian villages
characterized that all An. gambiae complex specimens were identified as An. arabiensis using
polymerase chain reaction assay (79). Another study conducted in Gorgora, northern Ethiopia

where near this study was carried out characterized An. pharoensis Theobald (20).

2.4. Barriers of consistent utilization of LLINs

The use of LLINs is a widely accepted method (23), and the most universally available
intervention to prevent the disease in Africa (24), which is also a primary prevention and control
strategy in Ethiopia (7, 25), and promoted as an effective approach to minimize risk of malaria
transmission. Worldwide, studies have revealed major benefits from LLINSs ownership and use
(161-163). A recent systematic review and network meta-analysis characterized that use of ITNs
is most effective for the prevention of malaria incidence (164). In Ethiopia, the most vulnerable
groups, who are under-five children and pregnant women, have been prioritized to use LLINs
(7). A 2015 national MIS reported that LLIN use varied among under-five children, with
younger children using them slightly more often than older children (7).

Socio-demographic, socio-cultural, behavioral, economic, livelihood, housing and net delivery
related reasons, misconceptions and weather conditions were documented in many findings as
determinants of consistent utilization of LLINs (25, 36, 39, 165, 166). A systematic reviewed

article by Pulford et al in 2011 summarized that discomfort primarily due to heat and perceiving
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low mosquito density (most common), sleeping elsewhere, or not sleeping at all, finding it
inconvenient to hang, and the temporary unavailability of a normally available mosquito net
primarily due to someone else using it as self-reported reasons for not using a mosquito net

regularly among net ‘owning’ individuals (39).

A qualitative study in the Peruvian Amazon explored that embedding malaria within their
culture, perceiving a shift in mosquito biting times to early evening, a consensus that malaria
prevention was the government’s responsibility, confusion on the purpose of space-spraying and
persistence of misconceptions on cause of malaria and best practices for prevention were the
determinants of net utilization (167). A qualitative study using in-depth interviews in Papua New
Guinea explained that indifference resulted from lack of fear of malaria infection cultivated
through lived experience was emerged as the most influential impediment towards regular net
use (168).

A multi-country analysis of reasons for LLIN attrition described that of nets that left the HHSs,
they were discarded with low repurposed use and given to or taken by relatives and non-relatives
(169). Positive experience prior to distribution, appreciation of a range of benefits, social support
from within the community, and rectangular nets incompatibility with sleeping spaces and house
type were identified as important reasons in determining continued use of LLINSs in a study done
by Strachan et al (165). This study also identified more consistent net use amongst settled urban
and rural communities compared with fishing, pastoralist, refugee and immigrant communities
(165).

An in-depth interview with female and male caretakers of under-five children revealed that
stuffiness and low mosquito density were the main barriers that interrupted consistent bed net
use. Nevertheless, caretakers perceived that LLINs had high self-efficacy and did not influence
their sustained use and IRS was not identified as an alternative for bed nets (166). A qualitative
study in Zanzibar among primary health care providers and local residents reasoned out that
insufficiency of distributed LLINs and inadequate malaria education with an expression of desire
for more education by residents as barriers for continued use of bed nets (170). A focus group
discussion (FGD) study among individuals aged >18 years cited that feeling uncomfortable or
trapped, perceived difficulty in breathing, or itching/rashes were the frequently mentioned

reasons not to use a net consistently (171).
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A qualitative study in four Ugandan districts during away from home also mentioned the
contextual reasons for not using nets consistently. These were social barriers such as fear of
appearing proud and social disapproval, logistical barriers such as not having a place to hang a
net and time to grab net, crowding and congestion, and resource limitations such as not having an
additional net to use during travel (172). Another qualitative study in Senegal documented that
respondents reported the age of net, the number and size of holes and the presence of mosquitoes
in the net at night were used to assess useful net life. This study also showed many respondents
preferred getting a new net rather than using a very torn net consistently and participants
reported observing alternative uses of nets, primarily for nets that were considered expired (173).
A qualitative study conducted in eastern Rwanda also detailed the reasons for not using LLINS
consistently. These comprised of increment of bedbugs (and the associated irritability),
uncomfortable warmness particularly during the dry season and widespread use of LLINS in

constructing chicken pens or as fences around vegetable gardens (174).

LLINs have a short lifespan, developing tears and holes and losing insecticide over time. Field
studies showed that the useful life of a net might be varied between 18 months and 7 years, with
a mean expected life span of 3 years (175, 176). A study conducted in Rwanda showed 58% of
the LLINSs needed replacement after two years and net serviceable life was actually closer to two

rather than three years (177).

Perception of malaria vectors cannot harm, malaria is no longer a problem, dirtiness, aging and
deterioration of LLINs and perception of losing their insecticidal activity after washing, and
bedbug and flea infestations were mentioned as critical determinants of consistent utilization of
LLINs (165, 171, 174). Insufficient information about LLINs, malaria transmission, and malaria
vectors resulted in wrong perceptions, ignorance and negligence that led to non-persistence
LLIN utilization (38, 177, 178). Studies also evidenced the preference of conical shaped nets by
communities and suggestions to develop portable and user friendly nets to increase consistent
utilization of LLINSs (39, 174, 179).

Another study done in Southeast Nigeria found that LLIN use was significantly lower in
individuals who did not get social support and exposure to a malaria-related social behavior
change home visit, had increased education level, increased malaria knowledge level and

reporting any disadvantage of bed nets (37). A study conducted in two differential malaria
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transmission sites in western Kenya explained that accessibility, preference of purchasing nets,
perception of bed net use only in the rainy season, difficulty of utilization, attitudes that taking
malaria drugs is easier than using a bed net and that use of a bed net will not prevent malaria
were the leading barriers to LLINSs use (178).

In Ethiopia, a qualitative study pointed out that rectangular shaped nets due to incompatibility
with sleeping arrangements and house style, sleeping arrangements except beds, low risk
perception, fear of chemical in LLINS, saving nets for future use, using for unintended purposes,
lack of awareness and negligence, perception of low efficacy of the LLINSs, insufficiency and
mal-distribution of LLINs which contributed to failures to use LLINs regularly (25). A study
done by Doda and colleagues also elaborated absence of collateral benefits, misuses and
repurposed uses of LLINSs as reasons for not using LLINs consistently (36). A longitudinal study
done in south Ethiopia evaluated that before mass net distribution, having worn out bed nets
whereas after mass ITN distribution, lack of convenient space to hang more than one ITN were
the most frequent reasons for not using ITNs, and males and younger age groups (mainly 15-24
years) were less likely to use ITN (180).

A cohort study in south-central Ethiopia explored that LLINS were discarded, given away, worn
out and used for other purposes before serving for the expected life span. Only 4% of 1532
distributed LLINs met the criteria for functional survival by the 24™ month, with a median
functional survival time of 12 months (181). Another study conducted in southern Ethiopia
indicated that inadequacy of nets per family size, dirtiness, lower education, oldness, having
holes and lack of awareness on installation and its importance were the barriers for net utilization
(182).

Moreover, a HH survey during malaria season in Amhara and Oromia Regional States of
Ethiopia found that HHs residing in a house not getting IRS, having aged ITNs (>12 months),
and having rectangular shaped nets were less likely to use nets consistently. Likewise,
qualitatively, presence of few mosquitoes around or malaria is not a serious problem; perception
of the ITN is no longer effective; poor condition of the ITN; saving of ITN and unintended uses
were also stated as reasons for not using nets consistently (183). Another study conducted in
Ethiopia reported that knowledge of malaria, and school attendances were significantly

associated with increased ITN use (184).
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2.5. Conceptual framework

The conceptual framework of this study was developed based on extensive review of the
literature relevant to the research problem, to summarize all objectives of the study. As
illustrated in the diagram below, the conceptual framework depicts the relationship between
determinant factors (socio-demographic and economic variables, housing characteristics,
behavioral and environmental factors, malaria interventional factors and reasons influencing

consistent utilization of LLINs) for malaria infection occurrence (Figure 6).

Reasons (behavioral, demographic, socio-cultural, economic, livelihood, housing, LLINs
distribution related) that influence consistent utilization of LLINS were explored using in-depth
interviews which indirectly affect occurrence of malaria. The malaria vectors were identified,

which play a critical role on the occurrence of locally acquired malaria.
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Figure 6: Conceptual framework for the determinants of malaria in its transmission model
(185), and reasons influencing consistent utilization of LLINSs
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3. OBJECTIVES OF THE STUDY
3.1. General objective

The main objective of this dissertation was to investigate determinants of malaria transmission,
malaria vectors and reasons affecting consistent utilization of LLINs in meso-endemic villages
around Lake Tana, northwest Ethiopia

3.2. Specific objectives

v To investigate the contribution of house proximity to a water body and other underlying
drivers on malaria occurrence

v" To identify determinants of malaria among under-five children and malaria vectors
e To identify the determinants of local malaria among under-five children
e To identify malaria vectors in villages around Lake Tana

v To explore barriers of consistent utilization of LLINs
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4. METHODS AND MATERIALS
4.1. Study area

The study was undertaken in 11 kebeles (the lowest administrative units in Ethiopia) of Gondar
Zuriya District and 1 kebele of Dembia District, northwest Ethiopia (Figure 7). Out of 37
kebeles in Gondar Zuriya District, eight are not endemic for malaria. In 2016/2017, Gondar
Zuriya and Dembia districts had a projected population of 222, 700 and 315, 390, respectively.
The area of Gondar Zuriya District is 1108.5 km? with a population density of 188.4
persons/km? (186). Gondar Zuriya District is composed of hilly and plain landscapes, and the
altitude ranges from 1750 to 2600 masl over three highland fringe zones. Subsistence agriculture
is the main occupation of the inhabitants. The main crops in the study area are wheat, sorghum,
teff and chickpea. Fertilizers, pesticides, and anti-weed chemicals are commonly used for
agricultural purposes. Eucalyptus vegetation is common along the streams and the highly
available wood for house construction. The study area has two malaria transmission seasons: the
major transmission season follows the June—September rains, September to December, and the
minor transmission season occurs between April and May, following the February—March rains.
In 2016, total rainfall, mean maximum temperature, mean minimum temperature and relative
humidity in the study area were 1047.6mm, 27.4°C, 14.7°C, and 45%, respectively (187). Gondar
Zuriya District has seven health centers and 38 health posts that provide healthcare services for

the population in the district.

Since 2004, guidelines on malaria case management in the country have recommended treatment
based on parasitological diagnosis with microscopy and/or RDTs. Artemether-lumefantrine has
been the first-line drug in Ethiopia since 2004. Since 2013, primaquine has been recommended
in line with elimination plans to target gametocytes for P. falciparum transmission reduction
(15). Chloroquine is recommended to treat vivax malaria and primaquine for radical cure.
Seasonally, large numbers of malaria cases are occurred from September to December in
northwest Ethiopia, mostly P. falciparum infections, following the June to September rain (188).
In Gondar Zuriya District, large numbers of individuals travel to malarious lowlands for
temporary work at commercial agricultural farms, mainly during the rainy and spring seasons
(49). Males aged >15 years are the main travelers to the lowlands (49). A trend analysis (2002—

2011) conducted in a neighboring district reported 23,473 malaria cases (75% P. falciparum and
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25% P. vivax) with a fluctuating trend. From 2010 to 2011, P. falciparum prevalence decreased
while P. vivax prevalence was increasing, indicating a trend shift. Males and those aged 15-44
years had been highly affected (188). Another study conducted in three districts reported 61.3%
malaria prevalence (72.3% P. falciparum vs. 27.7% P. vivax) microscopically (189). A recent
spatio-temporal analysis in northwest Ethiopian districts revealed a purely temporal high malaria
cluster from July 1, 2015 to December 31, 2016 and significant spatio-temporal malaria cluster
were identified in Dembia District from January 1, 2014 to December 31, 2017 (190). There is
annual IRS application and distribution of LLINSs, with replacement being done every three
years. IRS has started since 2005. Recently, Bendiocarb or Propoxur has been used for spraying
interior walls of houses alternatively and LLINs have been distributed since September 2005.
Besides, filling with earth and drainage of larval breeding sites, removal of temporary water
containment materials and cutting grasses have been practiced for larval control in the study

area.

The study area has altitudes of 1750-2500 masl (191). The climate of Lake Tana basin is of the
temperate tropical highland type (192). Most rain falls between June and September (192). The
water of Lake Tana is turbid and the lake’s shores are becoming covered with water hyacinth.
Gumara Stream flows from east to west and into Lake Tana, irrigating extensive commercial
garlic farms along its course. The irrigation water is pumped using generators, causing a
substantial decrease in river flow during the dry season (October to February). The reduction in

river flow creates stagnant areas, potential breeding habitats for mosquitoes.

4.2. Study designs and study periods

Mixed methods (quantitative and qualitative) were employed. A health facility-based paired-
matched case-control study was undertaken from October 10, 2016, to June 30, 2017 to
investigate the contribution of house proximity to water bodies and other underlying drivers on
malaria occurrence (For objective ). Cases and controls were individually matched by sex.
However, groups of malaria cases were matched with groups of controls based on the respected
age categories (<15 years, 15-49 years and >49 years), which is called frequency matching by
age. These three age categories of control selection criteria were somewhat consistent with
previous studies (46, 89, 105).
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Another health facility-based paired sex-matched case-control study was carried out from
October 10, 2016, to June 30, 2017 to find out the association between child age and house
proximity to a water body with locally acquired malaria occurrence among under-five children
(For objective II). Correspondingly, Anopheles mosquito larvae survey was conducted from
April 30, 2017 to June 24, 2017 to identify malaria vectors in the study area. The immature
mosquitoes were collected during the autumn season (southern hemisphere) from various types

of water bodies (For objective I1).

Location of study area }N\

[ | Study area J
Lake Tana ¢ \
| | Amhara Region \ /[\
Das Denzaz

N

/ Degola (‘hmcha)e
{
Jeja -Bahrigenb /\)
7
akgsg Y't tow
Zengage
///
/‘ Tsion-Seguage )
S Layiye- -Dugie— .

hihira-M
L Q;embd Arbayl Chihira-Manterno

Jarjar-Abanom
/\_/
\/ Sheha- Gomenge

-

ﬁ—\,— s

0 55 110 220 330 440 0 25 5 10 15 20

Figure 7: Geographic location of study area around Lake Tana, northwest Ethiopia

A phenomenological qualitative approach was undertaken from April to June 2017 to explore the
local contexts, perspectives and reasons that influenced consistent use of LLINS. Phenomenology
is a best approach and method of inquiry which helps to exhaustively describe, interpret,

illuminate and qualify a phenomenon in everyday human life experiences (82). This method was
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chosen to explore the behavioral, demographic, socio-cultural, economic, livelihood, and
housing situation, as well as net delivery related experiences of the community. Since LLINs
utilization reveals lived experience of the communities, interpretive phenomenological approach

was used (For objective I11).

4.3. Sample size determination and study population

Sample size was computed using matched case-control study design sample size calculation
methods (For objective 1) (193-195). The sample size was computed with an assumption of 95%
level of confidence, 80% power to detect exposure difference between cases and controls, odds
ratio (OR) of 1.61, one control per case pairing, and assuming that 25% of the control-HHs were
located within a 250m radius of water bodies (71).

Using the following formula (193), the required number of malaria cases were computed as

follows:

~ (M+1) [Za/2(1+0R)+2ZgVOR]?
- [2M(OR2-1) s(f,OR)]

(OR-1) f(1—f) . -
Where s(f, OR) = (1= +f(OR)] , and f is the prevalence of the exposure factor in the

population and is approximately equal to P4 (prevalence of the exposure factor among control

groups).

Based on these assumptions, a total of 666 (333 cases and 333 controls) study participants could
be included in the study.

All patients 5 months of age or older who visited Lemba and Makesegnit health centers and
permanent residents in the study kebeles were considered. The patients (malaria cases and
controls) were included into the study based on the clinical signs and symptoms of malaria and
blood slides results. When patients came to the health centers for treatment, clinical diagnosis
was performed for malaria. Then, the presence of Plasmodium parasites in the blood samples
was confirmed using malaria microscopy. When a malaria case was found, the matched control
was obtained from the patients by confirming through clinical diagnosis and slide results within
three days after the case was diagnosed. Individuals who had no Plasmodium-positive blood film

or symptoms of malaria during the preceding month confirmed using patient interview or health
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centre register were enrolled in the control group. Individuals with new episodes of malaria or
people with recrudescent cases that presented after one month or more of the initial infection,
and those who had taken malaria treatment in the previous 30 days were excluded from the

study.

Sample size was computed using matched case-control study design sample size calculation
methods (193) with an assumption of 95% confidence level, 80% power to detect exposure
differences, OR of 2.37, one control per case, and assuming that 30% of the control-HHs were
located within a 500m radius of water bodies (For objective II) (71). A total of 180 (90 case-
control matched pairs) under-five children could be included in the study. The power for the
actual sample size (81 matched pairs) was found to be 77%, which is almost similar with the
commencement of the study.

Under-five children (5-59 months old) who visited Lemba and Makesegnit health centers were
enrolled as cases and controls. Cases were patients who had signs and symptoms of malaria or
reported fever during the previous 48 hours and were positive for single- or mixed-Plasmodium
species in a blood sample examined microscopically. Controls were individuals presenting at the
health centers whose thick blood smear tests were negative for malaria. When a malaria case was
found, a matched control was obtained by confirming the clinical diagnosis and slide results
within 3 days the case was diagnosed. Besides, the procedures for eligibility of under-five
children into the study were similar with Objective 1. Regarding entomological survey,
Anopheles mosquito larvae collection was performed at seven representative potential breeding
sites with three rounds across the study kebeles. The larvae survey sites were Sara Wonez and

Ferkit, Adiga, Woyenareb, Barengua and Kanuye, Ferenji Wuha, Derchit, and Embileba.

Seven kebeles (Lemba-Arebaytu, Layeye-Dugie, Zengage, Jeja-Bahriegeneb, Tsion-Seguage,
Sheha-Gomenege and Makesegnit Town) were purposefully selected by the researcher (For
objective I11). Informants in the study kebeles were included based on ranges of criteria such as
permanent residence and having LLINs user experience. The sample consisted of two groups: 23
community residents and 38 key informants. The sample size was estimated on the basis of
richness, detailed nature and volume of data collected; relevant published literature; scope of
study; and the amount of useful information obtained from each participant (196). Saturation, the

most widely used principle for qualitative sample size determination, was achieved with this
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large sample due to the heterogeneity of the participants and the broad scope of the study.
Proportional numbers of HHs were included from the seven kebeles. Then, community residents
comprised of HH heads from a range of backgrounds and ages and both genders and lactating
women were included. The key informants were people with knowledge of malaria control;
distribution of LLINs in the study communities; and residents’ living conditions, beliefs, and
behaviors. They were 5 health professionals responsible for the prevention and control of malaria
at Makesegnit and Lemba health centers and Gondar Zuriya District Health Office, 8 health
extension workers (HEWs) who worked in the seven selected kebeles, 19 district/kebele/village
leaders appointed by the local government, and 6 students. Village leaders were enlisted to

recruit participants with support from a researcher to ensure a representative sample.

4.4. Data collection and quality assurance

Microscopic examination was used to confirm the presence of Plasmodium species in the
clinically diagnosed patients (197) (For objective 1 & I1). Microscopy is the gold standard
method of diagnosing malaria (52). Confirmation of malaria positivity or negativity of slide
results was assured using standard operating procedures of Giemsa malaria microscopy at the
health centers (Annex 1). Thick blood film was used to search for malaria parasites while thin
film was used to confirm the malaria parasite species when this could not be done in the thick
film. Patients were selected and classified as cases or controls based on the eligibility criteria.
Cases were patients who had signs and symptoms of malaria or reported fever during the
previous 48 hours and were positive for single or mixed Plasmodium species in a blood sample
diagnosed by microscopy (197). Controls were individuals presenting at the health centers whose
thick blood smear tests were negative for malaria. Experienced microscopists who were certified
by the Ethiopian FMOH double checked all the slides at the health centers.

All tested slides (negative and positive) were stored at the health centers and three quarters of the
slides were collected randomly for quality control. Blind examination of the slides was
independently performed by a senior technician at the University of Gondar Specialized Hospital
Laboratory. The quality control results showed 98.5% inter-rater agreement and kappa
coefficient of 0.97 with the results at the health centers (p <0.0001). Discordant results were

reread by a third senior technician and this result was taken as the final result.
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A pre-tested, semi-structured intensive literature review-based questionnaire was used to collect
individual and HH level data. The questionnaire consisted of questions/variables on socio-
demographic characteristics, ownership of HH assets, housing characteristics (roofing, floor
type, wall type, window type, presence of separate kitchen), ownership, utilization and condition
of LLINSs, status of IRS, travel to malarious lowlands and travel away home within the study area
in the prior one month, and awareness of caregivers/guardians regarding malaria (transmission
and prevention methods) (Annex 2). Males who completed grade 12 collected the individual and
HH data through HH visits. The data were collected through face to face interviewing of HH
heads or caregivers/guardians or the study participants themselves and direct observation for
selected variables. Data collectors and supervisors were adequately trained on how to collect
house to house data for cases and controls for three days. Study subjects were quitted from the
study because they could not be contacted using the addresses they gave to the data collectors at
the health centers during diagnosis; due to inability of getting matched controls for cases within

three days, and because of refusal to be included in the study.

Geo-referencing (latitude, longitude and altitude) of case-HHSs, control-HHSs, the two health
centers, small water bodies, a part of the shore of Lake Tana, and larval sampling habitats was
recorded through a handheld GPS device (Garmin’s GPSMAP 60CSx, Garmin International Inc.,
USA) with an accuracy goal of 5m. Geographic coordinates and altitudes were also recorded in
notebooks and checklists. Field data collectors were blinded to the malaria status of the study
subjects. Practical training was given for field data collectors on how to operate a GPS device.
The questionnaire and checklist were prepared in English, translated into the Amharic language,

and open responses from the study participants were translated to English.

Regarding entomological survey, Anopheles mosquito larvae were collected from the breeding
sites in the study kebeles (Figure 8 and Table 1) (For objective Il). The four Anopheles
mosquito stages/instars: I, I, 111, IV were collected from natural and man-made breeding sites
(Figure 9 and Table 1). The immature stages were collected using kitchen strainer and
transferred to wide-mouthed 1L capacity plastic container that its 3/4™ filled with water. The
sampling was done using the standard dipping method according to WHO procedures (198) and
an improvised dipper (199) which is suitable for small breeding sites such as, animal hoof prints.

Scooping methods involving shallow skim, partial submersion, complete submersion, flow-in-
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method, scraping, simple scoop and salt marsh method were also applied for larvae collection.
Ten to 13 dips were taken depending on the surface area of the larval habitat, at intervals.
Samplings were done by the same individual in the morning (1100-1400 h) for about 30 minutes
at each larval habitat. The larvae were immediately preserved in plastic jugs and taken to a

laboratory for rearing (198).

In the entomological laboratory/insectary, homogenous larvae were separated and allowed to
acclimatize in deionised water half-filled in a tray (25 cm X 12 cm X 12cm). In the laboratory,
larvae were provided with finely powdered Tetramin® fish food (Fish Keeping, Melle, Germany)

at 3:1 ratio as a source of food.

Once the larva reached the pupa stage, they were collected separately and kept in an adult
emergence cage. The rearing of anophelines was maintained at 27+1°C, 65-70% relative
humidity, and a photoperiod of 12-hour light and 12-hour dark in the laboratory. The adults that
emerged within 1-4 days were killed by dehydration using silica gel desiccant inside beakers and
stored at room temperature for identification. Anopheles larvae rearing and adult species
identification were done in the General Entomology Laboratory, Department of Biology,
University of Gondar. Each adult Anopheles mosquito was individually identified to species and

species complex level using morphological characters within 24 hours of hatching (200).

38



Locations /‘ N
&  Case HHs j ) A
%  Control HHs '} P

H  Health centers

®  Water bodies //’ /

Larvae survey sites

v~ Malaria vectors identified o \_/ \ ¥ )\ i
/ . p {
' f
|
\

) 4] \v«\ 4. T
ol 41 \
\ % o Ne ™ {
\ Kot * 2R 5
/\' %g‘ & /% y. }/
o

| .
A /
L™ € = &%
WK/\) “ : //// /
(\\_//\‘ﬁ/m_/
0 3 6 12 18 24

Km

Figure 8: Location of HHs, health centers, water bodies and sites where malaria vectors

were identified

Adult specimens were placed individually on microscopic slides and identified under a dissecting

microscope with a 10x objective using standard adult mosquito morphological identification

keys developed for the Anophelinae of Africa south of the Sahara (200). The standard operating

procedures for Anopheles mosquito larvae collection, rearing and identification is attached as

Annex 3.

Individual in-depth interviews and key informant interviews were conducted to obtain the

perspectives on consistent LLIN utilization (For objective I11). This study wished to obtain a

wide range of views and therefore sampled from different villages in communities around Lake

Tana. In-depth interviews were undertaken with HH heads, lactating women, HEWSs, local

leaders, students, and health professionals. In-depth interviews were conducted in the local

language, Amharic, and lasted up to one hour each.
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Figure 9: Larvae survey sites: a) Deep stagnant water in dry season; b) Puddles in stream
overflow; c¢) Artificially created reservoir gradually changed into swamp; d) Hoof prints in
the stream edge; e) Natural swamp and f) Streambed

The interview guide focused on reasons that affect consistent utilization of LLINs, HH members
that get priority for use, types of sleeping spaces inside the house, outside and away from home,
sleeping time under a LLIN, perceived strengths and weaknesses of LLINSs, and suggestions that
enhance proper utilization of LLINs (Annex 2). The interviewers (the researcher and local
translators) were adequately prepared in the use of the interview guide with open questions and
probing for more detail. Several probing questions and techniques were used to get more
elaboration and investigating the phenomenon completely. Questions were followed in a
consistent way for each interview. All individual in-depth interviews and key informant

interviews were done using a digital voice recorder.
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Table 1: Physical characteristics of larval sampling sites in villages around Lake Tana, Ethiopia, April-June 2017

Survey site

Geographic
coordinates®

Round

Date
(dd/mm/yy)

Characteristics

Sara Wonez
&
Ferkit

1836
12.35561
37.51133

First

30/04/17

Permanent, small muddy streams flowing very slowly; black soil; sampled from
the edges of the streams where animal hoof prints were created; algae present in
the stagnant waters; sediment with clay soil coming from the mountainous
areas; water source for domestic animals; plain topography with some hills

Second

31/05/17

Turbid and shallow water body having run-off transported sediments; the soil
erodes easily; the animal hoof prints created during the dry season were filled
by the sediments; the newly run-off created stagnant waters in gorges had
larvae

Third

23/06/17

Collected two weeks after the heavy run-off from all water body types,
including deep stagnant large water bodies; larvae formed a bunch on clear
large stagnant waters

Adiga

1874
12.348273
37.548854

First

03/05/17

A small perennial stagnant pool in the gorge; completely covered with green
algae; having bushes along the slope of the gorge; plain topography

Second

29/05/17

Run-off puddles; turbid muddy stagnant waters; collected from shallow
stagnant waters and absent in deep stagnant waters; extensive erosion of
cultivated lands

Third

24/06/17

Run-off made small and large stagnant waters; collected two weeks after heavy
run-off at small and large stagnant waters; clay-muddy water

Woyenareb

1783
12.28862
37.51152

First

08/05/17

A small stream having stagnant water during the dry season; located near Lake
Tana; creates muddy swampy areas and has animal hoof prints; sandy seepage
holes created for community water source; collected from the water holes and
hoof prints; presence of irrigation farms (collections twice a year) starting from
the source downstream to Lake Tana to produce garlic, onions, maize and feff;
plain topography

Second

02/06/17

Hoof prints and water holes filled by run-off sediments; collected from shallow
stagnant waters from runoff; irrigated maize planation by the stream & Lake
Tana

Third

21/06/17

Run-off created large and small muddy water bodies; originate from mountains;
run-off overflow created stagnant waters on the cultivated lands where the
larvae were collected; fast run-off water
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Barengua
&
Kanuye

1848
12.397069
37.502195

First

11/05/17

Stagnant waters and swampy areas covered with algae (larvae were denser);
black, muddy soil; irrigation farms (twice a year): garlic, onions, and peppers
are produced; no potable water supply for the communities; plain topography;
collected from cattle hoof prints in the swamps

Second

30/05/17

Not having a mountainous source; larvae found in the edges of swampy areas
where hoof prints created

Third

19/06/17

No run-off in the three successive sampling times; sampled from animal hoof
prints in sandy soil

Ferenji
Wuha

1960
12.33197
37.58500

First

12/05/17

Manmade water reservoir for irrigation but currently not functional; having no
exposure to run-off; forms muddy swampy area downwards; having short and
long grasses, and algae, used for grazing during the dry season; presence of
animal hoof prints; hilly topography

Second

29/05/17

After the heavy rains, the grasses grown tall since cattle get alternative grazing
land; not easy to get mosquito larvae; the swampy area changed into grass land

Third

24/06/17

Having long grasses, sampled after rain

Derchit

2038
12.41381
37.61596

First

14/05/17

Small stream flowing slowly year-round; small sandy & gravel enriched
stagnant waters on the edges covered with green algae; presence of trees &
bushes; presence of irrigation farms (potatoes, garlic, & onions); clay soil; hilly
topography; collected on the edges of the slowly flowing stream

Second

28/05/17

Collected from small stagnant waters created by run-off

Third

19/06/17

Unable to find Anopheles mosquito larvae because of the heavy run-off

Embileba

1994
12.41827
37.58977

First

14/05/17

A small, slow flowing, perennial stream; presence of sandy & muddy stagnant
waters on the edges; covered mainly with green algae; presence of bushes;
presence of animal hoof prints; garlic cultivation through irrigation
downstream, plain topography with steep valleys

Second

28/05/17

The stream edges and hoof prints, which had green algae, were filled with run-
off water sediments

Third

19/06/17

Stagnant waters created by run-off

*altitude (masl), latitude and longitude (in degree decimals) of the larvae sampling site, respectively; dd/mm/yy: day/month/year
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Variable measurements: Presence of a water body within a 250m radius from a house was the
primary exposure variable, the remaining variables were covariates (For objective I). The
outcome variable was malaria status of a study participant, which is dichotomous/binary
variable; malaria positive or negative (malaria case or control). Imported malaria cases were
defined as cases which acquired the infection outside the area in which it is diagnosed. Locally
acquired malaria cases were defined as cases who acquired the infection locally by mosquito-
borne transmission and which can be indigenous or introduced (201). Two nearby water bodies
(rivers, streams, marshes, swamps, stagnant water, natural pools, springs and water holes) to each
case-HH and control-HH presented during the environmental survey were geo-referenced
(Figure 10). The water bodies were either permanent or temporal and randomly labeled as water

body 1 and water body 2.
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Figure 10: Location of proximate water bodies to case HHs and control HHs
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For distance computation from the HH to the water bodies and health centers, decimal degrees
were changed into Universal Transverse Mercator (UTM) using World Geodetic System (WGS)
84 Datum in the standardized MS Excel function. For the purpose of analysis, house proximity
to water bodies (house proximity to water body 1, house proximity to water body 2 and house
proximity to a water body) and health centers was computed as Euclidean (straight line) distance
using GPS coordinates (67, 68). The average flight range of the main vector, An. gambiae is
approximately 500 meters (64) and used as a base to create a dummy variable for distance. For
this study, house proximity to a water body was categorized into three distance bands (<250m,
250-500m and >500m) (65). The Euclidean distance of each HH to the health centre was

categorized as a dichotomous explanatory variable (<5km and >5km) (202).

HH wealth reflects a composite of several dichotomous and polychotomous variables that used
to indicate the SES of the HH. Variables that used for HH wealth index construction were
developed on the basis of literature review (203, 204) and the Ethiopian DHS (205). Ownership
of longer-run and shorter-run HH assets, type of housing structure, water supply source,
ownership and type of sanitation facility, ownership and amount of agricultural land, ownership
of domestic animals, and having a savings account (25 variables) were used to construct the
wealth index. The values of the indicator variables were weighted ranging from 0 to 1 indicating

the lowest and the highest values, respectively.

Variable measurements: Presence of a water body within a 500m radius from a house was the
primary exposure variable, others were covariates (For objective 11). Two nearby water bodies
(rivers, streams, marshes, swamps, stagnant water, natural pools, springs and water holes) to each
case HH and control HH presented during the entomological survey were geo-referenced
(Figure 8). The water bodies were either permanent or temporal and randomly labeled as water

body 1 and water body 2.

For distance computation between the HH and the water bodies, decimal degrees were changed
into UTM using WGS 84 Datum in the standardized MS Excel function. For the purpose of
analysis, house proximity to water bodies was computed as Euclidean or straight line distance
using GPS coordinates (67, 68). For this study, house proximity to water bodies was categorized
into two distance categories (< 500m and >500m) (65). To determine the contribution of house

proximity to a water body on locally acquired malaria, a third variable, presence of a water body
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within a 500m radius was derived from the two geo-referenced water bodies.

HH wealth index is a composite of several variables that can indicate the SES of the HH.
Variables for the construction of the index were included based on the established scientific
literature (203) and the Ethiopian DHS (205). HH head’s educational status, longer-run and
shorter-run HH assets, type of housing structure, water supply source, ownership and type of
sanitation facility, ownership and amount of farmland, ownership of domestic animals, and
having a savings account were used to construct the index. The values of the variables were

weighted ranging from 0 to 1 indicating the lowest and the highest values, respectively.

4.5. Data management and analysis

Data were double entered, validated, coded, cleaned, and verified using EpiData Version 3.1
software (EpiData Association, Odense, Denmark). Data analyses were carried out using SPSS
statistical software version 22 (IBM Corp. IBM SPSS Statistics for Windows, Armonk, NY,
USA) and STATA version 14.0 (StataCorp. Statistical Software: College Station, TX 77845,
USA). The maps of case-HHSs, control-HHSs, health centers, proximate water bodies and larvae
survey sites were plotted using ArcGIS 10.5 (206). Microsoft Excel 2016 (Microsoft Corp.,
Redmond, WA, USA) was used to compute distance from the HHs to water bodies and health
centers by developing a distance function, and a relative difference between the crude and
adjusted ORs.

Descriptive statistics; n (%) and n, (% [95% confidence interval (Cl)]) were computed for
categorical variables. Median and interquartile range (IQR) were also calculated for continuous
variables across malaria status. Categorical variables were cross-tabulated across malaria status
through chi-squared or Fisher’s exact tests to detect significant differences in proportions
between cases and controls. Fisher’s exact test was also used to test distributional differences of
Anopheles mosquitoes across the larvae survey sites. All reported p-values were two-tailed and

considered statistically significant if p < 0.05.

Principal component analysis (PCA) was used to estimate HH wealth (203). PCA is a
multivariate analysis used to reduce the number of variables in a data set into a smaller number

of dimensions. From an initial set of n correlated variables, PCA creates uncorrelated indices or
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components, where each component is a linear weighted combination of the initial variables.

From a set of variables X; to X,,
PCy = a1 X1 +apXo+.....+ a1nXn

PCn = amXi1 + amXz + .... + amnXs, Where an, represents the weight for the mth principal
component and the nth variable (203).

The weights for each principal component were given by the eigenvectors of the co-variance
matrix. The variance for each principal component is given by the eigenvalue of the
corresponding eigenvector. The components are ordered so that PC; explains the largest possible
amount of variation in the original data, subject to the constraint that the sum of the squared
weights (a%11+ a%1 +...... +a%y,) is equal to 1. As the sum of the eigenvalues equals the number

of variables in the initial data set, the proportion of the total variation in the original data set

accounted by each principal component is given by (@). The higher the degree of

correlation among the original variables in the data, the fewer components required to capture

common information (203).

Principal component 1 was used to rank the HHs into three groups. Cutoff values/rank categories
were set for the three groups. The original variables were transformed into scores having a mean
equal to zero and standard deviation equal to one (standardization). The value of each
standardized variable was multiplied by principal component 1 and a third variable created from
the product for each variable. Finally, a HH wealth score was computed from the sum of the
third variables. Based on the cutoff values of principal component 1 ranks, a final three-category
HH wealth index variable was developed. The composite score was classified into tertiles, with
the higher tertile reflecting higher wealth (For objectives | and I1).

The Cochran Mantel Haenszel (CMH) stratified analyses were employed to eliminate co-factors,
and to discover and describe effect modifiers. CMH test is widely used to measure the strength
of the association between an exposure and disease or response, after stratifying on the observed
covariates and observed confounders are accounted for in the analysis. The data are stratified
into multiple 2x2 tables by known confounders, where in each stratum the distributions of the

confounders in both groups are similar (207).
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Mantel Haenszel test of equality of stratum-specific ORs was used to identify effect modifiers.
First, the equality of stratum-specific ORs were checked to confirm significant differences,
which indicate the presence of effect modification between the exposure and other factors. If not
different, the presence of confounding was then assessed. The Mantel-Haenszel test produced a
single weighed estimate of the predictor by adjusting the effects of the third variable and the
crude estimate. Then, presence of confounding was ascertained through degree of difference
between the crude OR and adjusted OR. Magnitude of confounding is popularly evaluated by
examining the relative change in estimated effect size before and after adjusting for the possible
confounder. The difference in effect size is divided by the adjusted effect estimate, providing the
magnitude of the difference, relative to the unadjusted effect size. For confirmation of
confounding presence, a relative difference in the effect estimate with a cutoff of >10% was used
(208, 209). The following formula was used for computation of the relative difference between
the crude OR and adjusted OR.

Relative difference = %){100%

Where, AOR and COR stand for adjusted odds ratio and crude odds ratio, respectively (209). HH
elevation and travel to malarious lowlands were considered as a stratifying variable to confirm

whether they were effect modifiers, or confounders, or not (For objective I).

Conditional logistic regression models were fitted to identify independent predictors of malaria
among all age groups, and locally acquired malaria among under-five children (For objectives |
and I1). The conditional logistic regression model is the standard tool for the analysis of matched
case-control studies. It allows for the analysis of data with stratified samples. Matched case-
control study is the commonly used stratified study design. Like other regression models, it
allows for multiple variables, continuous exposures, confounding, and effect-modifying variables
to be handled appropriately (58). It is designed for the analysis of data with small stratum-
specific sample sizes (59). Since this study was employed pair matching (1: 1), the conditional

likelihood for the k™ stratum is given by

_ eX1K:8
ly (’B) ~ eX1KkB 4 eXokB
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Where, S is the coefficient, Xy is the data vector for the case and Xy is the data vector for the
control (59).

Since frequency matching for age was applied during data collection, age would have been
included in the matched multivariable model to eliminate the residual confounding effect that
may come from broad age categories (Objective 1). Through a matching variable for cases and
controls, a matched analysis was employed to explore factors associated with malaria infection.
The statistical modeling strategy estimated unadjusted matched odds ratio (mOR) and adjusted
mMOR of the studied variables with malaria infection at 95% CI. A bivariable matched analysis
was executed for each variable; those variables having p < 0.2 along with variables having
biological plausibility were included in the multivariable matched model (210). mORs with 95%
Cl and p-values were estimated for the multivariable matched analysis and variables at p < 0.05
were considered as statistically significant and independently associated with malaria infection.
Goodness of fit of conditional logistic regression model was checked by clfit test through a
package added from internet by a command findit clfit. Multicollinearity diagnostics were done

by adding a package collin to exclude variables from the multivariable matched analysis.

Digital recordings of in-depth interviews were transcribed through verbatim and translated from
Ambharic to English by the researcher and the local translators. Qualitative data management and
analysis were done using NVivo Version 10 (QSR International, Melbourne, Australia).
Thematic analysis was used (211, 212) (For objective I11). The data were content-coded for
thematic analysis. Initial coding was done based on preset categories on the basis of literature
(36, 165) and emerging themes were derived from the data. The coded data were analyzed by
querying to determine the frequency of occurring concepts, themes and relationships. Themes
summarize the responses, and the words of the interviewees were presented in Word Clouds to
illustrate key findings; quotes were taken from the interviews to illustrate the contextual quality
of the findings. Textual and structural analyses were carried out to get comprehensive meanings
of the lived experiences of the interviewees on LLINSs utilization (84). Textual analysis refers to
the description of what is expressed by the interviewees while structural analysis stands for the
interpretation of how it is expressed by the interviewees. Interpretive phenomenological analysis,

which was used to understand lived experience of the interviewees about non-consistent
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utilization of LLINs and with how participants themselves make sense of their experiences, was

employed (85).
4.6. Ethical considerations

The study protocol was approved by the Ethiopian Institute of Water Resources, Addis Ababa
University Institutional Review Board, and the Ethical Review Committee of Wollo University.
The committee provided ethical approval after reviewing the informed consent forms submitted
with all components of the research protocol. A support letter from this institution was given to
the Amhara National Regional State Health Bureau, which in turn issued a support letter to
District Health Offices and requested cooperation to run research activities effectively. Written
consents from each District Health Office and study Kebele were also obtained before starting
data collection for the current study. The informed consent or assent was included on the front

page of the questionnaire below the briefing statements (Annex 2).
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5. RESULTS

5.1. Role of house proximity to water bodies and other drivers on malaria
5.1.1. Socio-demographic and housing characteristics

Six-hundred six patients (cases and controls) participated in the study, giving a response rate of
90.9% and their HH geo-location was mapped (Figure 11). Half of the malaria infections, 152
(50.3% [44.5-55.8]), were P. vivax mono-infections while the other half (48.8%) were P.
falciparum mono-infections, with only few mixed infections. Of the 303 malaria cases, 199
(65.7% [61.8-69.4]) were males and their median (IQR) age was 18 (4.42-30) years. The
majority of malaria cases had houses with corrugated iron roof, 287 (94.7% [91.5-96.7]); mud-
made wall, 296 (97.7% [95.2-98.9]) and dung plastered floor, 294 (97.0% [(94.4-98.5]) (Table
2).

5.1.2. Travel to commercial agricultural farms and other behaviors

Of the 303 malaria cases, 59 (19.5% [15.4-24.3]) were imported malaria whereas 244 (80.5%
[75.7-84.6]) were locally acquired. Eighty three (13.7% [11.2-16.7]) travelled to malarious
lowlands (Metema, Shehedi, Abderafi, Abrahajira, Humera, Maikadera, Dansha, Belessa and
Fogera) in the preceding month. From those who travelled to malarious lowlands, 55 (66.3%
[55.2-75.8]) were engaged in agriculture. The main reason for travel, cited by 75 patients (90.4%
[81.7-95.2]), was to seek temporary jobs. Most of the travelers, (82, 98.8% [91.6-99.8]), were
males; 58 (69.9% [59.0-78.9]) were 15-29 years of age; 39 (66.1% [52.8-77.3]) had falciparum
malaria; and 42 (50.6% [39.8-61.4]) lived at elevations between 1901 and 2100 masl. Almost all
the study patients, 603 (99.5% [98.5-99.8]) had been active at night (6pm to 12pm/1700 — 2300
h) outside the home in the preceding month. Seventy (11.6% [9.2-14.4]) took anti-malarial drugs
presumptively (Table 3).

5.1.3. Intervention measures of malaria

The median (IQR) distance from house to health centre of the patients was 3.6 (0.9-5.3) km.
Fewer than one-third of the patients, 185 (30.5% [27.0-34.3]) owned at least one LLIN per HH.
Of those patients who had LLINs, 123 (66.5% [59.3-73.0]) reported having slept under a LLIN
the night prior to the interviews. Overall, 451 (74.4% [70.8-77.8]) reported that their houses had
been sprayed with IRS in the preceding year (Table 4).
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5.1.4. Proximity of HHs to water bodies

Two hundred twenty-four (73.9% [(68.7-78.6]) of the case-HHs were located at an altitude
between 1701 and 1900 masl. Only 18 (5.9% [3.8-9.3]) of case-HHs were located within 2 km of

Lake Tana. Likewise, 28 (9.3% [6.4-9.13.1]) case-HHSs had a water body within a 250m radius
(Table 5).

Location of study HHs N
Lemba HC
[§] Makesegnit HC
® (Case HHs
® (Control HHs

0 325 6.5 13 19.5 26Km

Figure 11: Location of case-HHSs, control-HHs and health centers
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Table 2: Socio-demographic and housing characteristics of cases and controls in villages around Lake Tana, Ethiopia, October

2016-June 2017.

Characteristic Cases (n=303) Controls (n=303) Total Pearson’s X’/
n, %(95% CI) n, %(95% CI) n, %(95% CI) Fisher’s exact test**

Age (years) " 18(4.42-30) 20(3-33) 19(4-30)

<15 119, 39.3(33.9-44.9) | 119, 39.3(33.9-44.9) | 238, 39.3(35.5-43.2) 0.188

15-29 108, 35.6(30.4-41.2) | 90, 29.7(24.8-35.1) | 198, 32.6(29.0-36.5)

30-44 42,13.8(10.4-18.3) | 62,20.5(16.3-25.4) | 104, 17.2(14.4-20.4)

45-64 30, 9.9(7.0-13.8) 30, 9.9(7.0-13.8) 60, 9.9(7.8-12.6)

> 65 4, 1.3(0.5-3.5) 2,0.6(0.2-2.6) 6, 1.0(0.4-2.2)

Religion*

Orthodox Christian 299, 98.7(96.5-99.5) | 293, 96.7(94.0-98.2) | 592, 97.7(96.1-98.6) 0.105

Muslim 4,1.3(0.5-3.5) 10, 3.3(1.8-6.0) 14, 2.3(1.4-3.9)

Marital status®

Married 235, 77.6(72.5-81.9) | 257, 84.8(80.3-88.5) | 492, 81.2(77.9-84.1) 0.068

Single 48, 15.8(12.1-20.4) | 34, 11.2(8.1-15.3) 82, 13.5(11.0-16.5)

Divorced/widowed 20, 6.6(4.3-10.0) 12, 4.0(2.3-6.9) 32,5.3(3.8-7.4)

Educational status*

Tliterate" 140, 46.2(40.6-51.9) | 162, 53.5(47.8-59.0) | 302, 49.8(45.9-53.8) 0.175

Able to read and write (informal) 63, 20.8(16.6-25.8) | 55, 18.2(14.2-22.9) | 118, 19.5(16.5-22.8)

Grade 1 to 12 completed 93, 30.7(25.7-36.1) | 75, 24.7(20.2-29.9) 168, 27.7(24.3-31.4)

>12 7,2.3(1.1-4.8) 11, 3.6(2.0-6.5) 18, 3.0(1.9-4.7)

Occupation*

Government employee 6,2.0(0.9-4.4) 10, 3.3(1.8-6.0) 16, 2.6(1.6-4.3) 0.435

Merchant/trader 10, 3.3(1.8-6.0) 9, 3.0(1.5-5.6) 19, 3.1(2.0-4.9)

Farmer/peasant 251, 82.8(78.1-86.7) | 258, 85.2(80.7-88.7) | 509, 84.0(80.8-86.7)

Daily laborer 7,2.3(1.1-4.8) 8,2.6(1.3-5.2) 15,2.5(1.5-4.1)

Others 29, 9.6(6.7-13.5) 18, 5.9(3.8-9.2) 47, 7.8(5.9-10.2)

HH wealth index

Poor 89, 29.4(24.5-34.8) | 106, 35.0(29.8-40.6) | 195, 32.2(28.6-36.0) 0.275

Medium 20, 6.6(4.3-10.0) 15, 5.0(3.0-8.1) 35, 5.8(4.2-7.9)

52




Rich

194, 64.0(58.4-69.3)

182, 60.0(54.4-65.5)

376, 62.0(58.1-65.8)

. m
Number of occupants in a house™

6(4-7)

6(4-7)

6(4-7)

<5 individuals 133, 43.9(38.4-49.6) | 140, 46.2(40.6-51.9) | 273, 45.0(41.1-49.0) 0.568
>5 individuals 170, 56.1(50.4-61.6) | 163, 53.8(48.1-59.4) | 333, 55.0(51.0-58.9)

Roofing materials of the house

Corrugated iron 287,94.7(91.5-96.7) | 278, 91.8(88.1-94.4) | 565, 93.2(90.9-95.0) 0.145
Thatch 16, 5.3(3.3-8.5) 25, 8.2(5.6-11.9) 41, 6.8(5.0-9.1)

Open eaves in the roof

Yes 37,12.2(8.9-16.4) 42,13.9(10.4-18.3) | 79, 13.0(10.6-15.9) 0.546
No 266, 87.8(83.6-91.0) | 261, 86.1(81.7-89.6) | 527, 87.0(84.0-89.4)

Wall building materials

Cement 5,1.6(0.7-3.9) 3, 1.0(0.3-3.0) 8, 1.3(0.7-2.6) 0.896
Mud 296, 97.7(95.2-98.9) | 298, 98.3(96.1-99.3) | 594, 98.0(96.5-98.9)

Others® 2,0.7(0.2-2.6) 2,0.7(0.2-2.6) 4,0.7(0.2-1.7)

Flooring materials of the house

Cement and ceramic tiles 9, 3.0(1.5-5.6) 4, 1.3(0.5-3.5) 13,2.2(1.2-3.7) 0.262
Dung plastered 294, 97.0(94.4-98.5) | 299, 98.7(96.5-99.5) | 593, 97.8(96.3-98.8)

Window type of the house

Corrugated iron 55, 18.2(14.2-23.0) | 52,17.2(13.3-21.9) | 107, 17.7(14.8-20.9) 0.464
No windows 182, 60.1(54.4-65.5) | 197, 65.0(59.4-70.2) | 379, 62.5(58.6-66.3)

Open windows/open wall 58, 19.1(15.1-24.0) | 50, 16.5(12.7-21.1) | 108, 17.8(.15.0-21.1)

Others " 8,2.6(1.3-5.2) 4, 1.3(0.5-3.5) 12,2.0(1.1-3.5)

Number of rooms in the house” 3(2-3) 3(2-3) 3(2-3)

<2 rooms 100, 33.0(27.9-38.5) | 107, 35.3(30.1-40.9) | 207, 34.2(30.5-38.0) 0.549
>2 rooms 203, 67(.61.5-72.1) | 196, 64.7(59.1-69.9) | 399, 65.8(.62.0-69.5)
Tethering of cattle, goats and sheep®

Yes 73,24.1(19.6-29.3) | 69, 22.8(18.4-27.9) | 142, 23.4(20.2-27.0) 0.701
No 230, 75.9(70.7-80.4) | 234, 77.2(72.1-81.6) | 464, 76.6(73.0-79.8)

Separate kitchen

Yes 116, 38.3(32.9-43.9) | 110, 36.3(31.1-41.9) | 226, 37.3(33.5-41.2) 0.614
No 187, 61.7(56.1-67.1) | 193, 63.7(58.1-68.9) | 380, 62.7(58.8-66.5)
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*For cases and controls <18 years; religion, marital status, educational status & occupation of the HH head was taken. 2 student, job seeker, street
dweller, weaver, local musician, sewer, carter. *Cement & sand-made bricks, ink painted, ordered stones. ™ Wooden, glass sealed. ®Tethering
indoors at night in the month prior to visiting the health facility. "Unable to read and write based on self-reporting. “Continuous variables;
summarized through median and IQR as median (IQR). CI: Confidence interval. **p< 0.05 was considered statistically significant.

Table 3: Travel history and other behaviors among cases and controls in villages around Lake Tana, Ethiopia, October 2016-

June 2017.

Characteristic

Cases (n1=303)
n, %(95% CI)

Controls (n=303)
n, %(95% CI)

Total
n, %(95% CI)

Pearson’s X°/
Fisher’s exact test**

Travel to malarious lowlands *

Yes 59, 19.5(15.4-24.3) | 24,7.9(5.4-11.6) 83, 13.7(11.2-16.7) | <0.0001
No 244, 80.5(75.7-84.6) | 279, 92.1(88.4-94.6) | 523, 86.3(83.3-88.8)
Frequency of travel to malarious

lowlands (n=83)

One time 53, 89.8(78.7-95.5) | 21, 87.5(65.5-96.3) | 74, 89.2(80.2-94.3) | 0.714
Two or three times 6, 10.2(4.5-21.3) 3, 12.5(3.7-34.5) 9, 10.8(5.7-19.8)

Regular LLIN use during travels (n=83)

Yes 3,5.1(1.6-15.1) 1,4.2(0.5-27.3) 4,4.8(1.8-12.4) 1.000
No 56,94.9(84.9-98.4) | 23,95.8(72.7-99.5) | 79, 95.2(87.6-98.2)

Reason for travel (n=83)

To work temporarily/job seeking 53, 89.8(78.7-95.5) | 22,91.7(69.8-98.1) | 75,90.4(81.7-95.2) | 1.000
Others P 6, 10.2(4.5-21.3) 2, 8.3(1.9-30.2) 8,9.6(4.8-18.3)

Travel history within the study area *

Yes 95,31.4(26.4-36.8) | 72,23.8(19.3-28.9) | 167, 27.6(24.1-31.3) | 0.037
No 208, 68.6(63.2-73.6) | 231,76.2(71.1-80.7) | 439, 72.4(68.7-75.9)
Regular LLIN use during travels

(n=167)

Yes 9,9.5(4.9-17.4) 4,5.6(2.1-14.2) 13, 7.8(4.5-13.0) 0.398
No 86, 90.5(82.6-95.1) | 68, 94.4(85.8-97.9) | 154,92.2(87.0-95.5)

HH member travel to malarious

lowlands *

Yes 29, 9.6(6.7-13.5) 9, 3.0(1.5-5.6) 38, 6.3(4.6-8.5) 0.001
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No

274, 90.4(86.5-93.3)

294, 97.0(94.4-98.5)

568, 93.7(91.5-95.4)

Reason for travel (n=38)

To work temporarily/job seeking

26, 89.7(70.9-96.9)

7,77.8(33.0-96.1)

33, 86.8(71.1-94.6)

0.574

Others P

3,10.3(3.1-29.1)

2,22.2(3.9-67.0)

5, 13.2(5.4-28.9)

*In the month prior to visiting the health center . * For holy water, spiritual festivity, spiritual education, commercial issues, visiting friends and
relatives, labor (playing music in resource rich areas of low lands). **p < 0.05 was considered statistically significant.

Table 4: Malaria intervention measures among cases and controls in villages around Lake Tana, Ethiopia, October 2016-June

2017.
Characteristic Cases (n=303) Controls (n=303) Total Pearson’s X'/
n, %(95% CI) n, %(95% CI) n, %(95% CI) Fisher’s exact test**
House proximity to health centre” 3.5(0.7-4.9) 3.8 (1.2-5.5) 3.6(0.9-5.3)

<5 km 233,76.9(71.8-81.3) | 213, 70.3(64.9-75.2) | 446, 73.6(69.9-77.0) | 0.065
>5 km 70, 23.1(18.7-28.2) | 90, 29.7(24.8-35.1) | 160, 26.4(23.0-30.1)
Received malaria information

Yes 123, 40.6(35.2-46.3) | 93, 30.7(25.7-36.1) | 216,35.6(31.9-39.6) | 0.011
No 180, 59.4(53.7-64.8) | 210, 69.3(63.9-74.3) | 390, 64.4(60.4-68.1)
Number of LLIN(s) in a HH

None 203, 67.0(61.5-72.1) | 218, 71.9(66.6-76.7) | 421, 69.5(65.7-73.0) | 0.186
1 LLIN/HH 52,17.2(13.3-21.9) | 56, 18.5(14.5-23.3) | 108, 17.8(15.0-21.1)

>2 LLINs/HH 48, 15.8(12.1-20.4) | 29, (9.6(6.7-13.5) 77, 12.7(10.3-15.6)

Slept under LLIN regularly in last 1

month (n=185) *

Yes 38, 38.0(28.9-48.0) | 43, 50.6(39.9-61.2) | 81,43.8(36.7-51.1) | 0.085
No 62, 62.0(52.0-71.1) | 42,49.4(38.8-60.1) | 104, 56.2(48.9-63.3)
LLIN(s) had holes/tear(s) (n=185)

Yes 39, 39.0(29.8-49.0) | 30, 35.3(25.7-46.2) | 69, 37.3(30.6-44.6) | 0.603
No 61,61.0(51.0-70.2) | 55, 64.7(53.8-74.3) | 116, 62.7(55.4-69.4)

Period since the HH obtained

LLIN(s)(n=185)

<1 year 11, 11.0(6.1-18.9) 8,9.4(4.7-17.9) 19, 10.3(6.6-15.6) 0.723
>lyear 89, 89.0(81.1-93.9) | 77, 90.6(82.1-95.3) | 166, 89.7(84.4-93.4)
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Proper hanging of LLIN(s) (n=185)

Yes 72,72.0(62.3-80.0) | 63, 74.1(63.6-82.5) | 135, 73.0(66.1-78.9) | 0.747
No 28, 28.0(20.0-37.7) | 22,25.9(17.5-36.4) | 50,27.0(21.1-33.9)

Good condition of LLIN(s) (n=185)"

Yes 49, 49.0(39.2-58.9) | 46, 54.1(43.3-64.6) | 95, 51.4(44.1-58.5) | 0.488
No 51,51.0(41.1-60.8) | 39, 45.9(35.4-56.7) | 90, 48.6(41.5-55.9)

IRS

Yes 225, 74.3(69.0-78.9) | 226, 74.6(69.4-79.2) | 451, 74.4(70.8-77.8) | 0.926
No 78,25.7(21.1-31.0) | 77,25.4(20.8-30.6) | 155, 25.6(22.3-29.2)
Plastering/painting after IRS (n=451)

Yes 27,12.0(8.3-17.0) 21, 9.3(6.1-13.9) 48, 10.6(8.1-13.9) 0.351

No

198, 88.0(83.0-91.7)

205, 90.7(86.1-93.9)

403, 89.4(86.1-91.9)

* Measured by service years of LLIN (aged if >3 years), presence of tears/holes and proper hanging. “Continuous variables; summarized through
median and IQR as median (IQR). **p<0.05 was considered statistically significant.

Table 5: HH elevation and proximity to water bodies in villages around Lake Tana, Ethiopia, October 2016-June 2017.

Variables

Cases (n=303)
n, %(95% CI)

Controls (n=303)
n, %(95% CI)

Total
n, %(95% CI)

Pearson’s X°/
Fisher’s exact test**

HH elevation (m) "

1854(1821-1907)

1846(1818-1893)

1851(1820-1904)

1701-1900 224, 73.9(68.7-78.6) | 230, 75.9(70.7-80.4) | 454, 74.9(71.3-78.2) | 0.426
1901-2100 72,23.8(19.3-28.9) | 70,23.1(18.7-28.2) | 142, 23.4(20.2-27.0)

>2100 7,2.3(1.1-4.8) 3, 1.0(0.3-3.0) 10, 1.7(0.9-3.0)

House proximity to Lake Tana (km) " | 6.5(5.4-9.5) 6.9(5.3-8.8) 6.8(5.3-8.9)

<2 18, 5.9(3.8-9.3) 23,7.6(5.1-11.2) 41, 6.8(5.0-9.1) 0.720
2-4 22,7.3(4.8-10.8) 22,7.3(4.8-10.8) 44,7.2(5.4-9.6)

>4 263, 86.8(82.5-90.2) | 258, 85.1(80.7-88.7) | 521, 86.0(.83.0-88.5)

House proximity to a water body (m) * | 711(473-1099) 742(461-1257) 723(468-1180)

<250 28, 9.3(6.4-13.1) 25, 8.3(5.6-11.9) 53, 8.7(6.7-11.3) 0.459

250-500

54, 17.8(13.9-22.6)

66, 21.8(17.5-26.8)

120, 19.8(16.8-23.2)

>500

221, 72.9(67.6-77.7)

212, 69.9(64.5-74.9)

433,71.5(67.7-74.9)

* Continuous variables; summarized through median and IQR as median (IQR). **p <0.05 was considered statistically significant.
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5.1.5. Confounding factors and effect modifiers

The stratified analysis confirmed that there was no significant variation between stratum-specific ORs, indicating no effect
modification between the explaining variables and the stratifying variables; HH elevation and travel to malarious lowlands. Stratified
analysis also revealed no disparity between the pooled and adjusted ORs, indicating that HH elevation was not a confounder for the
effect of predictors on malaria (Table 6). Nonetheless, travel to malarious lowlands was identified as a significant confounder for the
effects of age, marital status, occupation, educational status, number of rooms, travel history within the study area, HH member’s

travel to malarious lowlands, IRS, and HH elevation on malaria infection occurrence (Table 7).

Table 6: Stratified analysis by HH elevation for predictors of malaria in villages around Lake Tana, Ethiopia, October 2016-
June 2017.

i [1750m-2000m) | [2000m-2500m] | Adjusted (Mantel-Haenszel)
Variables COR 'or OR ORwmp | 95% Cl | X?un | p-value
Age 1 0.97 2.5 1.01 0.73-1.40 |0.97 | 0.3237
Marital status 1.62 | 1.69 1.5 1.68 1.10-2.56 | 0.02 |0.8792
Occupation 119 |1.22 0.79 1.19 0.77-1.84 |0.17 | 0.6762
Educational status 134 | 131 5.45 1.36 0.98-1.88 |15 0.2205
Number of occupants in a house 1.1 1.08 1.75 1.1 0.80-1.52 | 0.35 | 0.5523
HH wealth index 129 |1.29 1.24 1.29 0.91-182 |0 0.9629
Roofing materials 0.62 |0.6 1.25 0.62 0.32-1.19 |0.24 | 0.6233
Open eaves in the roof 0.86 |0.79 3.11 0.87 0.54-1.40 |1.96 |0.1615
Number of rooms 1.11 | 1.17 0.3 1.09 0.78-1.52 | 2.65 |0.1035
Separate kitchen 1.09 |1.13 0.7 1.1 0.79-1.53 | 0.36 | 0.5464
Tethering of cattle, goats and sheep 1.08 |1.09 0.98 1.08 0.74-1.58 | 0.02 | 0.8995
Travel history to malarious lowlands 281 |33 0.98 2.91 1.73-490 |2.14 |0.1436
Travel history within the study area 147 |1.52 1.17 1.49 1.04-2.15 |0.11 |0.737
Received health education on malaria 154 | 155 1.43 1.55 1.10-2.17 |0.01 | 0.9153
Number of LLIN(s) ina HH 1.26 | 1.28 0.9 1.26 0.89-1.78 | 0.15 | 0.6984
IRS 0.98 |0.95 0 0.94 0.63-1.39 | 0.77 | 0.3805
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House proximity to health centre 0.71 |0.7 1.11 0.71 0.49-1.04 |0.26 | 0.6089

House proximity to a water body 1.05 |1.09 0.67 1.04 0.81-1.34 |1.17 |0.2788

ORwy: adjusted odds ratio using Mantel-Haenszel method, COR: crude odds ratio, X*y: Mantel-Haenszel chi-square value.

Table 7: Stratified analysis by travel to malarious lowlands for predictors of malaria in villages around Lake Tana, Ethiopia,
October 2016-June 2017.

. Travel to malarious lowlands Adjusted (Mantel-Haenszel)

Variables
COR | Yes (OR) No (OR) ORmy | 95% CI | X®mu | p-value

Age 1 0 0.82 0.8 0.57-1.13 | 1.02 | 0.3123
Marital status 1.62 |0.93 1.45 1.32 |0.86-2.04 | 0.66 |0.4182
Occupation 1.19 | 1.34 0.92 099 |0.63-1.57 | 0.41 | 0.5242
Educational status 1.34 | 1.24 1.21 121 |0.88-1.68 | 0 0.9725
Number of occupants in a house 1.1 0.99 1.18 1.16 |0.84-1.60 | 0.11 | 0.7423
HH wealth index 1.29 | 121 1.26 1.26 |0.89-1.78 | 0.01 | 0.9375
Roofing materials 0.62 |0.38 0.66 0.61 |0.32-1.17 | 0.36 | 0.547
Open eaves in the roof 0.86 | 1.02 0.79 0.82 |0.50-1.33 | 0.13 |0.7152
Wall building materials 071 |0 1.09 0.77 |0.22-2.73 | 1.23 | 0.2669
Flooring materials 044 |0 0.58 045 |0.13-1.60 | 0.71 | 0.401
Number of rooms 1.11 | 1.14 1.26 1.25 |0.88-1.76 | 0.04 | 0.8482
Separate kitchen 1.09 |0.9 1.04 1.02 |0.73-1.43 | 0.08 | 0.7838
Tethering of cattle, goats and sheep 1.08 |0.74 1.09 1.03 |0.71-151 045 |05
Travel history within the study area 1.47 |0.29 1.18 1.03 | 0.68-1.56 | 3.08 | 0.0792
HH member travel to malarious lowlands | 3.46 | 2.6 2.56 2.58 1.16-5.74 | O 0.9841
Received health education on malaria 154 |2.43 1.31 1.42 1.00-1.99 | 1.32 | 0.2508
Number of LLIN(s) ina HH 1.26 | 1.07 1.16 1.15 |0.80-1.64 | 0.02 | 0.8749
IRS 098 |219 1 1.13 |0.78-1.65 | 2.12 | 0.1453
HH elevation 0.8 0.28 0.93 0.67 |0.32-1.40 | 2.05 | 0.1526
House proximity to health centre 0.71 | 0.56 0.75 0.73 0.50-1.05 | 0.25 | 0.6138
House proximity to Lake Tana 1.3 1.54 1.37 1.4 0.73-2.69 | 0.02 | 0.8918
House proximity to a water body 1.05 |1.58 1.04 1.11 0.86-1.43 | 1.40 | 0.2374
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ORwy: adjusted odds ratio using Mantel-Haenszel method, COR: crude odds ratio, X%uu: Mantel-Haenszel chi-square value.

5.1.6. Determinants of malaria
Matched multivariable analysis showed that travel to malarious lowlands in the preceding month (adjusted mOR = 7.23; 95% CI:
2.38-22.00), HH member’s travel to malarious lowlands (adjusted mOR = 3.04; 95% CI: 1.14-8.08), and delivery of inadequate
malaria information (adjusted mOR = 1.56; 95% CI. 1.02-2.37) were statistically significant and independent predictors of malaria

infection occurrence in a meso-endemic setting (Table 8).

Table 8: Determinants of malaria transmission dynamics in villages around Lake Tana, Ethiopia, October 2016-June 2017.

Variables Unadjusted mOR” p-value | Adjusted mOR (95% CI) p-value
Age (years) 0.98 0.125 0.98(0.95-1.01) 0.196
Marital status

Married 1 1

Single 1.68 0.057 1.36(0.65-2.85) 0.413
Divorced/widowed 1.97 0.101 1.88(0.71-5.00) 0.203
Occupation

Farmer 1 1

Non-farmer 1.23 0.400 0.79(0.39-1.59) 0.508
Educational status

[lliterate 1 1

Able to read and write 1.38 0.163 1.49(0.89-2.50) 0.127
Grade 1 to 12 completed 1.54 0.042 1.05(0.63-1.76) 0.839
>12 0.72 0.535 0.58(0.15-2.24) 0.426
HH wealth index

Poor 1 1

Medium 1.62 0.197 1.43(0.62-3.27) 0.399
Rich 1.29 0.162 1.24(0.82-1.88) 0.316
Roofing materials

Corrugated iron 1 1

Thatch 0.57 0.122 0.71(0.31-1.62) 0.418
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Flooring materials

Cement and others

1

Dung plastered

0.44

0.177

0.47(0.12-1.88)

0.284

Travel to malarious lowlands

No

1

Yes

9.75

<0.0001

7.23(2.38-22.00)

<0.0001

Travel history within the study area

No

1

Yes

1.56

0.026

1.02(0.62-1.65)

0.952

HH member travel to malarious
lowlands

No

1

Yes

3.86

0.001

3.04(1.14-8.08)

0.026

Received health information on
malaria

No

1

Yes

1.59

0.010

1.56(1.02-2.37)

0.038

Number of LLIN(s) in a HH

None

1

1 LLIN/HH

1.07

0.674

1.10(0.65-1.87)

0.721

>2 LLINs/HH

1.87

0.021

1.74(0.92-3.29)

0.090

HH elevation

1701-1900

1

1901-2100

1.40

0.355

0.89(0.35-2.26)

0.810

>2100

3.06

0.137

2.22(0.36-13.88)

0.394

House proximity to health centre

<5

1

>5

0.71

0.069

0.77(0.50-1.18)

0.229

House proximity to a water body

<250

1

250-500

0.75

0.393

0.99(0.44-2.24)

0.987

>500

0.94

0.842

1.25(0.58-2.69)

0.575
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House proximity to Lake Tana

<D 1 1

2-4 1.32 0.552 1.40(0.49-4.03) 0.528
>4 1.33 0.399 1.52(0.70-3.33) 0.292

Unadjusted mOR, Unadjusted matched odds ratio; adjusted mOR, adjusted matched odds ratio; 1, Reference category

# Unadjusted mOR using 95% Cl in bivariate conditional logistic regression analysis from matched case-control pairs.

* Adjusted mOR using 95% CI in multivariable conditional logistic regression analysis from matched case-control pairs. p <0.05 was considered
statistically significant.

5.2. Relationship of locally acquired malaria and house proximity to a water body among under-five children

5.2.1. Socio-demographic and residential housing characteristics
One-hundred sixty-two under-five children were enrolled in the study, giving a response rate of 88% and their HH geo-coordinates
were plotted in the study area (Figure 8). Nearly three-quarters of the malaria infections, 60 (74.1% [63.2-82.6]) were P. vivax mono-
infections and the remaining, 21 (25.9% [17.4-36.8]) were P. falciparum mono-infections. Of the total malaria cases, 19 (23.5% [15.3-
34.1]) were found between October 10, 2016, and December 15, 2016; 27 (33.3% [23.8-44.5]) were found between December 16,
2016, and March 15, 2017; and 35 (43.2% [32.7-54.4]), were found between March 16, 2017, and June 30, 2017. Of the 81
Plasmodium positive under-five children, 50 (61.7% [50.5-71.8]) were males. The median (IQR) age of the Plasmodium-positive
under-five children was 27 (20-48) months. The majority of malaria positive under-five children lived in houses with corrugated iron
roof, 76 (93.8% [85.8-97.5]); mud-made wall, 80 (98.8% [91.4-99.8]) and dung plastered floor, 80 (98.8% [91.4-99.8]) (Table 9).

Table 9: Socio-demographic and housing characteristics of under-five children in villages around Lake Tana, Ethiopia,
October 2016-June 2017

Characteristic Cases (n=81) Controls (n=81) Total Pearson’s X’/
n, % (95% CI) n, % (95% CI) n, % (95% CI) Fisher’s exact test**
Age of child (months) " 27 (20-48) 23 (12-30) 24 (17-36)
5-35 45, 55.6 (44.4-66.2) | 62,76.5 (65.9-84.7) | 107, 66.1 (58.3-73.0) | 0.005
36-59 36,44.4 (33.8-55.6) | 19, 23.5 (15.3-34.1) | 55,33.9(27.0-41.7)
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Marital status*

Married 78, 96.3 (88.9-98.8) | 78, 96.3 (88.9-98.8) | 156, 96.3 (91.9-98.3) | 1.000
Divorced 3,3.7(1.2-11.1) 3,3.7(1.2-11.1) 6,3.7 (1.7-8.1)

Educational status*

Iliterate’ 39, 48.1 (37.3-59.2) | 45, 55.6 (44.4-66.2) | 84,51.9 (44.1-59.5) | 0.622
Able to read and write (informal) 22,27.2 (18.4-38.1) | 21,25.9 (17.4-36.8) | 43,26.5 (20.3-34.0)

Grade 1 to 6 completed 12, 14.8 (8.5-24.5) | 7,8.6 (4.1-17.3) 19, 11.7 (7.6-17.7)

>7 8,9.9 (4.9-18.8) 8,9.9 (4.9-18.8) 16, 9.9 (6.1-15.6)

Maternal education

Iliterate! 64, 79.0 (68.6-86.7) | 63,77.9 (67.2-85.7) | 127,78.4 (71.3-84.1) | 0.726
Able to read and write (informal) 6, 7.4 (3.3-15.8) 4,49 (1.8-12.7) 10, 6.2 (3.3-11.2)

Grade 1 to 6 completed 6, 7.4 (3.3-15.8) 10, 12.3 (6.7-21.7) 16,9.9 (6.1-15.6)

>7 5,6.2 (2.5-14.2) 4,4.9 (1.8-12.7) 9,5.5(2.9-10.4)

Occupation*

Farmer 75,92.6 (84.2-96.7) | 73, 90.1 (81.2-95.1) | 148,91.4 (85.9-94.8) | 0.576
Non-farmer 6, 7.4 (3.3-15.8) 8,9.9 (4.9-18.8) 14, 8.64 (5.2-14.1)

HH wealth index

Poor 17,21.0 (13.3-31.4) | 25,30.9 (21.6-42.0) | 42,25.9(19.7-33.3) | 0.252
Medium 6, 7.4 (3.3-15.8) 8,9.9 (5.0-18.8) 14, 8.6 (5.2-14.1)

Wealthy 58, 71.6 (60.6-80.5) | 48, 59.2 (48.1-69.6) | 106, 65.4 (57.7-72.4)
Number of occupants in a house” 6 (4-7) 6 (4-7) 6 (4-7)

<5 individuals 36,44.4 (33.8-55.6) | 39, 48.1 (37.3-59.2) | 75,46.3 (38.7-54.1) | 0.636
>5 individuals 45,55.6 (44.4-66.2) | 42,51.9 (40.8-62.7) | 87,53.7 (45.9-61.3)

Roofing materials

Corrugated iron 76,93.8 (85.8-97.5) | 71, 87.7 (78.3-93.3) | 147,90.7 (85.1-94.4) | 0.175
Thatch 5, 6.2(2.5-14.2) 10, 12.3 (6.7-21.7) 15,9.3 (5.6-14.9)

Wall building materials

Cement 1, 1.2 (0.2-8.6) 3,3.7(1.2-11.1) 4,2.5(0.9-6.5) 0.620
Mud and sticks 80, 98.8 (91.4-99.8) | 78, 96.3 (88.9-98.8) | 158,97.5(93.5-99.1)
Flooring materials

Cement plastered or ceramic tiles 1, 1.2 (0.2-8.6) 2,2.5(0.6-9.6) 3, 1.8 (0.6-5.6) 1.000

Dung plastered

80, 98.8 (91.4-99.8)

79, 97.5 (90.4-99.4)

159, 98.2 (94.4-99.4)
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Number of rooms in the house 3 (2-3) 3 (2-3) 3 (2-3)

<2 rooms 18,22.2 (14.3-32.8) | 25, 30.9 (21.6-42.0) | 43, 26.5(20.3-34.0) | 0.213
> 2 rooms 63, 77.8 (67.2-85.7) | 56, 69.1 (58.0-78.4) | 119, 73.5 (66.0-79.7)
Tethering of cattle, goats, sheep ©

Yes 24,29.6 (20.6-40.7) | 20,24.7 (16.4-35.5) | 44,27.2 (20.8-34.6) | 0.480
No 57,70.4 (59.3-79.4) | 61, 75.3 (64.5-83.6) | 118, 72.8 (65.4-79.2)
Presence of separate kitchen

Yes 20, 24.7 (16.4-35.5) | 24,29.6 (20.6-40.7) | 44,27.2 (20.8-34.6) | 0.480

No

61, 75.3 (64.5-83.6)

57,70.4 (59.3-79.4)

118, 72.8 (65.4-79.2)

*The HH head status was taken. ® Government employee, merchant/trader, daily laborer, street dweller, carter. “Tethering indoors at night in the
month prior to visiting the health facility. ¥ Unable to read and write based on self-reporting. * Continuous variables; summarized through median
and IQR as median (IQR). CI: Confidence interval. ** p< 0.05 was considered statistically significant. The italics indicate statistically significant
p-values

5.2.2. Awareness regarding malaria, malaria-related behaviors and intervention measures
Of all the 162 HH heads, 149 (92.0% [86.6-95.3]) had information on malaria transmissibility through a mosquito bite. One-hundred
sixty (98.8% [95.1-99.7]) under-five children had been active (1700-2300 h) in the preceding month (Table 10).
Less than one-third of under-five children, 50 (30.9% [24.2-38.5]) resided in HHs that owned at least one LLIN. Of those under-five
children who had LLINs, 32 (64.0% [49.4-76.4]) reportedly slept under an LLIN regularly two weeks prior to the diagnosis. More
than half, 26, (52.0 % [37.9-65.8]) of HHs had LLINs that were in good condition. One hundred forty-three, (88.3% [82.3-92.4])
reported that their houses had been sprayed with IRS during the preceding year (Table 11).
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Table 10: Awareness of malaria among HH heads and malaria-related behaviors in villages around Lake Tana, Ethiopia,

October 2016-June 2017

Characteristic Cases (n = 81) Controls (n = 81) Total Pearson’s X'/
n, % (95% CI) n, % (95% CI) n, % (95% CI) Fisher’s exact test**

Anopheles mosquito transmits malaria

Yes 74,91.4 (82.7-95.9) | 75, 92.6 (84.2-96.7) | 149, 92.0 (86.6-95.3) | 0.772

No 7,8.6 (4.1-17.3) 6, 7.4 (3.3-15.8) 13,8.0 (4.7-13.4)

LLIN use prevents malaria

Yes 74,91.4 (82.7-95.9) | 74, 91.4 (82.7-95.9) | 148, 91.4(85.9-94.8) | 1.000

No 7,8.6 (4.1-17.3) 7,8.6 (4.1-17.3) 14, 8.6 (5.2-14.1)

Travel history within study villages *

Yes 16, 19.8 (12.3-30.1) | 12, 14.8 (8.5-24.5) | 28,17.3 (12.2-24.0) | 0.406

No 65, 80.2 (69.9-87.7) | 69, 85.2 (75.5-91.5 | 134, 82.7 (76.0-87.8)

Regular LLIN use during travels (n=28)

Yes 4,25 (8.6-54.3) 1, 8.3 (0.8-50.1) 5,17.9 (7.2-37.9) 0.355

No 12,75.0 (45.7-91.4) | 11,91.7 (49.9-99.2) | 23, 82.1 (62.1-92.8)

HH member travel to lowlands *

Yes 3,3.7(1.2-11.1) 1, 1.2 (0.2-8.6) 4,2.5(0.9-6.5) 0.620

No 78, 96.3 (88.9-98.8) | 80, 98.8 (91.4-99.8) | 158, 97.5 (93.5-99.1)

*In the month prior to visiting the health center. **Test p-values.

Table 11: Malaria intervention measures among under-five children in villages around Lake Tana, Ethiopia, October 2016-

June 2017

Characteristic Cases (n = 81) Controls (n = 81) Total Pearson’s X’/
n, % (95% CI) n, % (95% CI) n, % (95% CI) Fisher’s exact test**
Received malaria information*
Yes 32,39.5(29.3-50.7) | 23, 28.4 (19.5-39.4) | 55,34.0 (27.0-41.7) | 0.135
No 49, 60.5 (49.3-70.7) | 58, 71.6 (60.6-80.5) | 107, 66.0 (58.3-73.0)
Number of LLIN(s) in a HH
None 55, 67.9 (56.8-77.3) | 57,70.4 (59.3-79.4) | 112, 69.1 (61.5-75.8) | 0.941
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1 LLIN/HH

16, 19.8 (12.3-30.1)

15, 18.5 (11.4-28.7)

31, 19.2 (13.7-26.0)

>2 LLINs/HH

10, 12.3 (6.7-21.7)

9, 11.1 (5.8-20.2)

19, 11.7 (7.6-17.7)

Regular LLIN use in last 2 weeks (n = 50)

Yes 16, 61.5 (40.7-78.9) | 16, 66.7 (44.5-83.3) | 32, 64.0 (49.4-76.4) | 0.706
No 10, 38.5 (21.1-59.3) | 8, 33.3 (16.7-55.5) 18, 36.0 (23.6-50.6)

Regular LLIN use in last 1 month (n = 50)

Yes 12,46.2 (27.3-66.2) | 14, 58.3 (36.9-77.1) | 26,52.0 (37.9-65.8) | 0.389
No 14, 53.8 (33.8-72.7) | 10,41.7 (22.9-63.1) | 24, 48.0 (34.2-62.1)

Having holes/tear(s) in LLIN(s) (n = 50)

Yes 10, 38.5 (21.1-59.3) | 9, 37.5 (19.8-59.4) 19, 38.0 (25.3-52.5) | 0.944
No 16, 61.5 (40.7-78.9) | 15, 62.5 (40.6-80.2) | 31, 62.0 (47.5-74.7)

Period since delivered LLIN(s)(n = 50)

<l year 10, 38.5 (21.1-59.3) | 11, 45.8 (26.3-66.8) | 21,42.0 (28.8-56.4) | 0.598
>1year 16, 61.5 (40.7-78.9) | 13, 54.2 (33.2-73.7) | 29, 58.0 (43.6-71.2)

Proper mounting of LLIN(s) (n = 50)

Yes 20, 76.9 (55.6-89.9) | 16, 66.7 (44.5-83.3) | 36,72.0 (57.6-83.0) | 0.420
No 6,23.1(10.1-44.4) | 8, 33.3 (16.7-55.5) 14, 28.0 (17.0-42.4)

Washing frequency (n = 50)

<4 times 22,84.6 (63.7-94.5) | 21, 87.5 (65.5-96.3) | 43, 86.0 (72.9-93.4) 1.000
> 4 times 4,154 (5.5-36.3) 3, 12.5(3.7-34.5) 7, 14.0 (6.6-27.1)

Good condition of LLIN(s) (n = 50) ~

Yes 13, 50.0 (30.5-69.5) | 13, 54.2 (33.2-73.7) | 26,52.0 (37.9-65.8) | 0.768
No 13, 50.0 (30.5-69.5) | 11,45.8 (26.3-66.8) | 24, 48.0 (34.2-62.1)

IRS

Yes 71,87.7 (78.3-93.3) | 72, 88.9 (79.8-94.2) | 143, 88.3 (82.3-92.4) | 0.807
No 10, 12.3 (6.7-21.7) |9, 11.1 (5.8-20.2) 19, 11.7 (7.6-17.7)
Plastering/painting after IRS (n = 143)

Yes 4,5.6(2.1-14.4) 3,4.2(1.3-12.4) 7,4.9 (2.3-10.0) 0.719
No 67,94.4 (85.6-97.9) | 69, 95.8 (87.6 -98.7) | 136, 95.1 (90.0-97.7)

Use other mosquito protections *

Yes 7,8.6 (4.1-17.3) 4,95.1 (87.3-98.2) 11, 6.8 (3.8-11.9) 0.534

No

74, 91.4 (32.7-95.9)

77,4.9 (1.8-12.7)

151, 93.2 (88.1-96.2)
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“Getting information on malaria signs and symptoms, transmission methods, preventive and control measures, and early treatment seeking
behavior by HEWs. ~ measured by service years of LLIN (aged if >3 years), absence of tears/holes, proper hanging and frequent washing.
*Mosquito coils, homemade insecticides, grass or wood fumes. **Test p-values.

5.2.3. Proximity of HHSs to water bodies

Eighty (98.8% [91.4-99.8]) of the case-HHs were located below 2000 masl. Only 13 (16.0% [9.4-26.0]) of case-HHs were located
within 4 km of Lake Tana. Similarly, 19, (23.5% [15.3-34.1]) case-HHs had a water body within a 500m radius (Table 12).

Table 12: HH elevation and proximity to water bodies in villages around Lake Tana, Ethiopia, October 2016-June 2017

Variables Cases (n = 81) Controls (n = 81) Total Pearson’s X’/
n, % (95% CI) n, % (95% CI) n, % (95% CI) Fisher’s exact test**

HH elevation (m) - 1844 (1816-1859) 1833 (1816-1856) 1841 (1816-1859)

<2000 80, 98.8 (91.4-99.8) | 79, 97.5 (90.4-99.4) | 159, 98.1 (94.4-99.4) | 1.000

> 2000 1,1.2(0.2-8.6) 2,2.5(0.6-9.6) 3, 1.9 (0.6-5.6)

House proximity to Lake Tana (km) © | 5.8 (5.1-7.4) 6.0 (5.0-7.5) 5.9 (5.1-7.5)

<4 13,16.0 (9.4-26.0) | 14,17.3(10.4-27.3) | 27,16.7 (11.6-23.3) | 0.833

>4 68, 84.0 (74.0-90.6) | 67, 82.7 (72.7-89.6) | 135, 83.3 (76.7-88.4)

Water body presence within 500m * 769 (522-1155) 825 (522-1279) 812.5 (522-1211)

Yes 19, 23.5 (15.3-34.1) | 20, 24.7 (16.4-35.5) | 39,24.1 (18.1-31.3) | 0.854

No 62,76.5 (65.9-84.7) | 61, 75.3 (64.5-83.6) | 123,75.9 (68.7-81.9)

I' Continuous variables; summarized through median and IQR as median (IQR). **p < 0.05 was considered statistically significant.
5.2.4. Determinants of locally acquired malaria among under-five children

Adjusted matched analysis verified that children 36-59 months of age (adjusted mOR = 3.88; 95% CI: 1.55-9.74) had higher odds to
be infected with malaria than children under 36 months in villages around Lake Tana (Table 13).
Table 13: Determinants of malaria among under-five children in villages around Lake Tana, Ethiopia, October 2016-June
2017

| Variables | Unadjusted mOR” | p-value | Adjusted mOR (95% CI)' | p-value |
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Age

5-35

1

36-59

3.13

0.005

3.88 (1.55-9.74)

0.004

Maternal education

Illiterate

1

Literate

0.91

0.827

0.87 (0.28-2.63)

0.799

HH wealth index

Poor

1

Medium

1.28

0.694

0.69 (0.16-3.02)

0.619

Wealthy

1.99

0.100

1.50 (0.58-3.86)

0.399

Roofing materials

Corrugated iron

1

Thatch

0.38

0.147

0.40 (0.07-2.19)

0.290

Number of rooms in the house

<2 rooms

1

> 2 rooms

1.70

0.183

2.29 (0.80-6.54)

0.123

Presence of separate kitchen

No

1

Yes

0.67

0.374

0.73 (0.31-1.72)

0.475

Tethering of cattle, goats and
sheep

No

1

Yes

1.31

0.467

1.14 (0.46-2.79)

0.777

Travel history within the study
villages

No

1

Yes

1.36

0.435

1.56 (0.56-4.36)

0.399

Received malaria information

No

1

Yes

2.13

0.079

2.55 (0.89-7.29)

0.082

Water body presence within
500m
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Yes 1

No 1.08 0.847 1.46 (0.54-3.93) 0.452
House proximity to Lake Tana

<4 1 1

>4 1.08 0.842 1.23 (0.43-3.50) 0.694

P < 0.05 was considered statistically significant. Unadjusted mOR, unadjusted matched odds ratio; adjusted mOR, adjusted matched odds ratio; 1,
Reference category. * Unadjusted mOR using 95% CI in bivariable matched analysis. *Adjusted mOR using 95% CI in multivariable matched
analysis.

5.2.5. Malaria vectors in the study setting

A total of 1,509 adult specimens of Anopheles mosquitoes were considered for identification using morphological characters.
However, 312 mosquitoes were excluded from microscopic examination due to incomplete anatomical morphologies. The
male/female ratio of identified Anopheles adults was 0.84:1. Out of 1,197 adults, An. pretoriensis was the most common and
predominant species (n = 327, 27.3%), followed by the An. gambiae complex (n =308, 25.7%) (Table 14 & Table 15, and Figure 8).
There were statistically significant differences in Anopheles species distribution (p < 0.001) among the study sites. 4An. pretoriensis

was collected in all the larval habitats, including natural breeding sites in riverbeds with sandy substrates (Table 1).

Table 14: Number of Anopheles mosquito species identified by sex in villages around Lake Tana, Ethiopia, April-June 2017

Anopheles mosquito species Number of Anopheles species
Females Males Total
n(%) n(%) n(%)
An. gambiae complex 185 (60.1) 123 (39.9) 308 (25.7)
An. pharoensis 56 (62.2) 34 (37.8) 90 (7.5)
An. pretoriensis 165 (50.5) 162 (49.5) 327 (27.3)
An. dancalicus 13 (41.9) 18 (58.1) 31 (2.6)
An. cinereus 39 (48.8) 41 (51.2) 80 (6.7)
An. garnhami 22 (26.5) 61(73.5) 83 (6.9)
An. christyi 95 (64.6) 52 (35.4) 147 (12.3)
An. funestus group 42 (73.7) 15 (26.3) 57 (4.8)
An. erepens 11 (57.9) 8(42.1) 19 (1.6)
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An. coustani 7 (26.9) 19 (73.1) 26 (2.2)
An. domicolus 14 (48.3) 15 (51.7) 29 (2.4)
Total 649 548 1,197

Table 15: Anopheles mosquito species distribution by survey site in villages around Lake Tana, Ethiopia, April-June 2017

Anopheles mosquito

Survey sites

species Sara Wonez and Ferkit | Adiga Woyenareb | Barengua | Ferenji Wuha | Derchit* | Embileba | Total

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
An. gambiae complex | 120 (38.3) 45 (26.9)” | 92 (61.3) 51(31.3) |- - - 308 (25.7)
An. pharoensis 68 (21.7)° - - - 22 (13.8)” - - 90 (7.5)
An. pretoriensis 75 (24.0) 54 (32.3) | 58 (38.7) 41 (25.2) |34 (21.4) 38(32.2) | 27(21.3) |327(27.3)
An. dancalicus 31 (9.9)" - - - - - - 31 (2.6)
An. cinereus - - - 47 (28.8) | 25 (15.7)" - 8(6.3)" 80 (6.7)
An. garnhami - 42 (25.1)" | - 24 (14.7)" | - - 17 (13.4)" | 83 (6.9)
An. christyi - - - - 49 (30.9) 34 (28.8) | 64 (50.4)” | 147 (12.3)
An. funestus group - - - - - 46 (39.0) | 11 (8.6)" |57 (4.8)
An. erepens 19 (6.1)" - - - - - - 19 (1.6)
An. coustani - 26 (15.7)” | - - - - - 26 (2.2)
An. domicolus - - - - 29 (18.2)” - - 29 (2.4)
Total 313 167 150 163 159 118 127 1,197

*Unable to get Anopheles larvae in the third round due to run-off; ® Not found in the first two rounds; P Not found in the first and third rounds; ©
Not found in the last two rounds; “ Not found in the third round.

5.3. Barriers of consistent LLINs utilization
5.3.1. Socio-demographic characteristics and sleeping time under LLINs

The majority of the 61 interviewees were adult males, without formal education, and local community members (Table 16). It was

reported that most informants usually went to sleep between 9PM and 10PM (2100-2200 h) that depends on various reasons. A saying

from an adult man elaborated this “I have taken drugs at 2100 h and slept on a sofa until 2300 h or more”. Another man mentioned

that “After all the domestic animals (sheep, goat, cattle, etc.) get in their corrals, around 2100 h”. As reported, some individuals

thought that mosquitoes do not bite in early evening (1800 h).
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Table 16: Demographic characteristics of interviewees in villages around Lake Tana, April to June 2017

Characteristic Frequency
n (%)
Sex Male 33 (54.1)
Female 28 (45.9)
Age (in years) 15-25 9(14.8)
26-45 35(57.4)
>45 17(27.8)
Education level No formal education/unable to read and write 24(39.3)
Primary 17(27.9)
Secondary 6(9.8)
College/university 14(23.0)
Occupation Local leaders 19(31.2)
Students 6(9.8)
Health professionals* 5(8.2)
HEWSs 8(13.1)
Local community members** 23(37.7)

*Malaria focal persons, Environmental Health Officer and District Malaria Officers; **Farmers and town residents

5.3.2. Perceived benefits and shortcomings of LLINSs
Favorable and unfavorable characteristics of currently distributed LLINS were mentioned and viewed from various perspectives.
Conventionally treated nets/ITNs were frequently acknowledged relative to the current LLINs that were highly attributed to the
secondary benefits of bed nets. Informants’ perceptions of the benefits and weaknesses of LLINs varied considerably. Firstly, they
evaluated them by their killing ability of other arthropods such as house flies, fleas, bedbugs, cockroaches and spiders. Most
informants commented that the currently distributed LLINs had not killed these arthropods although almost all acknowledged they had
done so when new and up to 3 months old. Many informants attributed the decrease in killing ability of LLINSs after several months to
inadequate impregnation. Loss of killing ability was one of the reasons residents considered them ineffective and discontinued their

use.
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“Nets distributed previously had adequate insecticide. The current nets are inadequately impregnated. | think that they cannot

serve for 3 years. They do not serve even for 2 years.” (Female, 38 years old, HEW in Sheha-Gomenege Kebele).

“The insecticide content of the current net is not a killer. It did not kill any arthropods. The current nets did not kill even

mosquitoes that caused nuisance.” (Male, 42 years old, local leader in Sheha-Gomenge Kebele).
Secondly, informants rated LLINs based on their physical integrity. They reported that the nets quickly became dirty and faded; they
were worn out due to repeated washing and broke after 6 months of use. Loss of physical integrity, especially breakage, appeared to
be due to the impoverished living conditions in rural houses. A saying from one informant heavily supported this.

“The strength of LLIN is also not as such strong compared with the previous ones. It did not serve even for 2 years and they

easily tear off in most HHs.” (Female, 35 years old, HEW in Tsion-Seguaj Kebele)

On the other hand, some informants reported that LLINSs are very strong, adequate in size, and can serve throughout the stated lifetime
if handled with care. They described the current LLINS as relatively smooth in texture and comfortable to the skin. However, a larger
number of informants questioned the stated service length and the adequacy of the nets’ size; they considered them serviceable for 2
years at most if handled with care. Some stated that the large mesh size allowed mosquitoes to go through and complained that the
nets were too small for large beds. Additionally, new nets were said to cause skin irritations when in contact with skin.

Regarding the mounting and shape of LLINS, many informants reported that they or others in their HHs who used them preferred the
circular shaped nets because they were compatible with any sleeping space. Circular nets mounted at one point in the ceiling were
simple to install and operate and easy to roll up during daytime and suspend at night. For instance, an environmental health officer and
ex-malaria worker noted, “Circular shaped nets are durable and fit for thatched roof houses”. Rectangular shaped nets, by contrast,
were viewed unfavorably due to the difficulty of installing them and the large space they required. Thus, informants revealed that only
HHs with beds in chigga bet (mud-stick houses) could comfortably hang and use the rectangular nets. However, rectangular shaped

nets were not preferred because their installation made holes and cracks in the mud walls.
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“Even though the rectangular type [of nets] is suitable to use on beds, circular types (too long) are very comfortable to use on

mats on the floor or on raised earthen platforms/plinths.” (Female, 35 years old, HEW in Layeye-Dugie Kebele)

“We have seen nets which are circular in shape in towns and this type is very good for rural residents too. It is tied only on
one rope and easy to suspend and roll. It is very good.” (Male, 50 years old, main administrator of Sheha-Gomenge Kebele)

5.3.3. Barriers to the consistent utilization of LLINSs, and accessibility and availability

During almost all interviews, bedbug infestation was mentioned and observed as a major deterrent for consistent use of LLINs (Figure
12). The hanging corners of LLINs and the top inside of the nets harbored bedbugs. Additionally, bedbug urine and feces were
associated with soiling and pigmentation of LLINs. Bedbugs reportedly infested almost all houses in the study communities. Some
individuals detached nets or slept on the floor where rectangular nets could not be hanged. Some also asked if LLINS cannot protect
against bedbugs and fleas and questioned the reason for hanging nets during the hot season. However, there were informants that used
LLINs despite their beds being infested with bedbugs. Informants noted that they themselves and the community tried to destroy
bedbugs and fleas with various insecticides, but that was impossible.

“LLINs Kkilled bedbugs when they were new. When the net stopped killing bedbugs, we suspected that it also did not Kkill

mosquitoes. ” (Female, 55 years old, local leader in Makesegnit Town)
Community residents also indicated problems in receiving the nets as constraints for LLIN utilization. They cited insufficient supply
of LLINs delivered to the HH, inequitable and late delivery, and irregular replacement of old nets. However, HEWSs and some other
informants argued that HHs received LLINs based on their family size per national guidelines. Informants also reported that not all the
HH members slept under an LLIN because HH members did not follow the recommended guideline of sleeping in groups. Some HHs
were denied LLINs because they did not meet the requirement of constructing a latrine.

72



arthropods

al,,,,I'I.Hll ﬁment

WarTyenerits
|m|lregnatell

ﬂetaﬂlﬂﬂ‘ an e hotness

SiANAreness

rainy=
supplye, S0 c: sﬁ%@’ E
mleuume@u | — - I £

p

air

knes

CVLnn
0 ll
tn 8 SU;IW
nformat

poten
|

wea

ll;i
ml.l,v ~

...v;;:.:nz-zaiznercewe
g lirmammgmm

‘a rm rotection
numaer

llellallﬁlll‘l?ﬂtn"ooragedwnm
insecticidal Cﬂnﬂlllﬂn

eliminated
Lycomiortahle

Figure 12: Word Cloud: 100 most occurring words, showing the word “bedbugs” as the
most frequent one (NVivo Version 10)

As observed and reported, HHs with infants and pregnant women were most likely to use LLINS
consistently. Wearing out of nets after using for several months left people exposed to malaria.
For instance, three of the members of one HH who were not using LLINs had malaria and then
they burnt plant leaves smoke to repel out mosquitoes. The damage was mainly associated with

frequent washing, mice and poor housing conditions.

“We have no nets right now. We used them for one and a half year and when they
became black and dirt due to soot, we stopped using it.” (Female, 32 years old,

community member in Sheha Village, Sheha-Gomenge Kebele)

Another barrier to consistent utilization of LLINs was the lack of adequate information about
their proper use. Many residents reported having been informed that LLINs had to be
impregnated every 6 months like ITNs. Others thought that simply hanging a net without

adjusting it or using it as a bed sheet would protect from mosquito bites. Some others perceived
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that mosquitoes are absent during the dry season. Some residents did not use the nets after

washing them due to the perception that they had lost their insecticidal ability during laundering.

“After using for 6 or 7 months, I was not committed to reuse the net following washing.
The nets did not serve for the recommended design periods.” (Male, 40 years old,
resident of Dugie Village, Layeye-Dugie Kebele)

Some community residents believed that LLINs are not useful while some others did not know
or ignored their importance as a physical barrier. Some community residents referred that only
beds are used to suspend LLINs. Some others perceived malaria not to harm them by comparing
with the recent increasing public health concern of non-communicable diseases, which are
difficult to prevent, severe and untreatable. District malaria officers, malaria focal persons and
HEWs said that in spite of high efforts to facilitate consistent utilization of LLINS, no significant
behavioral change could be attained. The overall observation was also revealed that information
scarcity exists.

“She (HEW) has taught properly, but the community did not internalize the information
and adhere to utilize nets consistently.” (Male, 39 years old, community member in
Lemba Village, Lemba-Arebayetu Kebele)

In some houses, bed structure was a critical barrier to net utilization. Sleeping spaces such as
mud-made floors and sleeping platforms/plinths, chairs, verandas, and straw beds were unfit for
rectangular nets. Children above five years commonly slept on such sleeping places in the study
villages. However, children below three years were said to usually sleep with their parents or just
the mother and sometimes with the grandmother, mostly on regular beds. Rectangular net
mounting was reported and observed to be impossible in short and narrow thatched-roof houses
that are common in the study area.

A number of other barriers were also identified. Residents disliked the nets; they were stuffy in
dry season, had an odor, caused allergic reactions, and made sleeping spaces dark. Elderly
residents often forgot to suspend them and busy farmers felt they could not take time from their
work to hang them. LLINs were inconvenient for residents who traveled and those who were
forced to sleep outside to protect and graze their cattle and protect other resources at night. A
HEW reported that “travel to lowlands for temporary work, travel to visit relatives or for
holidays or mourning, irrigation at night time, elimination of mosquitoes with IRS and

perception of sufficiency of one LLIN hanged on a bed as reasons for not using nets
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consistently. ” Low educational status, negligence and idleness were also mentioned as barriers to

consistent utilization.

“We farmers are not active to properly implement such activities. Since we have no
education, we do not take things seriously. We focus on our day to day activities. Since
managing our children is tiresome and having heavy work, we did not focus on net use. ”

(Female, 50 years old, community member in Lemba Village, Lemba-Arebaytu Kebele)

“During the rainy season, since there is runoff, thieves cannot come to loot our cattle

and | sleep in my bed. But, they may steal in the dry season and forced to sleep outside.’
(Male, 39 years old, community member in Lemba Village, Lemba-Arebayetu Kebele)

Regarding perceptions on the recent decline of malaria, some informants certainly believed or
reported individuals’ views that malaria and mosquito nuisance have been reduced or eliminated,
and they associated this belief with a decline in the use of LLINSs. For instance, one informant
stated, “since malaria is becoming to be history, LLINs utilization is currently forgotten.” Some
others expected that malaria will not reoccur. Informants also reported that their communities no

longer consider malaria as a major public health problem and a disease of the past.

5.3.4. Unintended and perceived collateral uses of LLINs

Unintended use, either misuse or repurposed use of LLINs was observed and reported by
informants. Collateral use is an additional insect control benefit of LLINs beyond protection
from mosquito bites and malaria. In general, informants admitted that using LLINs for
unintended purposes was an inescapable truth. Most informants reported LLINs were used for
unintended purposes when old, dirt, torn out, or had otherwise lost their physical integrity and
after washing. Unsafe use and poor management practices were reportedly the major reasons for

short run service damage, leading to repurposed uses.

Repurposed uses of LLINs included covering of pumpkin and pepper seedlings, drying of
cereals, protecting and assembling straw and cereal harvest residues, bagging garlic for transport
to markets with donkey carts, fencing, and use as a rope for binding or tethering purposes. For
instance, a HEW reported that there was one individual who made a rope from torn nets for the

community.
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The key informants as well as community residents reported misusing of LLINs. Residents used
new LLINs for certain domestic needs, such as for protecting and bagging straw and cereal
harvest residues; for protecting pepper and eucalyptus seedlings; and drying cereals, buckthorn
(gesho), malts (bekel) and pepper fruits. Residents placed LLINS under mattresses to protect
them from bedbugs and as bed sheets and used them to cover latrine walls and make ropes
(Figure 13 and Figure 14). In rare cases, the nets were used as head scarves, curtains for
windows and doors. Informants also reported that some residents used one net for mosquito
protection and the remaining ones for unintended purposes. Misuse of nets also included giving
them to friends or relatives as gifts, placing them in boiling water to kill bedbugs, or putting
them as packed in plastic bags (Figure 14). Some informants reasoned that because malaria had
been eliminated, using nets for other purposes made sense. However, several informants did not
use new LLINs for unintended purposes and advised residents to also use them for their proper

purpose.

“They used the net as a bed sheet. They did not use all the nets they obtained; instead
they used certain nets for unintended purposes. They did not use the new net even for one
month after they took it. For instance, | saw a new net at one kebele which they used for
protecting pepper seedlings from herbivores.” (Female, 39 years old, HEW in Zengage
Kebele)

“There was an individual who was sick in my neighborhood. My neighborhood got a net
the same time I did. When he planted pumpkins, he used it for the protection of pumpkin
seedlings from donkeys. When | asked him why he used the net for this purpose, he
replied that pumpkins are used as food but not the net. | advised him not use it and he
picked it up but he used it to make a rope.”(Male, 38 years old, local leader in Tsion-
Seguaj Kebele)

Regarding perceived collateral uses of LLINs, informants acknowledged that LLINs can
effectively destroy insects and other arthropods when new. There was a perception that LLINs
must protect primarily against bedbugs and fleas, and additionally from other arthropods as
insecticide which appeared to derive consistent use and reduced unintended use. Residents with
infants reportedly used the nets day and night for protection against house flies, crawlers, debris,

and dust. Cessation of insecticidal activity of LLINs against bedbugs after 2 or 3 months was the

76



most frequent and serious complaint from community informants. Control of bedbugs was the

commonly perceived primary collateral use of LLINSs.
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Figure 13: Word Cloud: 50 most occurring words showing terms like “rope”, “seedlings”
and “straw” (NVivo Version 10)

Figure 14: Misuse of new LLINSs: a) Used for protection of zeff (Eragrostis teff) straw from
herbivore domestic animals; b) Put as packed in its plastic bag and c¢) Used as sleeping
foam by filling it with straw
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“Instead of hanging the net, they used it under the mattress since they believed the
insecticide on the net killed bedbugs. They primarily used to protect from bedbugs despite

they knew it protects from mosquitoes.” (Malaria focal person in Lemba HC)

5.3.5. Informants’ suggestions to increase LLIN use

Informants and the wider community had different color preferences for bed nets. For instance,
residents in Makesegnit Town reportedly preferred white colored nets. In addition, participants
indicated a strong preference for circular nets over rectangular ones as the circular nets are easier
to install and use (Figure 15). Circular types were frequently suggested for rural residents
because their sleeping spaces are not uniform or comfortable, primarily because of their low
socio-economic status, social and cultural issues, and seasonal changes. Due to high need, some
residents switched from rectangular nets to circular nets on their own, and others tried to buy
circular nets from shops. Some informants proposed a portable net that can be used in any space,

similar to a sleeping bag, because individuals may sleep outside or away from home.

“The circular type is very good because it is easy to manage which is hanged at one
point of the ceiling. The rectangular type is not comfortable to roll, suspend and move.
The circular type is very comfortable for rural residents. | prefer the rectangular type to
be replaced by circular one. Since the farmers’ houses have not comfortable sleeping
spaces, the circular one is good to use in any space.” (Male, 46 years old, local leader in
Lemba-Arbaytu Kebele)
Furthermore, informants recommended that in-depth information on LLINs and malaria be
provided to residents during distribution campaigns. In-depth information about the intended use
of LLINs, how they work, and how long the insecticide lasts, as well as instructions on their
care, should be made available to all HHs. Informants suggested that creation of awareness
should be complemented with demonstrations at residences of role models, dialogue, discussion
panels, and advising. Other recommendations for raising consistent use included strict
supervision, presentations at conferences and churches, home visits, use of mass media, and

sharing of experiences. Informants suggested renewing the frequent delivery of information that
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occurred in recent years, issuing frequent alerts, and mobilizing residents to install LLINs.
Informants proposed delivery of the information through influential community members and
senior health professionals as a way to avoid community fatigue and disrespect of community
health workers. Providing residents with in-depth information in these ways can change their
current mindset of carelessness in LLINs use, effect behavioral change, and foster a positive
mental attitude toward LLIN use.

Informants recommended improving the effectiveness of LLINS by replacing them every year or
2 years, re-impregnated them every 6 months, or increasing the amount of the insecticide used.

Prolonging the ability of LLINSs to kill fleas and bedbugs would increase consistent use

“Since the net was not used for the recommended design period (aged, torn out and worn
out), it is better to replace it in every two or three years.” (Male, 44 years old, local
leader in Layeye-Dugie Kebele)
Some informants proposed reinforcing consistent use by establishing rules for LLIN use and
imposing punishment or awarding incentives for following the rules. Other informants argued
that the introduction of punishment would create a social crisis for HEWs and decrease net use.
Inter-sectoral networking was suggested as a tool for applying positive punishment, which is

generally expected by the population.
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Figure 15: Word Cloud: 100 most occurring words showing the term “circular” as more
frequent than “rectangular” (NVivo Version 10)

5.3.6. Follow-up, supervision and evaluation of LLINs utilization
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Strict follow-up, supervision and evaluation of the use and efficacy of LLINs have reportedly not
been carried out in the study area and represent a critical gap in malaria control efforts. This

situation was mainly attributed to recent reduction in malaria occurrence.

“HEWs simply alerted us to take the nets. They simply told us to use them properly.
There is no regular follow-up and supervision on how the community utilizes the net.”

(Male, 40 years old, community member in Dugie village, Layeye-Dugie Kebele)

Community residents reported that implementing interventions have been beyond the capacity of
HEWSs since they were ignored by local officials. Nevertheless, some community informants
acknowledged the effort of HEWSs to attain consistent utilization despite no behavioral change in
the community. On one occasion, the Malaria Prevention and Control District Office temporarily
enforced punishment for HHs that did not use nets or utilized them for unintended purposes.
Newly married couples, those who lost their assets due to disaster, and immigrants were
mentioned to be considered in the meantime of the next replacement period. HEWs reported that

some HHs were forced to purchase nets from shops or boutiques.

Another reason for lack of follow up was poor community acceptance of local mobilizers
delivering information about net utilization. Inadequate HEW personnel was reported as a reason

for the weakness of malaria interventions in the community.

Some informants preferred bi-annual IRS over using LLINs. They reasoned that IRS was better
for people with asthma, elderly people, and those unable to hang nets; IRS had benefits in homes
with faulty plastering and in newly constructed houses. Some informants preferred combining
IRS and LLINS.
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6. DISCUSSION

6.1. Role of house proximity to water bodies and other drivers on malaria

In this meso-endemic study setting, this study revealed that those individuals who travelled to
malarious lowland areas had higher odds of malaria infection than those who did not travel. This
finding is similar with that of other studies in Ethiopia (46, 129, 130) and elsewhere in the world
(51, 89, 114, 115, 118, 119, 121, 123, 125-128) which identified travel history as a significant
and independent predictor of malaria. Studies indicate that human migration and short-term
travel are risk factors for malaria transmission in Amhara Region as well as other regions of
Ethiopia (49). This may be due to the susceptibility of travelers from the midlands to malaria that
progresses to severe symptomatic malaria, especially among those travelers who slept without
personal protective measures (126, 213). Infection-naive individuals are highly susceptible to
malaria if exposed to an infectious anopheles mosquito, particularly in hyper-endemic areas
(214, 215). The travels mainly take place during high malaria transmission periods among people
seeking temporal job and engaging in social activities. Several studies indicated that lack of
malaria chemoprophylaxis or poor adherence and low or irregular LLIN use were observed
among travelers (46, 122). Studies also reported high proportion of local residents with imported
malaria who did not take personal chemoprophylaxis when they travelled overseas and larger
local outbreaks traced to foreign workers with imported relapsing vivax malaria while low
malaria vector density was observed (121). Use of prophylactic drugs and ITNs are the first two
effective measures for the prevention of malaria incidence relative to not using interventions
(164). In the hot lowlands, many laborers sleep outdoors and in open spaces without protection
from mosquitoes, and work at night, resulting in high malaria exposure risk (49, 213). Migrant
laborers that do not use LLINs had higher risk of malaria infection (213). Northwestern
Ethiopian lowland districts, including Metema, Gendawuha town administration, Tach
Armachiho, West Armachiho, and Quara are hotspot areas of malaria (49, 190). In these areas,
malaria prevalence among apparently healthy migrant laborers was significantly high (49, 213).
Large numbers of imported malaria cases have been found in the northwestern Ethiopian
highlands (46). Thus, imported malaria is a health risk besides locally acquired malaria in
midland villages around Lake Tana. In most places, local transmission has contributed less to

sustain transmission (125). This duality of malaria origins is also indicated by the fact that three-
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quarters of the malaria cases could not be traced to the lowlands. This epidemiological situation

points to a critical obstacle to eliminating malaria through targeted interventions.

The finding of this study pointed out that individuals who did not know about malaria etiology,
transmission, and prevention methods had higher odds of malaria infection than those who had
awareness. The possible explanation could be the low educational status of the study population,
delivery of malaria information independent of educational status, which prevents them from
understanding and analyzing the information provided to them by HEWS, or poor acceptance or
community fatigue for local promoters that leads to avoidance of the information. In addition,
absence of follow up and supervision of HHs or effective information, education and
communication (IEC) and social behavior change communication (SBCC) intervention strategies
may be the possible reasons (216). This finding is consistent with other studies (217, 218).
However, in Ethiopia, health extension program has played a tremendous role in the prevention
and control of malaria. Under the program, the health service package includes promotion and

preventive interventions to combat malaria at the community level through HEWs (219).

In this study, marital status was marginally significantly associated with malaria infection in
unadjusted matched analysis. Unmarried individuals had 68% additional odds of malaria
infection than married individuals. This may be because mostly young males travel to the hot
spot malarious lowlands for temporal work in agricultural investment corridors (49). Unmarried
people are generally in poorer health and have a higher mortality risk than married people (102).
This finding agrees with other studies (220, 221).

This study revealed that individuals who completed grade 1 to 12 had higher odds of malaria
without adjusting the potential confounders. The most likely reason may be due to the movement
of male-young students in the period of July to October for seeking seasonal job (49, 105, 106).
However, a study conducted among asymptomatic migrant travelers in northwest Ethiopia
showed illiterate individuals had higher odds of malaria (213). Besides, other studies showed that
the odds of getting malaria infection increased among those having no education (43). After
multivariable adjustment, educational status was not a significant predictor of malaria infection,
which is evidenced by other studies (70, 104). This may be most likely due to the homogeneity

of the study population that involved majority of uneducated farmers.
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In villages around Lake Tana, northwest Ethiopia, spatial malaria heterogeneity was not
determined by fine-scale environmental factors, particularly water bodies close to HHs. This
finding is in agreement with findings of previous studies that stated malaria infection was not
associated with house proximity to a water body (55, 62, 153). However, other Several studies
contradicted this finding concluding that closeness to a water body increased malaria risk (18,
32, 44, 45, 71, 89, 106, 144-147). Other studies also reported lower odds of malaria infection in
HHs closer to reservoirs than those at greater distances (152). On the other hand, studies have
indicated a greater dependence of HHs malaria risk on local topographic wetness indices than
land uses and land covers (63). The contradiction in findings might be attributed to differences in
the use of LLINs or IRS, socioeconomic and environmental factors in study populations,
vulnerabilities or transmission dynamics, differential health services accessibility, imported
malaria cases, or variability of water bodies. In northwest Ethiopia, high number of seasonal
migrant workers from mid-lands and highlands travel to malarious lowlands due to the presence
of agricultural investments and high number of malaria cases were attributed to travel history
(46, 222). Thus, this may avoid the association of house proximity to a water body with malaria
infection occurrence. Individual exposures such as outdoor activities at night are common in the

study communities that may most likely influence the association (106).

In the multivariable matched adjustment, socio-demographic factors, HH wealth, housing
structure, travel history within the study area, and HH elevation were not associated with
malaria. This might be explained by similarity of socio-demographic status, housing structure,
HH wealth, elevation of HHs, and delivery of inadequate information on treatment-seeking, bed

net use, and other preventive measures by Gondar Zuriya District Health Office.

This study also evidenced that number of LLIN(s) in a HH and IRS did not associate
significantly with the occurrence of malaria infection. This finding is similar to that of studies
revealing that LLINSs ownership and use as well as indoor wall spraying did not show statistically
significant association with occurrence of malaria (32, 46, 62, 104, 143). However, other studies
reported a protective effect of LLINSs utilization and IRS on malaria occurrence (30-32, 48, 74-
77, 107). The difference may be attributed to failure to use LLINs properly and consistently,
insufficient number or poor condition of LLINS, or failure to use them during travel away from

home. As a result, the protective effect of LLINs could have been negated (191). Additionally,
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imported malaria, human activities at night outside the home, emergence of insecticide-resistant
vectors, misuse and improper mixing of insecticides, coagulation of Propoxur at pumps while
spraying, absence of on-time IRS application, faulty re-plastering/painting and spraying by
untrained individuals may have reduced the protective effect of IRS.

6.2. Relationship of locally acquired malaria and house proximity to water bodies
among under-five children
The findings of this study revealed that children aged 36-59 months had approximately four
times higher odds of malaria infection risk than children below 36 months. This finding is
corroborated by other studies (7, 30, 47, 48, 73-77). The possible reason children aged 36-59
months are at greater risk could be their frequency of/long exposure when playing with while
youths looking after cattle, sheep, and goats, and other outdoor activities in the early evening
(21, 78). The risk from these evening activities is compounded by the infrequent bathing and
laundering of the clothes of this age group because poor hygiene increases the presence of
mosquitoes (223). Studies revealed that early evening period (1800-2100 h) is the highest peak
biting activity time of An. arabiensis (the most widely distributed An. gambiae complex species
in Ethiopia) and 4n. pharoensis in the country (21, 54, 78) and having even higher outdoor biting
than indoor biting in this period (78). Another important reason for the higher odds of infection
for this age group may be the fact that they may not sleep with their mothers under one LLIN
and therefore may not receive adequate protection from the net. Normally, the pattern of child
care in Ethiopia is that younger children principally infants are given more priority and sleep
with their parents, whereas older children do not sleep under a net and can be bitten by
mosquitoes (7). Studies showed that children who shared a bed with their mothers were 21 times
more likely to be covered by bed nets compared to those who did not (224). Moreover, only 24%
and 25% of children aged 36-59 months’ HHs owned LLINs and used them regularly at night for
the 2 weeks prior to the survey compared with children below 36 months (76% and 75%),

respectively, in this study.

In this study, by restricting the age group to under-five children, house proximity to a water body
had not differential odds of local malaria infection. This finding is consistent with other studies
(55, 62, 153). However, other studies also reported higher odds of malaria, or lower infection

risk in HHs located near water bodies, or dependent on local topographic wetness indices instead
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of proximate land uses and land covers (18, 45, 63, 152). These inconsistent conclusions could
result from differences in a number of factors: variations in proper and consistent use of LLINs,
IRS coverage, habitat suitability for vector breeding, disappearance of environmental hotspots
due to decrease in malaria transmission, engagement in outdoor activities at night, imported
malaria leading to onward transmission, climatic conditions, study design, and endemicity.
Immediately after the main wet season, many houses are surrounded by stagnant water in
villages around Lake Tana. Concurrently, there is a mass return of young adults from agricultural
farms in the malarious lowlands (46, 49, 213). The co-existence of these two factors may

facilitate transmission through the imported cases in meso-endemic areas of northwest Ethiopia.

However, given how malaria spreads, it is biologically possible that people in HHs located near
to mosquito habitats have increased risk of infection (41). As the female leaves the breeding site
to find a human host, it is reasonable to assume that nearby individuals have high probabilities of
being targeted. Nevertheless, it is not necessarily house proximity to a water body per se that
matters; rather, house proximity might be considered a strong positive correlate of the likelihood
of being infected. For instance, evidence shows that malaria infection risk for individuals in a
given HH at a given distance to the breeding site was reduced if there were many other nearby
HHs close to the breeding site (32). Lastly, given that malaria transmission depends on several
area-specific characteristics, it might well be that a given variable is a significant risk factor in
one area though less important in another setting.

In the multivariable matched analysis, the socio-demographic factors; HH wealth; residential
housing structure; tethering of domestic animals at night; travel history within the study villages;
HH member’s travel to malarious lowlands; IRS; malaria information; and water body presence
within a 500m radius were not independent predictors of local malaria. This is most likely due to
the similarity of these factors as well as malaria-related behaviors and the provision of
insufficient malaria information on treatment-seeking, LLIN, and other preventive measures by
Gondar Zuriya District Health Office. For instance, around 98% of the houses had walls made of

mud, which is not sufficient to keep mosquitoes from entry.

This study showed that significant association was not observed between number of LLIN(S) in a
HH and local malaria occurrence. This finding is in line with previous studies, which did not

predict protection offered by LLINs (48). Studies also recognized that increasing LLIN coverage
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did not lower malaria parasitaemia (77, 143). Nonetheless, other studies ascertained that LLIN
use reduced malaria among under-five children (32, 77). Studies identified main attributes that
may undermine the efficiency of LLINSs: resistance of mosquitoes to pyrethroids, poor condition
of nets (79, 225), primary caregivers’ beliefs about causation and vulnerability, and obstacles in
translating knowledge into behavior (39, 226). Additional reasons in this study setting may be
use of LLINs for unintended purposes, heavy workload in rural communities, or low maternal
education. In the study setting, malaria cases were found in newly constructed houses that were

unsprayed due to marriage and resettlement and/or having no LLINs (227).

In Gondar Zuriya District, An. gambiae complex is dominant species, which includes the main
malaria vector in Ethiopia, An. arabiensis, followed by An. pharoensis. The An. gambiae
complex, presumably An. arabiensis, and An. pharoensis were reported as the predominant
species from villages around Lake Tana, northwest Ethiopia (20, 79), Butajira, a highland area in
south-central Ethiopia (19), Ziway area, central Ethiopia (44) and Gilgel Gibe hydroelectric dam,
southwest Ethiopia in the country (55). An altitude-based study in Ethiopia also identified 4n.
arabiensis, An. pharoensis, and An. funestus group as the most common species (18). A
systematic review on dominant malaria vectors in Africa indicated that An. arabiensis and An.
funestus are included among the seven dominant species in the region (17). In this study, A4n.
gambiae complex and An. pharoensis were found in villages <2000 masl, indicating high
distribution of local malaria among under-five children in these villages. Currently, malaria is not
a primary public health concern in the study villages due to the integrated interventions against
the identified vectors. The presence of the primary vectors may indicate the potential for the
occurrence of malaria outbreaks if IRS, the most exercised intervention measure in the study
villages, fails and due to the susceptibility of the communities. In addition, global warming,
which aids in the expansion of malaria vectors, may cause the neighboring highland population,

which is also susceptible, to be at greater risk of malaria (19).

This study revealed that anopheline breeding sockets were shallow stream edges and beds, small
water bodies and holes, puddles in hoof prints exposed to sunlight, slow flowing or stagnant
water with or without debris, and surface algae. These breeding types were reported from other
parts of Ethiopia (19, 228), eastern Sudan (229), and Eritrea (230). An. gambiae complex has

adapted to diverse habitats (18, 19). Absence of larvae at one site alongside streams in June
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could have resulted from heavy run-off, which swept them away. Heavy rainfall could also

destroy larvae directly (231).

6.3. Barriers of consistent LLINs utilization

In this study, the findings are organized into four themes: (1) perceived benefits and
shortcomings of LLINSs, (2) unintended and perceived collateral uses of LLINSs, (3) reasons that

influence consistent utilization of LLINSs, and (4) informants’ suggestions to increase LLIN use.

The findings of this study show that community members gave high marks not for malarial
protection benefits of bed nets, but for their collateral benefit of protecting against arthropods
such as houseflies, crawlers, fleas, bedbugs, cockroaches, and spiders in the first 3 months of
use. Similar information was reported from elsewhere in Ethiopia (36) and Uganda (165). Loss
of insecticidal effectiveness of LLINs after several months was mentioned as critical limitation
of LLINSs in this study. Such perceived limitation of LLINs was reported elsewhere in Ethiopia
(25, 36) and Kenya (178), where users were not aware of the chemical impregnation of nets and
reported them ineffective as physical barriers. However, a study conducted in Zanzibar, Tanzania
among caretakers of under-five children indicated LLINs had high self-efficacy (166).
Capitalizing the information about the currently distributed LLINS might be used to overcome
this misconception. Another important finding of this study was that informants noted LLINs
became quickly dirty, faded, wore out due to repeated washing, degraded because of poor
conditions of rural houses and mice infestation, and were no longer functional after 6 months.
Doda and colleagues (36) also reported non-functionality of LLINs after 6 months as mentioned
by informants and preferred to use for other purposes. A follow-up study by Solomon et al. (181)
reported that LLINs had a 12-month median functional survival time and that successive
laundering significantly increased feeding success and survival rates of An. gambiae complex
(232). However, WHO indicates the serviceable life span of LLINSs to be 3 years (175, 176). This
study also showed that users reported that exposure to the chemicals caused skin irritation was

also reported in several other studies (25, 171).

In this study, regardless of the study population characteristics, some key informants and most
community residents questioned the strength and size, including the mesh size of the current
LLINs. This might be explained by comparison of the current LLINs with ITNs. Other studies

also reported small net size, weak physical integrity, and big mesh size as shortcomings of
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LLINs (39, 140, 166). However, LLINs were highly credited for their strong texture, wide square

shape and large mesh size in other studies (140, 166).

The findings of this study evidenced that circular shaped nets were acknowledged preferably by
key informants and resident interviewees due to the compatibility to use at any sleeping space,
and easiness for rolling during day time and suspension at night, also reported by other studies
(36). Rectangular shaped nets were not favored due to the complexity of the installation
procedure, the need for a wide area and compatibility only with beds in mud houses.
Additionally, it was not credited even in mud-made wall houses since it makes the house
unaesthetic by damaging the walls during installation. These challenges and shortcomings of

rectangular nets were also reported by other studies (25, 36, 165).

The results of this study verified that the most common types of repurposed uses of nets were
connected to the prevailing local livelihood and socio-economic conditions. These uses peaked
during the harvest season in the study communities due to the service of the nets for various
activities. Other studies documented similar repurposed uses of nets (36, 172, 173). This study
explored that locals used LLINs for other purposes when they determined the nets had ceased to
serve their intended purposes due to old age, or loss of mosquito-killing capacity, as reported by
other studies (36, 169). It was reported and observed that repurposing of LLINSs is an increasing
phenomenon in the study communities. Similar studies elsewhere in Ethiopia and other parts of
Africa reported that local users engage in using nets for various repurposed uses (25, 26, 36, 169,
174, 178). Poverty might be the reason for locals to use LLINs for unintended purposes. Doda et
al. (36) and Short et al. (233) forwarded similar observations that underlying critical poverty was

a factor to use LLINSs for other uses.

In this study, both key informants and community interviewees mentioned misuse of nets.
Informants were openly regretful for their community while misusing nets, especially when new.
New LLINs were used for a wide range of purposes, similarly practiced among other
communities in Ethiopia and elsewhere in Africa (25, 36, 234). Perceiving malaria as having
been controlled and unable to hang nets in all sleeping spaces were cited as reasons for the
misuse of nets. Similar risk perceptions that led to misuse of nets were reported by other studies
(36).
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In this study, informants reported that the main collateral uses of LLINs were for killing and
warding off of arthropods, protection from hens, and protection from dust and debris, primarily
for infants. Such uses, particularly fighting bedbug infestation, motivated residents to use nets
consistently for the first few months. Similarly, Birhanu et al. (25), Strachan et al. (165) and
Doda et al. (36) reported that community residents obtained diverse collateral benefits from
LLINs beyond the prevention of malaria and the nuisance of mosquitoes. In this context,
promoting consistent LLINS use can be most effective if accompanied by interventions that can
eliminate bedbug infestation. WHO reported that bedbugs contribute indirectly to the
ineffectiveness of malaria interventions and recommended the use of insecticides such as
pyrethroids, diazinon, bendiocarb, and dichlorvos (235). However, bedbugs have already
developed resistance to these insecticides and studies recommended to consider other
disinfestation mechanisms (236). Capitalizing on equalizing this set of collateral benefits of

LLINs may contribute to increase their consistent utilization.

This study identified that inadequacy of nets in a HH, inequitable distribution, and absence of
on-time replacement were the first-line barriers of LLINs utilization. Such delivery and supply-
related constraints were reported by similar studies in Ethiopia (25) and Zanzibar (170). Infants
and pregnant women were reported category of population groups most likely to use LLINSs
consistently, was also observed in other studies (25, 36, 180). The benefits derived from
consistent use; especially by HHs with under-five children and pregnant women has paramount
importance. Nevertheless, LLINs were not distributed solely to these and other vulnerable

sections of the population.

Consistent utilization of LLINs by villagers around Lake Tana was to a great extent determined
by socio-demographic and socio-cultural characteristics, behavioral reasons and misconceptions,
weather conditions, health-related reasons, and livelihood and economic reasons directly or
indirectly. Equivalent characteristics and reasons were documented in other communities (25,
36-39, 165, 172, 237-240). The perceptions that malaria vectors cannot harm and malaria is no
longer a problem contributed to non-consistent net use, also mentioned by other studies (25, 36,
171). This study also scanned that quick dirtiness, aging, and damage of LLINs were stated to
led to stoppage of using LLINs, which is in line with findings of previous studies (25, 36). In

addition, failure of the current LLINS to protect against bedbug and flea infestations after a few
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months was a predominant barrier of consistent use of bed nets in the study communities. This
was also a serious problem cited by other studies elsewhere in Ethiopia (36), Uganda (165) and
Rwanda (174).

Another significant fining of this study was that residents’ insufficient information about LLINS,
malaria transmission, and malaria vectors resulted in misperceptions and negligence, which in
turn led to non-adherence to regular net use. Similar other studies also confirmed this analytical
associations (36, 38, 177, 182, 184). Berhanu et al. (25) and Doda et al. (36) similarly reported a
behavioral shift away from LLIN use due to perception of low malaria risk, saving of nets for
future use; lack of awareness and negligence accounted for non-consistent use of LLINSs.
Moreover, lack of clear information about the recommended 3 service years of LLINs was a
sound reason that constrained bed net use, which is consistent with other studies (25, 36, 178,
241). Finally, the perception that LLINs lose their insecticidal activity after repeated washing
was mentioned that hinder consistent use. These misconceptions were reported from other
communities in Ethiopia (25, 36), Ghana (242) and Kenya (178). A bio-efficacy study done in
south-central Ethiopia showed that LLINs were effective up to 24 months (181).

In the studied local communities, sleeping spaces without beds and incompatible bed structures
were associated with the failure to use nets consistently. Additionally, even small, thatched-roof
houses were observed and reported to be incompatible with use of rectangular-shaped nets.
Similar sleeping arrangement and housing structure problems were identified in various
communities by other studies (25, 165, 172). These sleeping arrangements are an indication of

poor socio-economic status of communities.

Informants in this study suggested promisingly consistent utilization of LLINS may be achieved
through universal coverage of targeted communities by conical nets instead of rectangular nets.
Distribution of conical nets was also suggested by other studies elsewhere in Ethiopia (183) and
Uganda (174). Besides, some key informants even proposed provision of portable nets that can
be used at any space like sleeping bags while sleeping outside the house or away from home.
Such self—supporting and sealed pop up nets could be employed both indoors and outdoors and
may possibly strategic and easier for older children and women to assemble and may also

prevent, for example, soldier ants and reptile infestation. Other studies also recommended the
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development of portable and user friendly nets that do not need external supporting structures
(39, 179). Another way to increase consistent use of mosquito nets, resolving technical

difficulties related to mounting and using a net may best be addressed at the manufacturer level.

6.4. Validity and Generalizability

Internal validity refers the extent to which the information collected accurately answers the
research question while external validity or generalizability refers the extent to which the
inferences drawn from a study can be generalized to a broader population beyond the study
population. The extent to which the findings are accurate and the degree to which the
conclusions derived can be generalized depend on the quality of data at all stages of the study,
the relevance of the study design and the proper selection of data analysis techniques (193).

Internal validity

Several various actions and mechanisms were employed to minimize information bias that may
result from systematic disparities in the process of measuring the study variables. Use of a pre-
tested, semi-structured questionnaire before data collection to evaluate the face validity and to
ensure whether the study participants understood what the data collectors were asking, involving
of direct observation measurement for variables that required, selection of controls within three
days, use of local language for clarity to collect data and use of well-trained data collectors were
the major actions taken to reduce information bias during measurement. Blinding of data
collectors about the malaria status of study participants were considered to overcome interviewer

bias.

Use of well-trained data collectors, use of holidays dates or non-working dates to trace malaria
diagnosis status or its symptoms in the prior one month of study participants, travel history to
malarious lowlands and travel away home within the study area in the prior one month, LLIN
utilization history in the prior two weeks and one month were the actions taken to reduce recall
bias during measurement. Regarding the entomological survey, larvae sampling, rearing, and
adult Anopheles mosquito species identification were also carried out using standard operating

procedures to overcome measurement errors.

Involving of proportional community interviewees from all kebeles, HH heads of both genders
and age categories, lactating women, local leaders, students, and health professionals, and use of
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probing questions and techniques were the major actions to get detail information on consistent
LLIN utilization.

External validity

The research protocols were strictly followed during this research project. An adequate sample
size estimated to detect exposure difference between cases and controls, and all malaria
suspected patients were included in the study. Both of these approaches may increase the study’s

generalizability to the source population.

Individual matching and frequency matching was used to eliminate the confounding effects of
sex and age. Stratified analyses were used to control confounding and report effect modification.
Besides, multivariable conditional logistic regression models were used to adjust confounding

effect. Therefore, the findings of this study are transferable to the local population.

6.5. Strengths and Limitations

Strengths

Matched case-control studies have minimal bias relative to cross-sectional and unmatched case-
control designs because they compare groups internally (58). The water bodies proximate to the
HHs were geo-referenced through direct ecological surveys to increase measurement accuracy
despite accessible satellite imagery. To avoid information bias, data collectors were blinded to
the malaria status of patients during field data collection at the HH level. All other measurements

of exposure variables were performed at home through interviews and direct observations.

Stratified analyses, multivariable matched analyses and malaria vectors identification allowed
exploring effect of house proximity to water bodies on local malaria, which has rarely been
considered in such studies. The non-significant association was validated by comparing groups
internally and after eliminating possible confounders.

Data was collected after validation of data collection tools. Matched case-control study design
sample size calculation methods were employed to take the required adequate sample size. The
questionnaire was pre-tested to evaluate the face validity and modified based on the local context
before data collection. Data collectors and supervisors were diploma holders and adequate

training on data collection and interview techniques was given before data collection.
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Phenomenological qualitative methodology, which is a best approach and method of inquiry
which helps to exhaustively describe, interpret, illuminate and qualify a phenomenon in everyday
human life experiences, was employed to explore the reasons that influence consistent utilization
of LLINSs. Besides, sufficient number of community interviewees from various backgrounds and
population groups, and key informants from concerned institutions were included. All the
reasons that led to non-consistent utilization of LLINSs, including accessibility and delivery issues
were addressed in detail. Textual, structural, and interpretive phenomenological analyses were
used to understand lived experience of the informants about non-consistent utilization of LLINSs.

Limitations

This study has some limitations. It is difficult to establish temporal relationships between
exposures and occurrence of malaria infection. Employing PCD to measure the effect of house
proximity to a water body on malaria occurrence was not efficient due to the presence of
asymptomatic and submicroscopic parasite carriers and the treatment of malaria by drug vendors,
private clinics, and health posts (243), which were not studied. Misclassification bias among
cases and controls due to microscopy can be introduced. The submicroscopic parasite carriage
influences negatively the risk factor analysis if the reservoirs occur in controls. Case and control
selection from health facilities can be prone to bias since patients usually do not represent the
general population. Recall bias could have been introduced during travel history measurement.
Residual confounders or unmeasured variables (e.g. vegetation, moist places near the HHs, water
pools in plastic or clay material, etc.) were not controlled but the effect on the finding is small.
Despite principal component 1 is the most commonly used for wealth index construction, it is a
limitation. Furthermore, due to the presence of political instability in the study area, this study
did not include the month of September, at the end of the main rainy season, when more
imported and locally acquired malaria cases occur in northwestern Ethiopia (105). Even though
this is a low transmission setting, travel history associated with malaria does not necessarily

identify imported cases.

The small sample size was the limitation while determining the effect of house proximity to a
water body on locally acquired malaria occurrence. Differences in care seeking and variation in
breeding suitability of the water bodies would influence the effect of house proximity to water
bodies on local malaria. The flight capacity of mosquitoes which is influenced by topography,
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settlement pattern, and environmental factors should be taken into account while interpreting the
results. The decision to exclude children who reportedly experienced malaria infection more than
once might also be a limitation. However, since repeat infections might be relapse episodes of
hypnozoites of P. vivax (244), exclusion was believed to be the best approach. On the other hand,
the larvae survey did not include all months of a year. For instance, the exclusion of September,
when various types of water bodies are created, may have reduced the number of malaria
vectors. Data were not obtained on pH, temperature, turbidity, and conductivity of water where
the larvae were collected and the vectorial capacity. FGDs and visual documentation through
obtrusive observation were not conducted to explore the reasons for non-consistent utilization of

LLINs, which may increase the richness and quality of the data.
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1. Conclusions

In this study, travel to malarious lowlands and inadequate malaria information determined the
occurrence of malaria infection in villages around Lake Tana. In addition, marital status and
educational status, apparently related to the predominance of unmarried young male students
travelling to the lowlands, are risk factors of malaria infection regardless of the potential
confounders. However, house proximity to a water body was not a predictor of malaria infection

occurrence in the study setting.

This study also identified that children aged 36-59 months were at increased odds of local
malaria infection in meso-endemic villages around Lake Tana. Nonetheless, water body presence
within 500m radius of a HH did not have differential odds of local malaria risk. On the other
hand, the malaria vectors, An. gambiae complex, An. pharoensis and An. funestus group were

identified in the study area.

The qualitative exploration found that wrongly perceived weaknesses of LLINS were common;
rectangular LLINs were rated inferior to conical nets; unintended uses were widespread,;
collateral benefits of nets were considered equivalently important; and net delivery-related,
socio-demographic, socio-cultural, behavioral, weather conditions, health-related, livelihood and

economic reasons, and misconceptions generally impeded consistent use of LLINS.

7.2. Recommendations

Malaria elimination programmers, malaria officers, and communities

Regarding travel to malarious Ethiopian lowlands, it must be highly recommended that travelers
should use both personal protective measures and chemoprophylaxis. Standby malaria self-
treatment can be an alternative intervention for travelers. Carefully selected and geographically
specific antimalarial drugs should be given to non-immune people travelling to high-risk areas.
Besides, SBCC reminding residents in these areas on the risk of malaria infection through travel
should be undertaken. Health authorities should improve diagnosis in health facilities in highland
areas by adding travel history to malaria case definitions. Hence, national malaria control and
elimination programmers and health authorities should design effective and integrated

interventions that consider imported malaria cases. Besides, it is highly recommended to design
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effective and integrated approaches, including IEC and SBCC to give adequate and universal

coverage in information by considering the educational status of the community.

The reduction of locally acquired malaria among under-five children requires increment of long-
acting insecticide spraying coverage and frequency mainly due to low use of LLINs among
children aged 36-59 months and reinforces the need to use repellents to keep children safe until
they sleep under bed nets. Malaria information should also be provided for primary caregivers to
equally manage children below 36 months and children aged 36-59 months while applying
LLINs utilization. Vector control interventions should be designed in accordance with malaria

vectors present in a locality.

Suggestions made by informants for increasing consistent LLIN use, including the provision of
nets that are structurally compatible with sleeping spaces and the delivery of adequate
information about malaria vectors and the properties and proper uses of LLINS to the community
indicate substantial accumulation of knowledge that may guide effective LLIN programs in the

study area.
Researchers

Community based prospective cohort study using Loop-mediated isothermal amplification is
needed to identify determinants of imported malaria and locally acquired malaria independently
in the meso-endemic villages of northwestern Ethiopia. In addition, further study is required on
the onward transmission dynamics of imported malaria in the midlands of northwest Ethiopia.
Forthcoming studies should use advanced molecular techniques for malaria diagnosis and buffer
zone for water body exposure to investigate the association of house proximity to a water body

with locally acquired malaria occurrence.

Identification of locally acquired malaria cases is a baseline for further studies, which should
answer prevalence of introduced and indigenous malaria among under-five children in meso-
endemic areas of Ethiopia. In the study area, advanced molecular techniques, including
polymerase chain reaction for identification of sibling anophelines also need to be conducted in
future studies. Malaria transmission potential through other anopheline mosquitoes identified in

the study areas should be subjects of further investigation.
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Moreover, the results of the qualitative study may provide baseline information for researchers to
consider FGDs, visual data, and published literature and other document reviews to explore the

reasons and challenges of consistent utilization of LLINs in detail.
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10. ANNEXES

Annex 1: Laboratory reagents, equipment and procedures for microscopic examination of

malaria (standard operating procedure)

Blood film preparation

1) Reagents and equipment:
Cleaned and wrapped slides, sterile lancets, vacutainer/5 or 10ml syringes, tourniquet,
sharps container, alcohol and water, absorbent cotton wool, slide box, micro-pore tape,
lint free clean cotton cloth, pencil

2) Preparation of blood films with finger-prick blood

1. With the patient’s hand, palm upwards, select the third or middle finger (the big
toe can be used for infants). The thumb should not be used. With a pledge of
cotton wool lightly soaked in alcohol, clean the finger, using firm strokes to
remove dirt and grease from the ball of the finger. With the clean cotton towel dry
the finger, using firm strokes to stimulate blood circulation.

2. With a sterile lancet puncture the ball of the finger using a quick rolling action.
By applying gentle pressure to the finger express the first drop of blood and wipe
it away with a dry piece of cotton wool. Dispose of the dirty lancet and cotton
wool in a sharps container. Make sure no strands of cotton remain on the finger to
contaminate blood.

3. Working quickly and holding a clean slide by the edges, collect the blood as
follows: apply gentle pressure to the finger and collect a single small drop of
blood (about 2 mm in diameter) on to the middle of the slide. This is for the thin
film. Apply further pressure to express more blood and collect two or three large
drops, about 2 mm in diameter, on to the slide about 1 cm from the drop intended
for the thick film. Wipe the remaining blood away from the finger with a piece of
cotton wool. Dispose the dirty cotton wool in a sharps container.

4. Thick film: When making a thick film always handle the slides by the edges or
by a corner. Using the corner of the spreader, quickly join the drops of blood and

spread them to make an even, thick film. The blood should not be excessively

122



stirred but can be spread in a circular or rectangular form with 3 to 6 movements.
The circular film should be about 1.2 cm in diameter.

5. Thin film: Using another clean slide as a “spreader”, touch the small drop with
the spreader and allow the blood to run along its edge. Firmly push the spreader
along the slide, keeping at an angle of 45 degrees. Make sure that the spreader is
in even contact with the surface of the slide at all times the blood is being
prepared.

6. Label the dry thin film with the soft lead pencil by writing across the thicker
portion of the film the patient number and date (dd/mm/yy). Do not use ball pen
for labeling the slide. Allow the thick film to dry in a flat, level position protected
from flies, dust and extreme heat.

7. Transport and store slides in appropriate boxes, avoiding direct contact between
slides. For long-term storage (several months), store in a dry area or in tight-
closed bags/boxes with desiccant.

3) Preparation of reagents for Giemsa staining
Preparation of Giemsa stain
Stain formula: Giemsa Powder (3.8g), Methanol (250ml), Glycerol (250ml), Glass beads
(50), large dark bottle

a. Preparation

1. An amber bottle is preferred but if one is not available use a chemically dry, clear,
hard glass or polyethylene bottle of suitable size. You will need about 50 solid
glass beads of about 5 mm in diameter.

2. Put the glass beads in the bottle, pour in the measured amount of methanol and
add the stain powder.

3. Tightly stopper the bottle. Allow the stain powder to sink slowly through the
methanol until it settles to the bottom. Shake the bottle with a circular motion for
2-3 minutes.

4. Add the measured amount of glycerol and repeat the shaking process. Continue to

shake for 2-3 minutes at half-hourly intervals at least six times.
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5. Leave the bottle unused for 2-3 days; shaking it 3-4 times each day until the stain
is thoroughly mixed. Keep a small amount of this stock solution in a small bottle
for routine use to avoid contamination of stock solution.

6. Each newly prepared batch of stain should be properly labeled, including date of
preparation, and should be tested for optimal dilution and staining time. Always
keep the bottle tightly stoppered, in a cool place, away from direct sunlight. Clear
glass stock bottles can be covered with a thick dark paper jacket to keep out the
light.

b. Giemsa staining reagents:

Giemsa stain, Methanol, Absorbent cotton wool, Test tubes (capacity 5ml), Buffered water (pH

7.2), Pasteur pipette, Curved plastic staining tray or plate, Slide-draining rack, Timing clock,
Rapid Method (suitable for individual slides)

1.

Allow the thick film to dry thoroughly; if really rapid results are required, drying may be
hastened by fanning or briefly exposing the slides to gentle heat such as from the
microscope lamp or hot air from a hair dryer. Care should be taken to avoid overheating;
otherwise the thick film will be heat-fixed.

Fix the thin film by dipping it a container of methanol for a few seconds. To permit
dehemoglobinization, the thick film should not be fixed; therefore avoid methanol or
methanol vapor touching the film.

Prepare 10% Giemsa solution in buffered water (pH 7.2); if a small quantity is being
used, 3 drops of stain to each milliliter or buffered water will give the correct
concentration of Giemsa solution. One slide requires about 3 mL of made-up stain.
Gently pour the stain on the slide; a pipette can be used for this purpose. Alternatively,
slides can be placed face down on a concave staining plate and the stain introduced
underneath the slide.

Stain for 5-10 minutes.

Gently flush the stain off the slide by adding drops of clean water. DO NOT tip off the
stain and wash, as this will leave a deposit of scum over the smear.

Place the slide in the rack, film side downwards, to drain and dry, making sure that the

film does not touch the slide rack.

c. Blood film reading
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Equipment: Microscope with x100 oil immersion objective, Tally counter, Immersion Oil
Thin film examination

Routine examination of thin film is not used as it gives a different parasite density to quantify on
the thick film

Thick film examination for Plasmodium species identification

Routine examination of a thick film is based on examination of 100 good fields. That is, a slide
can be pronounced negative only after no parasites have been found in 100 fields of the blood
film. If parasites are found, a further 100 fields should be examined before a final identification
of species is made. This ensures that there is little possibility of a mixed infection (more than one
species present in the blood film) being overlooked.

The technique for thick film examination is as follows:

1. Using the x40 objective, scan the film for any microfilariae that may be present. At the
same time, select a part of the film that is well stained, free of staining debris, and well
populated with white blood cells. If the film is well made or even thickness, this should
present no problems; poorer quality films may need to be quite extensively searched.

2. Place the immersion oil on the thick film.

3. Swivel the x100 oil immersion objective over the selected portion of the blood film

4. Confirm that the portion of the film selected is acceptable and continue to examine the
slide for 100 immersion fields. Move the blood film by one oil immersion field each
time, following the pattern described for the thin film.

5. Use a tally counter to count the fields as they are examined.

Thick film examination for parasite counts

ROUTINE malaria parasite counts are performed and are expressed as parasites seen per
microliter of blood (n/uL). For the preparation of quality control samples, accurate malaria
counts are crucial as the initial malaria parasite count of the blood is used to calculate and
prepare the blood dilutions.

Parasite count per 500 white cells

1. The number of parasites relative to the 500 first white cells is counted.
2. If more than 150 parasites are counted for the first 200 white cells, and then calculate

parasite count by 200 white cells instead.
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10.

11.

12.

Count all the species present and record separately the gametocytes of P.falciparum and
the asexual parasites.

White cell counts (number of leukocytes per pL of blood) will be determined by a
hematology analyzer and used in the parasite density calculation below:

(Number of counted parasites, divided by number of counted leukocytes) x (number of
leukocytes per pL of blood, determined by hematology analysis) = number of parasites
per uL of blood

Malaria smears will be read by two microscopists who are both blinded to the other
reader’s result; any discrepancies will also be resolved by a third microscopist. Ten
percent of all samples will be re-examined by a senior technician and discrepant (positive
versus negative) slides will be reread by a third technician until a consensus is reached.
The discrepancy between the two parasite counts will be calculated as follows:
(“Difference between the two counts”, divided by “mean of the two counts”) x 100.

If there is a discrepancy of 20% or less, then the mean of the two parasite counts will be
used for calculation and preparation of blood dilutions.

If the discrepancy is greater than 20%, then the blood films should be read again by the
two microscopists who should still be blinded.

If the discrepancy between the two repeated parasite counts is 20% or less, then the mean
of the two repeated parasite counts is used for calculation and preparation of blood
dilutions.

If the discrepancy between the two repeated parasite counts is again greater than 20%,

then the sample will NOT be used to prepare dilutions.

4) Results reporting

Results are always expressed as the stage/s of malaria parasite seen, the species seen, and the
number seen per microliter of blood.

Asexual (rings, trophozoites and schizonts) and sexual (gametocytes) are reported separately.

Example: Mixed infection (P. falciparum and P. vivax)

Asexual (rings) of P. falciparum, count= 10000/ puL
Sexual (gametocytes) of P. falciparum seen, count=1000/ pL
Asexual (rings, trophozoites and schizonts) of P. vivax, count=2000/ uL

Sexual (gametocytes) of P. vivax seen, count=1000/ pL
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Annex 2: English and Amharic version questionnaires

English version of the questionnaire

ADDIS ABABA UNIVERSITY
ETHIOPIAN INSTITUTE OF WATER RESOURCES
WATER AND PUBLIC HEALTH PROGRAM

Informed assent and consent forms

a) Consent/assent form

Ways of approaching and interviewing the caregiver/guardian or study participant in the data

collection process

1.

Selecting individuals who had malaria signs and symptoms from those visiting the health
center for treatment.
Then, after explaining the overall nature of the study, objectives, benefits and having no

risks, getting permission to take blood sample.

3. Then, confirming the individual as malaria positive with microscopy.

Then after, searching individuals who had no malaria parasites from those visiting the
health center for treatment.

Finally, the data collectors collected the respected data from case-HHs and control-HHs.
First of all, the data collectors should get permission to enter the compound (accidental
entry is strictly prohibited).

Ask whether the HH head is present or not.

After introducing yourself, explain the reasons why you go there and the required data
regarding the study participant. Elaborating all ideas is mandatory.

If the HH head is willing, please ask the study participant to put his/her signature on
consent/assent form before interviewing.

After completing the interview, say thanks and end it.

Good morning/afternoon

I would like to thank you for investing your precious time to make interview with me (for

individual in-depth interview and key informant interview).
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My name is . I am coming here for research and investigation for (PhD) data
collection on behalf of Ethiopian Institute of Water Resources (EIWR), Addis Ababa University
(AAU).

Title of the research: “Determinants of malaria transmission and bed net utilization among
households around Lake Tana, northwest Ethiopia”’

Principal Investigator: Asmamaw Malede Tarekegn
Supervisor:
Coordinating office: EIWR, AAU

Introduction: Malaria is still threatening the life of millions of people in the globe,

predominantly in SSA even though integrated intervention efforts have delivered. Evidence
showed that presence of water bodies in close proximity to houses, non-consistent use of bed

nets and other related drivers have hindered the efforts to eliminate malaria.

Purpose: The aim of this study is to investigate the contribution of house proximity to water
bodies, identify individual and household-level environmental and socio-demographic drivers of
imported and locally acquired malaria, identify malaria vectors and explore barriers for
consistent LLINs utilization in meso-endemic villages around Lake Tana, northwest
Ethiopia.This research is undertaken for partial fulfillment of Doctoral degree (PhD) in water and

public health.

Procedure and Participation: Individuals (> Smonths) who will visit the selected health centers
for treatment and having signs and symptoms suggestive of malaria will be invited to participate
in this study. Similarly, the corresponding potential controls (having no malaria) will be invited
to enroll in the study. If the study participant/caregiver is agreed to take part in the study, a
teaspoonful of blood sample will be drawn from the study participant (>5 months) for malaria
diagnosis using a finger prick method. After getting the malaria cases and controls, data on the
risk factors will be collected at their HHs. The time spent for the interview and/or direct
observation will no longer than 45 minutes. Moreover, data collection on proximate water

bodies/other LULCs will be carried out without involving the household head.

You (study participant or caregiver/guardian) do not have to be in this research if you do not
want to be. It is up to you. If you decide not to be in the research, it is okay and nothing changes.

Even if you say "yes" now, you can change your mind later and it is still okay. You will be
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invited to participate in this study since the trustful information that you will provide is important

for the understanding of the proposed research.

You (study participant or caregiver/guardian) will be asked to give your information related to
malaria (demographic, socioeconomic, human behavioral/belief, health system &intervention
data). Data collectors will also identify water bodies/LULCs within 500m radius of the house,
and record the respected geographic coordinates and altitudes using GPS device. In addition,
Anopheles mosquito larval surveying will be done at the selected potential breeding sites and
reared in the laboratory for species identification. Moreover, individual in-depth interviews
(local community members) and key informant interviews (students, local leaders, health
professionals, HEWs and District malaria prevention and control officers) will be carried out to
explore the reasons for non-consistent utilization of LLINs. The in-depth interview may last up
to 60 minutes. Each in-depth interview will be audio recorded to capture all the ideas of the
interviewee. Interviewees will be informed to talk louder to increase the quality of audio records.
Confidentiality/ls everybody going to know about this? Any information about you (study
participant or caregiver/guardian) will have a numeric code on it instead of your name.
Information about you that will be collected for the research will be put away and no-one but the
researcher and supervisors will be able to see it. The original data will be locked up with a lock
and key till the data analysis carried out. The use of data for any purpose other than that to which
participants consented is unethical. The data you will provide will not be disclosed in the way
that proving your personal characteristics and privacy. After the PhD dissertation defense and
approval by the EIWR Academic Commission as well as AAU Senate, original data will be
incinerated in secure manner. Before any larval sampling, verbal consent to access sampling sites
will be obtained from both kebele officials and local residents during local village meetings.
Audio records of in-depth interviews will not be available for third party.

Benefit/ls there anything good that happens?: This study does not give temporary financial,
health care and capacity building advantages for the study participants individually or in groups.
However, malaria cases/patients will be treated according to the national guideline and health
education was given to seek healthcare services early for the control of malaria, and on mode of
transmission and how to prevent future reoccurrence. For those patients who need extra

treatment, referral will be advised and the conditions will be fulfilled to get adequate treatment.
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During in-depth interviewing, malaria suspects were referred to health centers and treated

accordingly if applicable.

In the long run, the findings of this study may help the community to reduce Anopheles mosquito
bite, malaria and its clinical consequences. This may be accomplished through the incorporation
of recommendations by the national health system structure (from the FMOH to the closest
health structure to the community, health extension program). Moreover, civic organizations,
stakeholders, NGOs and UN agencies that are working on malaria prevention, control and
elimination in Ethiopia particularly in northwest Ethiopia will also take into account the findings
to redesign, direct, formulate and planned their strategy and approach. Most importantly, the
findings will be too vital in the era of malaria elimination to consider imported malaria/travel
history equally with locally acquired malaria and keeping on track in delivering malaria

information for communities.

Risk/ls this bad or dangerous? This study will not lead the study participant to any inhuman
treatment such as physical (physical discomfort, pain, injury, illness or disease), psychological
(anxiety, depression, guilt, shock and loss of self-esteem and altered behavior), social/economic
(embarrassment, loss of respect of others, labeling a subject in a way that will have negative
consequences, or in some way diminish those opportunities and powers a person has by virtue of
relationships with others) risks. Blood sample collectors will be medical laboratory professionals
who are highly qualified and experts in malaria diagnosis, including blood sample drawing. If
you face any physical discomfort, pain, injury, illness or disease at the time of finger pricking
(blood sample drawing) or later, however, | need to know and you should feel free you to call us

anytime with your concerns or questions.

Money, coercion, undue inducement and compensation: This study will not be engaged in
giving incentives, compulsion, and undue influence and result in any risks that require

compensation.

Communication of findings: This study is undoubtedly planned to circulate the findings to
policy-makers, health planners, stakeholders and participating communities. Specifically, the
findings will be delivered to Gondar Zuriya District Health Office, Central Gondar Zone health
department and Amhara National Regional State Health Bureau and Ethiopian Federal Ministry

of Health. Moreover, the findings will be distributed to various NGOs, UN agencies and civic
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organizations working on malaria. Totally, three research articles will also be published from this

study in scientific reputable journals.

Right to refuse or withdraw: The following information should be read to each study
participant/caregiver or guardian. Participation in this study is voluntary. If you do not want to be
in this research, no one will be angry or disappointed with you. It’s your choice. You can think
about it and tell us later if you change your mind. On the other hand, you can say "yes" now and

decline later on without any negative consequences to you.

Who to contact: You can ask me questions now or later. I have written a cell phone number and
address where you can reach us or, if you are nearby; you can come and see us. If you want to
talk to someone else that you know like your doctor or family friend, etc., that is okay too.). As
information, this study had got ethical approval by EIWR, Ethical Review Approval Committee
of AAU and the Ethical Review Committee of Wollo University. If you want any information

about this study, you can call or visit the following entities:

1. Institute:
a. Name: Ethiopian Institute of Water Resources, Addis Ababa University, Akaki
Campus

b. E-mail: water.resources@aau.edu.et | wateresources.edu@gmail.com

c. Website: http://www.eiwr.org

d. Tel:-+251-114-341698

e. Fax: +251-114-349417

f. P.O. Box: 150461, Addis Ababa, Ethiopia

2. Principal investigator:

a. Name: Asmamaw Malede Tarekegn (PhD fellow in water and public health)
b. Mob: +251 (0) 912689264

¢. E-mail:coolmaldinni@gmail.com, asmamawmaledel2@gmail.com

d. Skype: asmamaw.malede2

3. Supervisor:

a. Name:
b. Mob:
c. E-mail:
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d. Skype:

4. Data collector

a. Name:
b. Mob:
c. E-mail:
d. Skype:

Certificate of assent (for children <18 years)

| understand the research is about contribution of house proximity to water bodies and other
underlying drivers for malaria heterogeneity, malaria vectors and barriers of consistent bed net
utilization in meso-endemic villages around Lake Tana, northwest Ethiopia. | understand that |
will be inquired to give blood sample with a finger prick from a child. In addition, I will be

inquired to provide data on malaria related to the child.

All the information related to this study has been given in the language | understand. | have been
informed that all the information | shall provide to the interviewer will be kept confidential. |
also know that | have the right to withhold information, skip questions to answer or to withdraw
from the study any time | have acquainted nobody will impose me to explain the reason of
withdrawal. It is also enlighten there would have no effect at all in my health benefit or other
administrative effect that | get from all sectors. | have assured the right to ask information that is
not clear about the study before and/or during the study by contacting.

1. Institute:

a. Name: Ethiopian Institute of Water Resources, Addis Ababa University, Akaki Campus

b. E-mail: water.resources@aau.edu.et | wateresources.edu@gmail.com

c. Website: http://www.eiwr.org

d. Tel:- +251-114-341698

e. Fax: +251-114-349417

f. P.O.Box: 150461, Addis Ababa, Ethiopia

2. Principal investigator:
a. Name: Asmamaw Malede Tarekegn (PhD Fellow in water and public health)
b. Mob: +251 (0) 912689264

c. E-mail: coolmaldinni@gmail.com, asmamawmaledel2@gmail.com

132


mailto:water.resources@aau.edu.et/
mailto:wateresources.edu@gmail.com
http://www.eiwr.org/
tel:-
mailto:coolmaldinni@gmail.com
mailto:asmamawmalede12@gmail.com

d. Skype: asmamaw.malede?2

3. Supervisor:

a. Name:
b. Mob:

c. E-mail:
d. Skype:
4. Data collector
a. Name:
b. Mob:

c. E-mail:
d. Skype:

| have read this information (or had the information read to me). | have had my questions

answered and know that I can ask questions later if | have them.

| agree to take part in the research. OR

I do not wish to take part in the research and | have not signed the assent below.
(initialed by child/minor)

Only if child assents:

Print name of child:

Signature of child:

Date (day/month/year):

If unable to read and write:

A literate witness will sign (if possible, this person should be selected by the participant, not be a
parent, and should have no connection to the research team). Participants who are unable to
read and write should include their thumb print as well.

| have witnessed the accurate reading of the assent form to the child, and the individual has had
the opportunity to ask questions. | confirm that the individual has given consent freely.

Print name of witness (not a parent): AND Thumb print of participant

Signature of witness:

Date (day/month/year):
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| have accurately read or witnessed the accurate reading of the assent form to the potential
participant, and the individual has had the opportunity to ask questions. I confirm that the
individual has given assent freely.

Print name of data collector:

Signature of data collector:

Date (day/month/year):

Statement by the data collector

| have accurately read out the information sheet to the potential participant, and to the best of my
ability.

I confirm that the child was given an opportunity to ask questions about the study, and all

the questions asked by him/her have been answered correctly and to the best of my ability. |
confirm that the individual has not been coerced into giving consent, and the consent has been
given freely and voluntarily.

A copy of this assent form has been provided to the participant.

Print name of data collector:

Signature of data collector:

Date (day/month/year):

Copy provided to the participant (initialed by data collector/supervisor)
Parent/Guardian has signed an informed consent

) Yes

i) No (initialed by data collector/supervisor)

A. Questionnaire and checklist for objective I

a) Malaria diagnosis results of study participant (all age groups)

1. Malaria status of study participant (by considering/using signs and symptoms of malaria):
1. Having signs and symptoms 2. Having no signs and symptoms

2. Malaria status of study participant(by laboratory): 1. Microscopically positive (go to Q3)
2.Mircoscopically negative

3. If the individual has malaria, which one is the Plasmodium parasite? 1. Plasmodium
falciparum 2. Plasmodium vivax 3. Mixed infection (both of the two)

4. Date of malaria diagnosis (day/month/year):

5. Health center name:
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6
7. Age of study participant:
8.
9

Sex of study participant: 1. Male 2. Female

Matching code (case/control number with OPD name):
Kebele/village name: :

10. Name and signature of data collector: ,

b) Semi-structured interview guestions/direct observations_and geographic_data about

malaria (all age groups)

Matching code (case/control number with OPD name):

Kebele/village name: :

. Health center name:

1
2
3
4.
5
6

Date of data collection (day/month/year):

Name and signature of data collector: ,

Name and signature of supervisor: :

N.B: For study participants <18 years old, the interview will be undertaken with the HH head/caregiver.
**For study participants <18 years old, marital status, religion, occupation and educational
status of the caregiver/guardian/head of the HH will be taken.
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Part 1: Demographic and social characteristics

Q. No Questions Responses/units Coding/values Remark
101 What is your marital status? Married 0
(study participant OR caregiver/head of | Single 1
the HH)** Widowed 2
Divorced 3
102 What is your religion? Christian 0
(study participant OR caregiver/head of | Muslim 1
the HH)** Others/specify 99
103 What is your occupation? Farmer 0
(study participant OR caregiver/head of | Merchant 1
the HH)** Government 2
Daily laborer 3
Other/specify 99
104 What is your educational status? Unable to read and write 0 If the participant
(study participant OR caregiver/head of | Able to read and write-non formal 1 is >18 years old,
the HH)** Grade 1-6 completed 2 skip to Q106
Grade 7-12 completed 3
More than grade 12 completed 4
105 What is the schooling status of the child? | Too young 0
(For study participants <18 years old) Age to go but doesn't 1
Schooling 2
106 How many occupants live in the household? | Number
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Part Il1: Socioeconomic status indicators /wealth indicators

201

Household assets

Does your household has: (More than one response is possible)

Yes

o

Remark

Electricity?

A watch/clock?

A radio?

A cell phone/telephone?

A table?

A chair?

Sponge bed?

Spring bed?

Kerosene lamp/pressure lamp?

Solar?

Does any member of this household own:

€S

o

Bicycle?

Animal-drawn cart?

Motorcycle?

Car/lorry?

Bajaj?

R I Y L L

Does any member of this household own any agricultural land? Yes...1

z
e

o|o|o|o|o|o|z|o|o|o|o|o|o|o|o|o|o|=

How many (local units) of agricultural land do members of this HH own?

How many number of sleeping rooms in the house? |

How many of the following animals Write the answer
do this household own? Cows/bulls/oxen
IF NO 0°. Horses/donkeys/mule
IF MORE THAN ONE 95’ Sheep
IF DO NOT KNOW, 98’ Goats

Beehives

Chickens
Does any member of this HH own a bank/micro-finance account? | Yes...1  No...
What is the source of water for Public standpipe 0
the HH? More than one Protected well/spring 1
response is possible Unprotected well/spring 2

Others: pond, river, lake, dam, rain water 3
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Which type of toilet does the Pit latrine with cover slab 0
household has? Pit latrine without cover slab 1
Direct observation VIP latrine 2
No latrine facility/bush or field 99
What is the type of flooring material? | Earth or sand 0
Direct observation Dung 1
Cement 2
Other/specify 99

Part 111: Mass media exposure

301 Do you read newspapers at least once a week? Yes 1
No 0
302 Do you listen radio at least once a week? Yes 1
No 0

For study participants <18 years old, mass media exposure of the HH head will be taken.

Part IV: Housing characteristics

401 Does the study participant have a house? Yes 1 | If no, skip to Part
No 0 | V.
402 How many room(s) your house has/have? Direct observation Number
403 What are the building materials for roofing? Thatch 0
Direct observation Corrugated iron 1
Others/specify 99
404 What are the building materials for walls? Mud/Chiqga 0
Direct observation Cement 1
Others/specify 99
405 What are the building materials for floor? Earth or sand 0
Direct observation Local dung plastered 1
Cement 2
Others/specify 99
406 Is there a separate kitchen for food preparation? Yes 1
Direct observation No 0
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407 What is the nature of windows? No windows 0
Direct observation Open windows 1
Corrugated iron windows 2
Screened windows (mosquito screen) 3
Others/specify 99
408 Avre there open eaves (in the roof)? Yes 1
Direct observation No 0
409 Did livestock (goats, cow, oxen, sheep, donkey, horse, mule & chicken) stay Yes 1
sometimes/always at night inside the house in the last one month? No 0
410 How many houses were found within 50m radius of the house? Number
Part V: Travel history
501 | Did you travel away from home (outside the study area) in the prior one-month (study Yes 1 | If no, skip to
participant)? Such as sesame, cotton and sorghum farms Metema, Shehedi, Abderaf, Q507
Abrahajira, Humera, Maikadera No |0
502 | If yes for Q501, how many times you travelled? Number
503 | If yes for Q501, did you use LLINSs regularly during your away home time? Yes 1
No 0
504 | If yes for Q501, did you take malaria prophylaxis during your away home Yes 1
time? No 0
505 | If yes for Q501, where did you travel? District name? |
506 | If yes for Q501, why you travelled? (Reason)? To earn temporary job 0
More than one response is possible For social issues (Visiting friends, relatives, etc.) 1
Having farms there 2
Others/specify 99
507 | Did you travel away from home (inside the study area) in the prior Yes 1| If no, skip toQ509
one-month (study participant)? No 0
508 | If yes for Q507, did you use a LLIN regularly during your away Yes 1
home time? No 0
509 | Is there any other HH member who travelled to malaria endemic areas (outside the Yes |1 If no, skip to Part VI
study area)? (Metemma, Humera, Dansha, Sanja, Quara, Abederafi, Abrahajira) No |0
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510 | If yes for Q509, why travelled? (Reason)? To earn temporary job 0
More than one response is possible For social issues (Visiting friends, relatives, etc.) 1
Having farms there 2
Others/specify 99
Part VI: Human behavior, beliefs and malaria information
601 Did you (study participant) active outside the home (playing, working, Yes 1
journey, etc.) at 6PM-12PM in the last one month? No 0
602 Did you (study participant) go to a health facility the last time you encountered Yes |1 If no, skip toQ604
malaria signs and symptoms?(For malaria cases, excluding the current presentation) | No |0
603 If yes for Q602 and got malaria, did you complete the full dosage based on | Yes 1
the prescription? No 0
604 Do you (study participant) have the habit of visiting traditional healers Yes 1
(spiritual, herbal remedy, etc.) for malaria treatment? No 0
605 Do you (study participant) often practice home management of malaria (HMM) or self-treatment? Yes |1
(use of anti-malarial drugs bought from local market or pharmacy or herbal remedies) No |0
606 Do HEWSs provide overall information about malaria for the study Yes 1
subject/caregiver? Through home to home or campaigns No 0
Part VII: LLINs ownership and use, and indoor residual spraying
701 Do you have an LLIN (s) in the house? Observational verification | Yes 1 If no, skip to717
No 0
702 If yes for Q701, do you have only one LLIN in the house? Yes 1
Observational verification No 0
703 If no for Q702, do you have two or more LLINSs in the house? Yes 1
Observational verification No 0
704 If yes for Q701, How many LLINs do you have in the house? Observational verification Number
705 If yes for Q701, did you sleep under a LLIN last night?(study participant) hanged or not | Yes 1
No 0
706 If yes for Q701, did you sleep under a LLIN at night regularly for | Yes 1
the last one month? (study participant) No 0
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707 If yes for Q701, did you sleep alone under a LLIN last night? Yes 1
No 0
708 If no for Q707, did you sleep in two per a LLIN last night? Yes 1
No 0

709 If no for Q707, how many individuals slept per LLIN last night? | Number
710 Did all family members sleep under LLIN last night? Yes 1
No 0
711 Who in the HH did not sleep under LLIN last Pregnant women (optional) 0
night? Women of reproductive age (15-49) 1
More than one response is possible Children <5 years 2
Children (5-14 years) 3
Men ages (15-49) and adults >49 4
712 Who in the HH sleeps sometimes without Pregnant women (optional) 0
LLIN? Women of reproductive age (15-49) 1
More than one response is possible Children <5 years 2
Children (5-14 years) 3
Men ages (15-49) and adults >49 4
713 If yes for Q701, Does/Do the ITN/LLIN(S) has/have hole/tear(s)? | Yes 1
Condition of bed nets? Direct observation No 0

714 How long ago did your household obtain the mosquito net? In months

715 Does/Do the LLIN(S) properly hanged up? Yes 1
No 0
716 Is/are LLIN(S) in good condition? Direct observation (no holes/tears, not aged (in Yes 1
the active life span), and properly hanged up) No 0
717 At any time in the past 12 months, has anyone sprayed the interior | Yes 1
walls of your dwelling against mosquitoes? No 0
718 At any time in the past 12 months, have the walls in your dwelling | Yes 1
been plastered or painted after IRS? No 0

Part VIII: Environmental survey of water bodies, land uses/land covers presented within 500m radius of the house
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N.B: Record the following measurements if water bodies present within 500m of the house. If land uses/land covers present, put this

symbol [\] on the space provided and if not, put this one [X] (water bodies/LULC classes will be recorded for each HH)

Codes Measurements
Latitude(dd) (Northing) Longitude(dd) (Easting) | Elevation (m)

HH

801. River/lake**

802. Stagnant water/reservoir**

803. Irrigation channels**

804. Barren land

Codes Space for marking [X] or [V]

805. Vegetation/forest

806. Brick making

807. Trees

808. Bushes

809. Temporary water containers/roads

Keys:
**River/lake = presence of river or lake

**Stagnant water/reservoir= stagnant water for irrigation, natural pond, dam, artificially developed reservoir, swamps
**Irrigation, trees, bushes

Barren land = non-cultivating land, grazing land, land left to retain its fertility, rocks

Vegetation = natural forest or closed forest

Brick making = large mud pits, house construction

Temporary water containers= plastic bottles, tires, cisterns, pots, broken clays, barrels, discarded tins

Roads = Asphalt, small roads used for animals and people, road under construction, etc.
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B. Questionnaire for objective Il

a) Malaria diagnosis results of a child (under-five children)

1. Malaria status of a child (by considering/using signs and symptoms of malaria): 1.
Having signs and symptoms 2. Having no signs and symptoms

2. Malaria status of a child (by laboratory): 1. Microscopically positive (go to Q3) 2.
Microscopically negative

3. If a child has malaria, which one is the Plasmodium parasite? 1. Plasmodium

falciparum 2. Plasmodium vivax 3. Mixed infection (both of the two)
4. Date of malaria diagnosis (day/month/year):
5. Health center name:
6. Sex ofachild: 1. Boy 2. Girl
7. Age of achild:
8. Matching code (case/control number):
9. Kebele/village name: :

10. Name and signature of data collector: ,

b) Semi-structured interview gquestions/direct observations (under-five children)

Matching code (case/control number):

Kebele/village name: ,

Health center name:

Date of data collection (day/month/year):

Name and signature of data collector: :

Name and signature of supervisor: :
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N.B: The interview will be undertaken with the HH head/caregiver.

Part I: Demographic and social characteristics

Q.No | Questions Responses/units Coding/values | Remark
101 What is your marital status? Married 0
(caregiver/head of the HH) Single 1
Widowed 2
Divorced 3
102 What is your religion? Christian 0
(caregiver/head of the HH) Muslim 1
Others/specify 99
103 What is your occupation? Farmer 0
(caregiver/head of the HH) Merchant 1
Government 2
Daily laborer 3
Other/specify 99
104 What is your educational status? Unable to read and write 0
(caregiver/head of the HH) Able to read and write-non formal 1
Grade 1-6 completed 2
Grade 7-12 completed 3
More than grade 12 completed 4
105 What is the educational status of the mother? |
106 How many occupants live in the household? | Number
107 How many under 18 children live in the household? | Number
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Part Il1: Socioeconomic status indicators /wealth indicators

201

Household assets

Does your household has: (More than one response is possible)

€S

o

Remark

Electricity?

A watch/clock?

A radio?

A cell phone/telephone?

A table?

A chair?

Sponge bed?

Spring bed?

Kerosene lamp/pressure lamp?

Solar?

Does any member of this household own:

o

Bicycle?

Animal-drawn cart?

Motorcycle?

Car/lorry?

Bajaj?

O0O|0O|0|0O|Z|0|0|0O|0O|0O|0O|0O|0O|O|O|Z

Does any member of this household own any agricultural land? Yes..

N e e e e P R I L L L

No...

How many (local units) of agricultural land do members of this HH own?

How many number of sleeping rooms in the house? |

How many of the following animals Write the answer
do this household own? Cows/bulls/oxen
IF NO 0°. Horses/donkeys/mule
IF MORE THAN ONE ‘95’ Sheep
IF DO NOT KNOW, 98’ Goats

Beehives

Chickens
Does any member of this HH own a bank/micro-finance account? | Yes...1  No...
What is the source of water for Public standpipe 0
the HH? More than one Protected well/spring 1
response is possible Unprotected well/spring 2

Others: pond, river, lake, dam, rain water 3
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Which type of toilet does the Pit latrine with cover slab 0
household has? Pit latrine without cover slab 1
Direct observation VIP latrine 2
No latrine facility/bush or field 99
What is the type of flooring material? | Earth or sand 0
Direct observation Dung 1
Cement 2
Other/specify 99
Part 111: Mass media exposure
301 Do you read newspapers at least once a week? Yes 1
No 0
302 Do you listen radio at least once a week? Yes 1
No 0

Mass media exposure of the HH head should be taken

Part IV: Housing characteristics

401 Does the family have a house? Yes 1 | If no, skip to Part
No 0 |V.
402 How many room(s) your house has/have? Direct observation Number
403 What are the building materials for roofing? Thatch 0
Direct observation Corrugated iron 1
Others/specify 99
404 What are the building materials for walls? Mud/Chiqga 0
Direct observation Cement 1
Others/specify 99
405 What are the building materials for floor? Earth or sand 0
Direct observation Local dung plastered 1
Cement 2
Others/specify 99
406 Is there a separate kitchen for food preparation? Yes 1
Direct observation No 0
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407 What is the nature of windows? No windows 0
Direct observation Open windows 1
Corrugated iron windows 2
Screened windows (mosquito screen) 3
Others/specify 99
408 Avre there open eaves (in the roof)? Yes 1
Direct observation No 0
409 Did livestock (goats, cow, oxen, sheep, donkey, horse, mule & chicken) stay Yes 1
sometimes/always at night inside the house in the last one month? No 0
410 How many houses were found within 50m radius of the house? Number
Part V: Travel history in the locality
501 | Did the child travel away from home (local travel) in the Yes 1 | If no, skip to Q503
prior one month? No 0
502 If yes for Q501, did the child sleep a LLIN regularly during | Yes 1
your away home time? No 0
503 Is there any other HH member who travelled to malaria endemic areas (outside the Yes 1 If no, skip to
study area)? (Metemma, Humera, Dansha, Sanja, Quara, Abederafi, Abrahajira) No 0 Part VI
504 | If yes for Q503, why travelled? (Reason)? To earn temporary job 0
More than one response is possible For social issues (Visiting friends, relatives, etc.) 1
Having farms there 2
Others/specify 99
Part VI: Human behavior, beliefs and malaria information
601 Did the child active outside the home (playing, working, journey, etc.) at Yes 1
6PM-12PM in the last one month? No 0
602 Did the child go to a health facility the last time you encountered malaria signs and Yes |1 If no, skip to Q604
symptoms? (For malaria cases, excluding the current presentation) No |0
603 If yes for Q602 and got malaria, did the child complete the full dosage Yes 1
based on the prescription? No 0
604 Do you (caregiver) have the habit of visiting traditional healers (spiritual, | Yes 1
herbal remedy, etc.) for malaria treatment? No 0
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605 Do you (caregiver) often practice home management of malaria (HMM) or self-treatment? (use of Yes |1
anti-malarial drugs bought from local market or pharmacy or herbal remedies) No |0
606 Do HEWs provide overall information about malaria for the study Yes 1
subject/caregiver? Through home to home or campaigns No 0
Part VII: Parents’/caregivers’ awareness level about malaria
701 Does Anopheles mosquito transmit malaria? Yes 1
No 0
702 Does LLIN utilization prevent malaria? Yes 1
No 0
Part VII1: Prevention and control measures of malaria vectors
801 Do you have an LLIN (s) in the house? Observational verification | Yes 1 If no, skip to Q815
No 0
802 If yes for Q801, do you have only one LLIN in the house? Yes 1 If yes, skip to Q805
Observational verification No 0
803 If no for Q802, do you have two or more LLINSs in the house? Yes 1
Observational verification No 0
804 If yes for Q801, How many LLINs do you have in the house? Observational verification | Number
805 If yes for Q801, did the child sleep under a LLIN last night? Yes 1
Is it properly hanged or not? No 0
806 If yes for Q801, did the child regularly sleep under LLIN in the Yes 1
last two weeks? No 0
807 If yes for Q801, did the child sleep alone under a LLIN last night? | Yes 1
No 0
808 Yes 1
If no for Q807, did the child sleep in two per a LLIN last night? No 0
809 If no for Q807, how many of you slept per LLIN last night? | Number
810 If yes for Q801, Does/Do the LLIN(s) has/have hole/tear(s)? Yes 1
Condition of bed nets? Direct observation No 0
811 How long ago did your household obtain the mosquito net? In months
812 Does/Do the LLIN(s) properly hanged up? Yes 1
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| No 0
813 How many times you washed the LLIN(S) since you obtained? | Number
814 Is/are LLIN(S) in good condition? Direct observation (no holes/tears, not aged (in | Yes 1
the active life span), properly hanged up and frequently washed) No 0
815 At any time in the past 12 months, has anyone sprayed the interior | Yes 1 If no, skip to Q817
walls of your dwelling against mosquitoes? No 0
816 At any time in the past 12 months, have the walls in your dwelling | Yes 1
been plastered or painted after IRS? No 0
817 Does the household use other mosquito protections (mosquito coils, homemade Yes 1
insecticides, grass or wood fumes) No 0
818 Did the child take drugs that are believed to be effective against malaria (pant Yes 1
remedies, paracetamol, etc.) in the last two weeks? No 0

C. Interview guide for objective 111

a) Interview guide for consistent utilization of LLINSs (Individual in-depth interviews): local community members

1. What are the conditions/obstacles for not using LLINS? Probe it
2. Where is/are the LLINSs you have taken?
3. What are the reasons for non-consistent utilization of LLINS? Probe it
4. Which household members do not use LLINSs consistent?
i.  Pregnant women, what are the reasons?
ii.  Under-five children, what are the reasons?
iii.  Child bearing age (15-49 years), what are the reasons?
iv.  Children 5-14 years old, what are the reasons?
v. Males, 15-49 years and above, what are the reasons?
5. Where the household members sleep (sleeping spaces)?

6. When is the sleeping time for the household members (under a LLIN)?
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7. What you suggest to increase proper and consistent utilization of LLINs? Probe it
8. What are the favorable characteristics of LLINSs (strengths)?

9. What are the unfavorable characteristics of LLINSs (limitations/shortcomings)?
10. At the end, you can add points/ideas that have not been addressed yet.

b) Interview guide for consistent utilization of LLINs (key informant interviews): students, local leaders, health

professionals, HEWSs and District malaria prevention and control officers

What are the conditions/obstacles that made the local community not to use LLINS? Probe it

What reasons made the local community not to use LLINs consistently? Probe it

What are the unintended uses of LLINs by the local community? Probe it

What you suggest to increase proper and consistent utilization of LLINSs in the local community? Probe it

What are the favorable characteristics of LLINSs (strengths) with respect to manufacturing and compatibility?

What are the unfavorable characteristics of LLINS (limitations/shortcomings) with respect to manufacturing and compatibility?

N o gk~ w npoe

At the end, you can add points/ideas that have not been addressed yet?
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AMHARIC VERSION OF THE QUESTIONNAIRE
A8N ANN RLACA L

PATEEP OY YNF A INLTRT

Mm.Y5 hNLtHNN MmS NEAAL

U. ADS+ +AFLPT P Am oo/

v a8 (NAND- A F71N0LFD PRI PANSL NAFTF

10. AURYRT ME M& MNP PAPM. AT PN NAZF TRANTT PAF/ATT APT aDgosm::

11. NHP9® NAMG+ GAMINGIRF AT 9PI9° 9Ryt +PPH F90+ ATLMPaRMm hhZSY
NIAIPAIATY Ok £ SE 99T

12. $mA9® NMLACANT MN NASF AOURT 9927

13. NH.P9® ML MG MNP AUNGRG haom. APF hdN 18 PLPY/1F AM- DL A

14, NAogReATR a8 ANANG- PN NAF N+770/0F P71 ha+770/NF et +A+4 N+
NS ¢/ EANANA: GREMRLP ME N ATRIINT 4L 7T+ AANT (Hie
)Nt ARLPEIP) i

15. PNk ANDE/ATIME RPGY/MPLPY MLP

16. AGNUT/AYT  ANERNDL/ATOZ.  NAHPDA  NJA AR RI2APMUT 9oy an/B
RIRTPFHE AT ADTER +AFE PTANMET A28 NLIN ANZS=UATTR YANT NSt
98,53 -

17. PNk ANDL/ATIDE §2RF NUR PACRMPRT NANYLU Nt PhIRIRYT aoZimy
ANE.CI::

18. A MY NhenCh ATLERZNA NARGIC NMT AARNTY +APL:

A1RIRY AL BT U/PATU:-

1 ADHUMA AL JC Hé ATRITTE NAR@ATU/A AADTU/AADSAL:(ADAP-AP ML P
MmMmLPT)

nam,

2NAA=PMUT hh&N ANN RLACAT

PAFECEP @Y YNT AINEFERT N@YT ANLHAN MS eAN+E £9¢ +m¢ PRI AT

AN ALY DNR 1D,
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PRGECON: NN MT AP NTTTF P+DAF $NAPT AANNNLE PN NAF ACEHT
PO-YTY ANAFIPANNNPRITAAN® AT N+ANP JPALPFT PAT@T +60F ATIMGHG
A@APTT NANNNM NN4T +ALE+@ PATTFTY PDN F75% NFE HCPPT ATRAPTT AGTR
T@UNLAN PhAI AINCY HOTC AT8LMPIR P LLCTHFT TONTLFFATRAPT JM-::

v\ PMGH D49/ OO (9P R ANTRTRM- FYAL, /T

v RNFNNG NC:- PATERP @Y YNT ATNETRTIASN ANN RLACAL
a9, p: PmN NAFT ATIDE&F Nt P+$T8 aPhARP @372+ NAMIINAFG: AT
N+ALI® NAYS NCY NTUTT Y74+ PNH APTY ULDT ALJ AL APMAMD- R75A: P-4y
ANAT NUNZHANT aORLP NSO Cht TTHIPAAI AINCYT HDTC AATPMSIR AT AT
+LOH FPNLeFT NAFDT ATINET NLLIM: FNG P17 MPATHA CRUTFOT mTHF
PARAR F A
PRTEGAM: NNTRT MG ALP NITF DA $NAPT ARNNNLE PON NAF NCewT
Pm-Ymm ANAT PANNNPRT 9IAANR AT N+ANE FPALLHTF PATDT +60F ATRAPT
1:NFRTILTD NANNNED NNET +ALER+D PRI TEY PN F1% NFE HOPPT ATRART
AT TUNZAM PAAJ AINCT HDFC AT8LMPIR PR PLLHTT FPRTLHT ACRALT 1D MG+
PMNLL® A3T £914 (BhTeTt) NEYT NUNLHAN MT AGRARZ$P A UG MGF a9aq P j-::
PGk ANYLE AT +ATE: DG+ PAANYLD N$IRF AAN A% ALY 0L PFM AJPNT

@4 NP NAR PUTF@ APF NMmG+ Ehtda:zdN NAF PANFDS PAANTFE APT
NPAPMLE NLT PINGFD PHIAGRTT BLE £19844: PUTR NANN/IAANT NPT+
AA+E £ LT NPITATLS PAL MNP PARLY £9° LDABA: NH LI ARZE ANAND- NNTP
NENPNNTAN JC ATLRLID SATCMES/$md goANF N45 24P PNAM ARMALE:
ADG+E PACAP +ATE PALPNLATID: PAUAM-F dBZE FM937F NAADS me+T ACT
ATIMTPP NMT® ANLAT DALY 10 PIPMBEPHID NAL AP L PP TTUNL P A NG PPT
ANHYIAITE PADT $CNFT NNE @repe O+LLTT FHE PAMT NUL AT ATRTHT AMG +E9P
LAY $CNTIP@N +7% aPhARP AINC AT 84-17 ALt Conty P+aeAR+ TFm-:
$m JPANFT® 17 A1 ANC 2NY8A: NNk N500 TFC CF PALTH AMPAL ANNNPP
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UiFPTFoR LaOHINA: N+TLI° NANANE NTYTF N+HIR/M- @Y AhAT P@n 77
AT +ONLM NANGHL P&IN: PRAJ AINCT HOFC AAGRMPI® JNTLPTT ATRALT
L2990 e+mAR FANNTT hANNNE TBUNZANE hdN NAZF PhANAT RPDC YALPTFINMST
MNP PMG NAT=PPFINMS AANETAY NATPPFINGNA/NIMD ATRLCT AT N+TILPT IC
PPAP-PMEP AMLST Lhdud: PA-PMEE ANN 60 Lo ADNE LFAA: PHAP-AOMELS
RPY8TL. YA NATRFNLAT #28 Bhhds UATIR MRANT Nt ATINLC NATLNNE
APLRM Mt geh NAD- AT8.574 LBLIA:

MAPELRIHPAMT LN L3N PMLH ALY ATIITR ACFAAR ALADIP: hHU
N+enTEI° NARLEMm- IC PACAP NT° AL LPHI: NAHUTR a8 ANAND- PO MPIR@- N
1OPAMT dDZE9R +SAL NADLE dDPHyM- PAReaMmM:: NAUIIR NG+ +aos.aq4q
nNaRZE ANANPTF +&MMe -6 IT° APTTM-I™: :PMG+ +ADLAYLGD  ADLEM-T
N ATD AATY M6 AL MPIRNFIR: MG+ hAP NIAT +ODLTHLM-GR N+aDLd NIA ODLE
P+HIPANT MEP NRIPE LPMAA: PHAP-APMELP MMELST dF/R LIPgID
N+a0 LM @6t AAA ANA TAALD- RRAM-9® =

DPI°: DGk AAC LH PP PIIHNT PMT AT PAPID INF £ JI& APRLCAITD: dN NA S
ATTINF@ PN YR NAIC A$é POREULT AAMM PAZT RFhagir: yaoao
AMTNZNF®- +AA UNTRPT AT18.P1TF UidPF RODFFAL ALLCTS ANLALD Ui
PAFFA: e+ NAP NIA 97 PG+ Mt ATLMANFFE- AP NFFIAMT 7AN
ACPLEPTIAMS APL AD-6PFI ANALCA ANATT AR TUNLF AT ATAPE AATIP4P AT
3N FP AAPF SCEPT AATLPIATA ®NT AGPhANA AT ATIMéT FAU PUT ANTPR
AAD-::

F8E:MGTHR FPITR ALY ANART NIANGRIMYNLP AGT ANPTRPP 8% APAN+ATE: PLPY
FIC NIMAP NMRITD-9° AhT AL ANAND-T T9707C B FAA:

DPM HPIog MhhA: Do+ IR ARYT R8T AATPANTA AT ARLI NATILIAM

aYFMYIC ALTF MPaY MEID AF a9NNA AL/ M-9D::
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P9t @Mt ACT: PhTE +RLMS PG+ @Mt PMNLMT AT ANdRYRYIR

ATTRC e P 28 MG KINFIANTRT 1180 HY MG ARgRLP &/NGT AATIZS RAA MG N.CE
AMS 7AN ACPLPT AT NMST AL ATNG AFINFP AAUPF SCEST PARNMT YALTF
AANT: NHEOLTILTR PG+ O-MAT 0035 NATFD- ARTAP AOFYSF g

DEhY PRI JRTE:ME APT PAMEE NANALNT 1H 2A+E NAPR doZE

aAM+T NTRIFEI° UH HRLD LFAN: A LPRCHI® IOI9° 3 05F +60F AR LCANTIR::
/8 o547y N+aAN+: O/ Ase@ +hTZ L8 TR NLAT NRITD-9° 1H,

mMPe LFAA: AHUID PG+ +0PLa9/ MRIR PAD/E ANANPT +&MMLPTFT a3197C
£FAN: NHU NI MG+ P PNTaIm- A8A ANN RLACAL PATESP @Y Y%
RINTERT NAME- .2 NATITR AOMPS BT AN

v R8N ANN RIACAL PATERP MY YNF ATNT+HRT: 01114341698

V' PMGH D49/ O AGRG R E4AAT ANTITIM- TIAL: 0912689264

v PaE ANANPT +&MME A NIPG A LA

A.PAIeIRTF aDoAch, $é

PG+ CON:- NNTRT MG AP NTYTT P+DAF $NAPT ARNNNLP PN NAF NCeT PO-Y
TMANAT T PANNNLRT AANNR AT N+ANP TRALEFT PATFDT +80F ATIMDTHT AARAPF:
NANNN@ NA&F +A%ent+d PATTEEYT PN 75 NFE HCPPT ATRAPTT ATIR aYNZANT
PAAI AINCT HOFC ATSLMPTR P LLCTHTT TN TLPT ATPAPT f0-:

AL MG+ A3T 897 (RhT4T) e ATLUYT NASN ANN RLACAL NATEEP ™Y YNF
RINTERT PTTHN £0& +LCIAT PAANYE AT AT ANTITIM- FYAL PG+ +aD T/ ATELPY
AD-PAU: PG+ AT NTQINT 7% P+7A0AT AT AATI®-9° NATRT MT ALSP NTIF
PHOAR PNAPT ARNNNLE PN NAF NCeF PMYTY ANAT IPANNNPPRT 9IANNR AT
NHANP JoRLPFT PAFAT +HOF ATPAPT 10r: NI NANNNA NAGT +AL-Erertar
PRI TAY PN T3 NFE HCPPT ATRAPE AT TRUNZAM PAAI AINCT HDFC AT8LM$TD
PALLCHTT FPNTLPT AGRPART j@-: AL PIPAMM YANTR NDTPR ATLM PHT AAA AD-
TAAL ATLTMRAM 1A MTHIR gRYIR ALYF R8T ATLARPLCAT TRIIR PheeC 1t

154



mPgRge Py hNA ATLMLAMT AD-BAU: NHU N+Z49° PIPAMMD- aRZE9° NML8R
PRI mPIR AVLMLPINNT +19CFA: NAMGT+H PAINTY 17C aoZEm- hARANAN:
N&FI® P71 NAA TH NHU NFT P+MerTT A8 4A NABM$ID MMPE AT1LIOTA +19CF A

1. A&N ANN RLACA L PATER P @Y YNF AN+ RF: +251 1114341698

2. PHGH +ORLARL O AGRG A E4A: ANTRTIA- YA L: +251 912689264

3. Pan/8 ANANPTF +&Mme N9e:

NAR €MCT A&

NHU NAL PAGRT 8 ATNNPAL MLID NRINT £FE +I1NA% PIPMPPM-T MPE ATRADAN
&PLE P NI FAU:: ADAARAG4T9D N4,CARQ Al ITMAU::
GPLT 1

&PLT hLLALI

&CTM

PFHA@- TP (/8 ANANIARLE +@MMLIAA 35 )

&CTM

+%

1. P®GT AAT A7 LT N+Ah+ PHHIE Ao ML P
U. P25+%k +NFL (AT POL M hAA) PN N °CO°L M TF

1. Ppe+  +AF  P@N NAF Ui (PN NAF AR TT 992 o-nm
NTATINF/NARM$IR):1. DN NAF TPARTTF Akt 2. P0N NAF TPARTT PATIR

2. PGk +AF, PN NAF Uid (NANGFL):1.NMLACANT ZHEA 10~ (e €M 3
£48.)2. NMLACANT 121N 10~

3. P®N NAF NANTIPHED- TAHIRRLID T¢-ARY 10%? 1. Plasmodium falciparum

2. Plasmodium vivax 3. Mixed infection (both of the two)

4. PmN NAF P+aLA/NF/FNT TH ($7/DC/Y.9°):

5. PmS MN L@ NJ:

6. PGk +AFLP I 1. % 2. v
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7. PMGk +AFL 0L

8. PAYMADLP ADAP (PRH/NTHCA €mC AT OPDM):

9. PPNAMD/PIM- NTP: H

10. PMPem-/ADZE ANANG NT° AT £C9T9: T

A. PmGE +AFL (AT POLTM hAd) hA®N NAJ PAPMPP M PRPF AT
Eh44.0P ™/EPF

PAIMADLP ADAP (PRLH/NTHCA ®TC AT OPDO):

PPNAD/P M- NTP: T

PMAaMN LMD NTP:

a/5a +ANANNT 7 ($1/DC/Y.9):

PMPem/aLE ANANMD. NI® AT &CM: T

Pan/E ANANPTF +&MMZ NP AT &C9: :

MAFDA: ALMATFD D18 AT NFF APF PG+ +AFLPTI PA-CPMEE PAhyem-
NA+AMYAL/NANS LD IC Yd-::
** % AL FMD- N8 AGPF NlFF APk PPGE +07&PF PIAF UFs7 PULTICT (Fo7 PAYL

b 4G PFIPYLTF UF5,7 PIAFNA] YALDH PANL M- APLE LD/1E4::
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NEA AT12:8.9094.4F MUNEP U1 >PF

PP mPEPT PADAN GRLeR, PT/ADAN PPTF P ATH 6w PR HAA
®M( AN TF/ANST
101 PINF U3 ? PIN/F 0
(PRG+ +AFE IR PNLAAMN YAL) ™ | PATIN/T 1
NA/TNF NGPF P+A LF/Fa- 2
PLFIF 3
102 PULMPF s H? ACAt LT 0
PGk +AF4 DEIR PNLAAN YAL)** | amwp go 1
AA (27A8): 99
103 P 13? INCT 0
PG+ +AFL DEIR PAFHAN YAL) > | 1912 1
PARIAF N 2
PRANT ¢ 3
AA (27A8): 99
104 PTIRUCT U 3? @MINNG dPR& P9 LTFA/FTTFA 0 emg+k +AFL 18
PG+ +NF DEIR PNHAM YAL)*™ | NG dogq pag/gotFA-aneng pAly | 1 A0+ XS hH
N1-6 N&A PMTP/T 2 NAL hUy @£
N7-12 N§A PMTb/T 3 TP 106 1L
n12 N&A NAL PMTdP/T 4
105 PURSTH/PALT PHIRUCT B2B? ATIRUCT PALLA/T 0
(h18 Aaet NFF ALK PP 5+ 0L M/PP BLA/INT 1Y PeRLanc/ramc | 1
+0F&PF) Py agC/pgRtayC 2
106 PR+W NHY 2% 10?2 NeMC
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N&A UAT:ANSC PR U1 3 PF

201

P+AMN TNEAT

NN+At AP L+AN PFHEFE ANT? hA 7L NAL AN LFAH

>

>
k]

PTHAA

rANTLN?

f%+?

B P?

eNLA?

MZA%H?

M™YNC?

N71E hdJ?

NTLT9 hAI?

/& FN?

AAG/INBAL NCUT PA W PAARTLA APNLF/PAE N+L7?

P N+ATY PA+ANT ANAT AAFO-?

>

>
k]

NeNha?

J6?

e+C N2 hA?

aon 5/Pepe 1t aPN5?

nge:

N I I A I I R I I I

OO OO O0OmM| OO0 0|00 Ooo|o oo

NN+ ANAT @AM PACA AP4F PAG- AA? AP....... 1

N+AN AT P8/MNFC TPoT AAD-?

N+ N7t PaDF - A& AT ANT?

N+AM N n+AT ATNAST N
PHEE AT?

NAA “0”% 224

DAL NAL hUT “9577% L4
hAm++, “9877% L84

MANT L84

PO++ AP/ NCHPF/NLPF

dLNTFIRUPPFINP A PT

Nt

&P et

PINPEPT

ACPT
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NAAAMT ANAT @A PNTAJAINEE PTTHAN AND-TF PAD- AA? | AP...1 PATR...0

N+AM @Y P9, 0770 NPt 707 nUHN A0,

h4 3. NA.L ®™hN-1 LFA4d N+MNe +.03.0/90% 650

NA+MN$ +L3.L/9°% 60

AN P+ @ AT N o
P MPAM™-? flPpp,F- 1anang h+

amneF PAM- +£38 apgs8E N+

mALT PAAM +23 L8 a0g8E N+

0
1
2
AreT/rd, @TH, Al®, 98N, HeN | 3
0
1
2

PAPC P M.k, P+IMACAT ARS8 E NF

AT N PAITR/NET NFTMG 99

N¢ P Naeaegd h

PN+ MAA PHWim NIRYET 1M-? ARP MLI® KLC

0
NANT P+APAP 1
N, 7% AR 2
AA £TAS: 99

N&A YAT:ANHYT a155 PAD-T $CNTF N+AAh+

301 JHMFY LN NATRTE ATE TH FINAUNLAR? | AP 1
AATNgD 0
302 480 NPIN NATRTE AL 1H F8TPMAU/BAR? | AP 1
AABgRMgD 0

ALTBAFD- M8 ATPF NFTF APF PPTE +0F4PFE PIAFNT YA PAPLE LT LONEA::

NEA AéT:PN+k AMPAL MIAHPT

401 | aoPLP N hAPT? AP 1 0% hAAD @2
PA% gD 0 | N&A AN TLYS8.
402 | AP AT NEAIAT ANT? NPmF Napand hf NemC
403 | PNk MEP PHwe.a» NIRYLET 1A? 1P Pt NAPAP4hF | PAC W87 0
$CEC 1
AA RIAS: 99
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404 | PNk 9198 PHW M NIRRT 12 PPF nep g 0
f1aoangd h NALT,T¥/ICE 1
AAR TAR: 99
405 | PNk MAA PHWAM- NIRIET Y07 flppF 1MARANF | ARP DEIT® AL 0
NANT P+APAP 1
nALT,7 FAA 2
AA LIAS: 99
406 | Nk AR NAL PARUT O+A PN AAD-? 1P | RAD- 1
f1aoan d h - PAGD 0
407 | ok APANT 9O A2 YT 107 Ml F N1AP Rl hF At PAD-9D 0
A&EF anht 1
PRCH(C 2
N+MAAL AN P+HI (A@N +7% aehAhp PaqPy) | 3
AA LIAS: 99
408 | PNk MLP PBBPTF AAT? MlPmF 1aPand h - hP 1
PAD-g 0
409 | NAL@ AL OC @D PNF ATNAT T OND HOFC/RAR AAE P24 AP 1
1NC? hA L&D 0
410 | Nk NATRA AC CPF AN NTF NTT AX? 1epF NaPand bt NEMC
N&A APNF:NNT 06 P+L277 +H N+A2AN+
501 | NAL@ AL C @AM NG+ NF M6 +FHU/MA TNC? ATRAA ML hP 1 | 9°AR AP hAUT L m P
AAMT MMT OPA ACAPF (dD+a9T (FADLT 8FAT 4.7 ANCG-E ) Aatatnge |0 | 507 BY&
502 | Am P4 501 ANP AP hUPT1,N7F 1H +FHU/A INC? NeMC -
503 | AmPe 501 ANP AP hUPT, PN +3% A®hANL AINC HOFC FMPge/am, 1NC? AP 1
hd+megenge | 0
504 | AmPe 501 ANP AP hUPT.PMN A®NANP AR LY+ MNLU/A INC? hP 1
RADNAEN-gP 0

160




505 | Am P 501 ®ANP AP hUY, PHI@- +HHUIRP INZO? POLED- NI™ |
506 | AP 501 ANP AP hUPT, AP INC P+H3HNO-/Ad- N &AI 0
(NF=7F gALPT)? ATUNGP F8L (ARG THARL IMHt. AGPMPP) 1
hA 3.8 NAL ®hN1N LFA4 PACA T4 NAAT 2
AA RIAR: 99
507 | NALG: A8 @C N NNF @60 NFH TRNLLT AL UMM 1NC? AP 1| 9oAf AP NAUTTDE P
RA+3HNRg 0509 £448.
508 | Am P 507 ANP AP hUPY, PN +3% dAhANL AINC HOFC AP 1
Fme$Ie/m, 1NC? hd+megenge | 0
509 | hntAM ANAT @A ML mNTY NFPF e+aH A®- 1NC? (hd g+ N AP 1 oA AP hAUTIDE
@»6%v) DFAYF(fODL R IF () 3B B A LLd A B PAGR 0 nEA NENT £YS
510 | AmP® 509 ANP AP hUPY, AR INC P+AHD/FO | N §AI 0
(Ng2Y 92N PF)? ATUNEP F8L (RLETHAD L IMH+, ACPMPP) 1
h4 3.8 NA.e AN LFAA PACA TA NAAD-/AT 2
AA RIAR: 99
NEA NENTF:PNDY NULTAT T AT DADN NHZF PNDTY F+9UCTH N+a@Ah+
601 | NAL® A78 @ CarAm N9RR+ 12:00 ANN A+ 6:00 NAG 1H hNF hP 1
@60 FAH/A, INC? (NEPFINALINTFH MHE...) AAORTGD 0
602 | ACPgZA 1H PN NAF TRANTTT NPU/M 1H ML MT +29° LLU/M hP 1 | AR AP hAUPTT0EM
1NC? (ANR+ETFLU+T A2en9°0) RAYege | 0 | PR 604 248
603 | AmPe 602 ANP AP hUPT AT @N N+ITNUY/A 1H, bAT9° PN AP 1
am ULt F NUNA™ FOHH ARALT CAUMM INC? AAebZN -9 0
604 | e@N NAFT PPARET NPUM 1H AGPFNIR PNUA UNIR/ANA JIC POPAE | AP 1
AT RAUMA? (MILLIANATAOPT @HT...) PAT gD 0
605 | hmn NAZF AL DA LAY (FTPARTTY NAPME-ME) PAUNI® FOHH | AP 1
LOA8A? (NA$TNNUA UN9P) RADNE IR 0
606 | MT RANETAT N8BT NADN NAF AMPAL PMSTTIRUCT EAMA? hP 1
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| (ATPAA R +AALP KG aPNANP ®V12.F) 14 AN+ DLI® I F

| heAMm-g®

\ 0

h&A ANTF:P@mN F+7% AhAhP AINC AT 02-F1F 2 hLT CoxFT N+™AN+

701 | e@N 7% a®nANP AINC AAU/R? 1$P,F- Napangd hi AP 1 AR AP hAPTT DL
PAB gD 0 mnPe 817 £YS8.
702 | AmPe 701 AAP AP hUPT NNFTU AL AINC NF 10 AP 1
PAD? NP NI4T heLAgD 0
703 | AmPd 702 aANP KELAT™ hUPT AT AT NH.P NAL AINC AP 1
AATU? f1¢m,2- 1aeand h PATGD 0
704 | A Pg 701 @ARP AP hUT NNFFU AT NYF RINC AA? NP F NPART | NemC _
705 | AmPe 701 AAP AP T +97F 99 NAINC @D 10- AP 1
PHTURAO? NFhhA ritA Y DM F AL ITD h2LAgD 0
706 | AmPe 701 AANP AP hUPT NALD A8 OC AINC AR AP 1
aq 4 @94 +MEPETYA/AA? hAtMmeIehge 0
707 | AmPe 701 AAP AP T +97F 99+ NAINC AN AP 1
NFUIAY 1@ P+ Ua/AM-? hLLAgD 0
708 | AmP® 707 ®ANP ALLAI® hUPT, NATL AINC AN AT AP 1
USFU 9@ P+EF U2 h2LAgD 0
709 | Am P4 707 ARANP AL LA WUPT, NAING @-ND N BTFU +3FU? | nemC _
710 | 9% @ AR ONAHAN ANAT NATING @AM J0- AP 1
P+ TF/+MPARPA? h2LAgD 0
711 | nnAAt ANAT @A F97F 993 NAING 1€NAM-C AT 0
@-ND PA+T@ MY 10-? hATL NAL m@m-AL P FA ATHT (15-49) 1
DhN1 LFAA AL AT N5 ADRF NFF PV U95T 2
AL MATM N5-14 A0PF PP U95T 3
M™72F N15-49 AT 1ATNF N49 NAL 4
712 | nthAM ANAT NP AAE RAR PARING | 1SAM-C AT 0
1

Py +Fm- a7y YMm-?

a@m-AL P FAATHT (15-49)
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hA 3.8 NA.e aNA LFA4 AL M ATFMN5 AMFNFTPPRUITT 2
AL RTFMN5-14 ACTPPRUITF 3
MYLFN15-49 ATIATNTFN49 NAL 4
713 | AmPe 701 ANP APh PTAING 8L hAD-? 1P D,F AP 1
f1anang h 3 PAM-gD 0

714 | RiN4T htenA 9% PUA 1H PIm-? Nm&t+ -
715 | A1N4 NM& i F/NThNA +h$AA? 1¢p - Napangd h i AP 1
AA+APAGD 0
716 | AIN4 NM& Ui AL 10 PAGR? [l 7 1apaDd h+ AP 1
($88 PAADTPATA AT THMT PARZA AT NTNNA PHAPA) | ARRAGD 0
17| NA&F 12 @e-F @ND, PNk L8 PF NOL-+7F AL it AP 1
+¢ 6t 1NC? AA+Z e g 0
718 | NA4F 12 @4&T @AM, Nk NH2e NIA C1818PF $AGD AP 1
A+ DLID +ANID- TNC? hA+enge 0

A&A NPT H:N500 MAFC CPTF @-NM PIY7F M-YT) ANATYIPALTE AP+ IT AT PORLT AL TY N+a2Ah+

)HFDF NNt N500 B+C CPT NP PMN+tAT @Y AhAT hA Pan+ATY AR®T RAPHAMN? PADLT AMPPID AS
PaRLT H4EPT NAo Ba9e &FALT NAM- N2 N3 P[V] PART PECT hAA P[X] 92AhT PAPIeM: (Y99 AhA%E paps%
AMPPIRT PADLT A4STF PARADHIF AALTRTE. Nt TO») =

aoAPPF AT
hhCN(Northing) | L 7+CN(Easting) n& J-/Elevation (m)

n+

810. MY H/ch &>+

811. PHAD MrY**:

812, AD\G**:

813.NA a4

mAPPF P [V] @E9™ P [X] PART 998420
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814. 2.

815. NAenF N

816. HEF:

817. ¢MEMPF:

818. TH.PE d-Y/@r7 £

AT

OTH/ALP = OTH DLI® HLP aP(

PPaAD M-Y = ACPAF PAYM-Q PRSP MY i+ MZAP Nbi1LNIIRYsh MIANTILIZIM NFPF

MACTHRFIeMEMmPF

Ne ao st = e /N 2L ZN8 NFIAIMA P, LTIATATATC+ ATRAPAN NLHM- PTIL FZNTAAT

Y =P+ MLIR/mNSP £7F

NAht Né = TAAP PP FEILTINF 917NF),

LHPP MY P PML-Pa™ 0 P PF = PTANEA MCA-ATIPADNT 1MPFIAATLCT! POY TIMLPTE FTNCIP+ANNSG ANAPTIPMSELE
MCACEPFIMYILT = ANTATIMMCITITA ANG AT AATANT PAR,PFINARTINT AL PATRY) & IMH+

2. PGF RATM UATY N+aAh+ PHHIE aome P

U5k +OFL (ARTMATFD N5 ACF NJF PUF) PN NHSF 2L B-MTF
1. PMeE +AF4 PN NAF Ui (PON NASF RANTTT 9192F @A NMAINT /NaemegR) 1. PN NAF TPARST AkT 2.

P@N NAZF F2ANET PATIR
2. Pmeh +AFL PN NAF UiF (NANGFE) :1. NTEACANT 7HHA 10 (DL €DC 3 RY8.) 2. NTLACANT 12+ 10>
3. f@N NAZF NANFIPFTMTAHIRLLID T¢-NLF 10-? 1. Plasmodium falciparum

2. Plasmodium vivax 3. Mixed infection (both of the two)

4. P®N NAF P+I/MNT/FNT 1 ($1/DC/Y.9):

5. PMS MN.P@ N9™:

6. PUIF 23 1. @IL 2. AF
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7. PU9F 0L

8. PMGH +AFL ®DC (PRH/NTRCA):

9. PHPNAD/PIM NTP: H

10. PMPE@m-/aRZE ANANGL NI® AT &LCTT: T

APLRSEk +AFL (AETMATFE h5 AT NJF PUF) PN NAJF PO MPP M PEPF

PTE +AFL *TC (PRHNTTCA):

PPNAD-/PIM NIP: T

Pma MNP AJ™:

a/5a +ANANNT 7 ($1/DC/Y.9):

PMPem-/an/E ANANM. NI° AT &CTM: T

Pan/g ANANPTF +&Mme NI AT £CT: H

MhFm: PA-OMLE PTNYLLD NNL+ANT YAL/NANSTIDIC 10

NEA A1L2:8 44T MUNEP U3 PF

mPe M PLPF PARAN JRCERPF/ARAN PP T el VNS P HAA
®MC AN T/ ANST
101 PRAAMT YAL/LASLE PINF U132 £1n/+ 0
£AIN/F 1
NA/TNF NPt O+A LT/ T 2
PL /T 3
102 PRAHAMT YAL/LASLD PURLMPHF 1d? | ACA LT 0
ao A go 1
AA (£7A8): 99
103 PR+ANT YAL/PABLO-P ¢ U2 INCS 0
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e

PaRYINYt Ne-

PTHANT ¢

w

AA (B7A8):

104

PR+AN YAL/PASLD: PFIUCT Ua?

TMINNT P& P LFA/FFA

aYINNG dPR& PR /IDFFA-AR NG LAY

N1-6 N&d PMTPP/T

N7-12 N&4A PMTPP/T

N12 h&d NAL PMT P/ T

Al W|IDN| O

105

PUIF/L AT PFIRUCT Ui ?

106

P+wW NHF 27t 102

NeNC

107

N+ @-Nm N18 9% NFF PUF N7 UITH AN?

| nemc
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N&A UAT:ANSC PR U1 3 PF

201 | oAt INZET | NANTAT AT AN OFRF AAT? hATL NAL AN LFAL | hA PAGD PR HAA
AANTA? 1 0
A%F? 1 0
4802 1 0
qoNLA? 1 0
MZ&H? 1 0
®™INC? 1 0
N7Y8 hAI? 1 0
NTLT9 hAI? 1 0
Mr-HI&FN? 1 0
AAC/INBAL NCUT PARW L PRARTLA OBNEF/PAE NFL? 1 0
PARN+ATY PAAAN ANAT AAFO? A PAgGD
NeNNA? 1 0
J26? 1 0
q+C ALHA? 1 0
aoh §/PepeF AP 5?2 1 0
nge 1 0
NN ANAT @0 PACA 24T PAD- AA? AP....... 1 PAT......

NA+AM AT $B/AAFC AOLT AAD-? NeAMC
Nk NTF PO+ N&EAT ANT? NEMC
N+AMT NN +AT ATNAFT e MmANY 224
PHEE AAT? PO+F APPTF/NCRPT/NLPT
NAA 0% &84 LLAFIAUPPTFINPAPT
hA%E NAL hUPT 95’7 R4 N7
hAm<T, 98°% L34 60T
PN $LPT
2LPT
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NA+AN ANAT @A PNTA/RINTE P7THN ANG-TF PAG- AA? | AP....... 1 PAGR......0
N+AM @Y PaR P77m NPF Y2 hA 2L | NUHN 030, 0
N4 mhN1 LFA4 nN+MNe +23.8/9° 6 1
NA+TMNP +£3.8 /90 6ps 2
AreT/rd, @TH, Al®, 918N, HEN 3
N+AF PHFOT AT N Y0 amheF PAG- +238 ae8E N 0
P Mbaom-? f]Ppp,F [lapang h mHeF PAAD. +L38 dng8E N+ 1
PAPC AP M6k, P+HIMIPAT e85 NF 2
AT NF PATIR/NGF NFiaR g 3
PNk MAA PHW M- NIPY LT D=2 ARP MLID ALC 0
Ne¢p . 1aeangd h3 NANT P+APAD 1
NALT,7F AA 2
AA RIAS: 99
NEAYNFANEY 15T PAD-TPCNTNHAR AN
301 IHMFINLTIANATE VAT L LH FINAU/MNLAT? AP 1
AATNgD 0
302 680N LINNATCTHATE LR FBIPMAU/ERAR? AP 1
AASIRMYD 0
** PL1i4] YALD-Y PALID-F PAPLE PLI1FLM-12N)
NEA A&T:PNEk AMPAL ADIAMPF
401 | aoLP N AAPT? AP 1 | n% hAAD @2
PAT gD NEA APATLYS.
402 | FP AT "&EAIAT AXT? NemF Napand b+ NemC
403 | PNk MLP PHWe-m-NIRYET 102 1P F NAPADdhF | PAC D87
$CH(C 1
AA RIAR: 99
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404 | PNk 9L 8 PHW M NIRTET YD NP DS nepg 0
f1aoang h NALTR Y $/e1CE 1
AA LTINS 99
405 | PNk MAQA PHWAM NIOIET Y07 flppF NTRARANF | ARP DLI° hL.C 0
NANT PtAPAP 1
nNALTRL Y AR 2
AA £IAZ: 99
406 | Nk ATRN BNAL PARLUPY P+AP N AAD? 1PPF | AAD- 1
f1apan  h - PAGD 0
407 | PNk APANT 9O ALYF 1P PP | PANT PAM-ID 0
Nnanaeg h n&EF anht 1
PSCHC 2
N+MAAL AN P+HI (A®N +7% aehAhp paqpy) | 3
AA £IAZ: 99
408 | PNk MLP PREPTF AAT? NP 1anand hF- hP 1
PAD-g 0
409 | NALO» AL OC @A PNAF ATNAT T BT HOFC/AAE RAL P24 AP 1
1NC? hA L&D 0
410 | hnk NATRA T CeF @A A T AN? | nemc
N&EA AAT:NNT @6 P+L277 +H N+@AN+
501 | NAL® A7 @C @NM NN 60 NFH RNLLT URHE AP 1 | 9PAR AP hAPT: L B P+ 503
A&l INC? AA+3HN-gD 0 | &8
502 | AmPe 501 MANP AP hUPY, USH/ST PN +7% dPnANP | AP 1
AINC HOFC £M$I°/FMm$In INC? AA+megen-ge 0
503 | N+AM ANAT @A ML dNTY NFPF e+3H Ad- 1NC? AP | 1| 9PAR AP hAUTE
(NG| NF O-6b) TOFTDIfOPLILIAINIE S 5 A1 B PAGe |0 | @ h&A NENT £Y8.
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504 | Am P 503 ANP AP hUPT, ATRY INC N A 0
PHIH/FO- (NPT TPALET)? hAZL NAL | ATRUNLP 18 L (ARFIHAR L IMH+. ATPMPP) 1
AN LFAA PACA T NAAD-/AT 2

AA RIAR: 99
h&A NENT:PNAD-T NULTATTF AT NADN NHF PMADTY F+9UCT N+aAh+

601 | NAL@ A8 @C @AM h9PR+ 12:00 ANN A+ 6:00 NAG- 1H hNAt AP 1
-6 YR'H/G, PARH/F0H INC? (NP FINALINTH MHE...) AAODRGD 0

602 | Adogn A 1H PN NAF TPANTT USHE AL NF& 1H ML M5 +:9D AP 1 | PAR AP hAUPT LM P
18/ 1NC? (ANA+ET PU-+T A29°C) haYenge | 0 | 604 98

603 | AmP® 602 ®ANP AP hUPT AT @N N+7T 1H, UATIR PN R LULST | AP 1
AUNA™ FOHH aAZTt ghCAAAAT? AAshZN 9 0

604 | eN NAF FPANTT URH/T AL NFR 1H ATRFNIR PNUA UNID/RNA IC | AP 1
PADMAL ATRE AAPT? (MTRLIANATAOPT MH+t...) PA% D 0

605 | hmn NAZ AGRL DA AP LAY (FPARST PON TFD NMAT) PAUNTE | AP 1
FOHH LmN8A? (NA$TNNUA UN9P) hADN L gD 0

606 | Mg ARANETAT AGTHET NADN NAF AMPAL PMT FIRUCT 2AMA? | AP 1
(AFPAA, AP+AAL P AT APNANP A0 112F) A+ AR+ ML I IHADF A2 AM-9° 0

NEA NNTF:POASTFI/PANSLPTT NADN NHF PATEY A4+ N+aAh+
701 | edn NAZF N@N +3% 7hA 2+AAGA? AP 1
A2+AAGID 0
702 | eadN NAFT NAING APNANA £FAA? AP 1
K FATR 0
NEA NI°YH:emN +7% AhANP AT EMMLP HEPTFY N+mAh+
801 | N} @-Nm PN 79 ABnANP KINCAA? PP NaaAhF | AP [1 [9°AR- AP NAUIT®E A P2 815
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PAT® [0 [eys
802 | AmP® 801 ®ANP AP hUPY NNFTU A78 AINC NF 10> AP 1
PAD? NepF NAPAP4 T heRAgR 0
803 | AmP® 802 ®ANP hELAT® hUPT AT AT NH.P NAL AINC AP 1
AATU? 1P, 7 Naeand h+ PATIR 0
804 | AmPe 801 @ARP AP hUPT NNFFU @-AD NTF RINC AA? 1P F NaPaARF | NemC _
805 | AmPe 801 MAAP AP hUPT +57F M3 UIH/T NAINC BN | AP 1
10 P+F /T2 NFhAA PrieAYH POMS T XL ITD h&LAgD 0
806 | AmP® 801 ®ANP AP hUPT NALD AT AT USRS AP 1
UAIR @94 a9 AINC +METRA/TATF? hAtmeange 0
807 | AmP® 801 ®ANP AP hUPY +57F 993 NAINC A AP 1
U9HTNFOYPY 10+ P+E Or/F0r? hELAGR 0
808 | AmP® 807 ®ANP ALLAI™ hUPY, NATL AINC ™-AD NUIHE | AP 1
AA AL D ANC +31A? K& LA 0
809 | AmPe 807 ANP AELAT® U, NAING BN AT 1D +52 e
810 | AmP® 801 ®ANP AP hUPT AING $8L AAD-? f1PDF AP 1
Nnaeaog hi PAD-gP 0
811 | AMN4-7 h+eNA 927 PUA 1H UPIa-? N+
812 | AN4 N4 U1 F/NThNA +h$PAA? NepF Napand ht AP 1
hATAPATD 0
813 | A1N4 h+AMTU NIA ATF 1H FHOA? NeMC
814 | AING N4 U1 AL 10 PADR? M1 ARADY Qi ($88 PAAD-TPATIA AT | AP 1
THOT PAGLNT T A PR FMN AT NTFNNA PHAPA) A2 L2ATD 0
815 | NA&F 12 M&-F AN, PNk 12918 PF NOL-T7F ALt AP 1 AR AP hAPTT DL
et INC? At e 0 mPe817LYS8.
816 | NA&F 12 M-FANM, Nk NHZe NIA 1LI8PT PAID AP 1
+¢N+@> DLIR +ANID- YNC? hAteNge 0
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817 | hAINC @6 AT PN F3% APNANP HE&PTT FMPMATU (PN F+7% AP 1
ahAh? ANINT @ PILHIE 64-F71% hohATPAC axN)? A MbgRgD 0
818 | pmNn NAFT 2NANAA +NAQ- PR FadDk AR YY £ (POKPT hP 1
RALIT4AFTAINACNA) NALD AT AP U9HE DAL A/DNSAT? RADNALI/TgP 0

$A-OMLE PR NY LM NYUGHEMAB/AAST IC 1111
3. PG  AAM NATEY N+IAN+ P+HHIE PAO ML $ aonanyF
U.Pemn NAJF ahAhP AINCYT AmPPI® P+MANT PRAP-OMLEP MMLETF (AT +NF< AUF PANNND-

munsnm)

1. P@N NAZF ®NANS AINCHIHG/TNE A18FMPIR/a™PL1U/ATUY Uit PT ANN, HCHC A CTIU/A AKA/6A™?
AING OF AT8A ANN, ANRT?
P@N NAZF NANL AINCHINL/TNL LA 995 @93 AT8Med™ P POCTH 11CFT HCHCAT ANN?

A W

nAAM ANAT @A FALH TF T AINC PAILMPT™h A1997 TFD-?

U) 1&€AM-C ATPF/ACHFH AT PRLLTE 2187 §Fm-?

A) AETATD- N5 ADE NFT PPE U5 PRLLRE VLT TF@-?

) O-AL P T AGTHT (15-49) FPALPFE 1LY §FM-?

) AEMATM N5-14 AR PP U95F PPRLETE O1LT TFm-?

W) ™YLTFN 15-49 AT 1ATIATF N49 NAL P RLL+E I°1LT TFm-?

5. PNtAM ANAT PO9+TFF PF O AL 102 (PAD% F NFPF)

6. AING @AM A+EF ATF AGF AR 10~ PIOFIMHA?

7. RINCY NACINM PAPMSIR AGHRTY LengRlA PIRFA/AFAY AN+ LPFTUT ANN, TARA/AT?
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8. P@™N NAF a®hANP AING 9°F 27 ALYTF M4 NULPLT AAT/MTNG 19F?

9. P@™N NAF NANL AN FEATT/LNT 19T PIRFAF®T ANNHCHCAT?

10. NAPRLZATR TNAL NFA PATIA AdeF YANTF/10NT N AR R FFAAU/A?

A. PN NHF AhAhP AINCT AMPPI® P+IANt PRAG AO/Z8 Ah, MLST (ADN NHJF ™hAhAST € C

YALPTFIAMS MNP PMT NATPPTFIAMS AANETAT NAT-PPTFIAPLNA/AID ATPLCTF AT ATTLPT)

1.
2.

o o &

PANNNEY UHAN P@N NAF ANANL AINC ATSLMPIR PLLTFFT TPNLLFT AN HCHC ARCTIU/M IARAR/ 60?2
PANNN@-T UHAN PN NAZF ANANL AINC LALH T3 T3 AT8LMPIR PR PLCT ARATAATY/ICNLEFTT HCHCAIAT
ANN?

PHU ANNN, UNZHAN/TUNZAN P@N NAF APNANL AINGT NHEPLAT AT T @60 AT ATDT +INLT/RTIA Aot T
AR ParAD- ANN NA+PAT £7747?

RINCT NATINM PAPMPID ATILTFT BenIPlr PIHA/ATFDY AN+ LOFTFUT AN TIARA/AT?

PmN NAF a2hANP AING NNLE(NENLH AARLF) AT AMPPI® ATIC T2 T°T ALYTF M4 NULLF AXF/MTNG 19F2
PmN NAF ahANP AING NNCE(NENLN ATRLF) AT AMPPT® AT9C FEAFT/ENT 1FF PIRFATF@T AN HCHCAR?
NAOZATRINAS NFA LATIA AdeT YANT/1MNT hi a0 FFAAUM?
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Annex 3: Anopheles mosquito larvae collection, rearing and morphological identification
Sampling equipments and materials for Anopheles mosquito larvae and pupae collection

Ladle/spoon/dipper; covered containers (for holding samples)/plastic bottles having holes in the
cover for aeration (used for transportation of the sample to the insectary); trays/wide-mouthed
plastic containers (plastic tree) for the pouring of the sample from the dipper; recording forms; a
GPS device
LARVAL SURVEY DATA COLLECTION FORM
1. Collection site identification: Region/district: Locality:
Geographic coordinates: Latitude: Longitude

2. Characterization of the breeding site: Type: 1. Permanent 2. Semi-permanent 3. Temporary

Origin of the water (e.g. rain, river, lagoon, man-made):

Nature of the water collection (e.g. puddle, rice field, ditch):

Characteristics of the water (e.qg. clear, turbid, polluted, dark):
Exposure to sunlight: 1. Shaded 2. Partially 3. Shaded Sunlit

3. Sampling description: Sampling time (min) Number of dips
Presence of larvae: 1. Anopheline 2. Culicine 3. Negative
4. Notes
Date Hour of the collection Name of the collector

Transportation of live larvae

All specimens collected from a particular breeding place were kept in one bottle and labeled in
pencil. The label included identifiers such as date, location, initials of the collector, sample
number. This was reflected on the data form. In addition, the side of the bottle was also labeled
with a permanent ink marker. During transporting larvae for long distances, there is about 1- 2cm

space in the bottle cover to allow air for larvae and pupae to breathe.

Rearing of Anopheles mosquito larvae into adults in the insectary
Laboratory equipment, materials and reagents for Anopheles larvae growth (larvae to

adult) at the rearing room

Plastic tree; pure water (changed daily); yeast (food for larvae); dropper (for taking larvae from
the plastic tree to another, since the old one having yeast has to be changed); sticker/plaster (used

for labeling of the habitat type; date of sampling, name of the site and data collector); room
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suitable for larvae (naturally conditioned); beaker (for putting pupae); cage (a meshed one used
for resting of adult mosquitoes); aspirator (used for collecting the adults from the cage); beaker
(used to put the adults); silica gel (used to dehydrate and kill the adults at the beaker); cotton
(used to cover the beaker); rope (used to tight the cover with the beaker)

Larvae

Temperature is the most important external factor that affects the growth rate of larvae. A
constant water temperature of about 27°C is critical for larval development. The larva room
should have a wide glass window to let in daylight or an artificial lighting system that allows for
alternation of 12-hour light/dark cycles, another critical environmental factor for larval
development. Larvae should be fed twice daily, usually with ground fish food. Both the quality
and quantity of the diet are important to the longevity and fecundity of the adult stage. Larval
mortality can be high if they are overfed. Underfeeding will produce smaller adults. The first
feeding should be 24 hrs after hatching. The first instar larvae require more food than the fourth
instar. Check for algae inside the larval trays as these can lead to high mortality. It is important to
change the rearing water every 1-2 days and remove all dead larvae in the trays. Larvae should
be handled gently, especially during transfer from tray to tray. Larva trays should not be
overcrowded, as this will affect the larval development due to competition for food and
cannibalism.

Pupae

This is a non-feeding stage. The larval trays should be checked daily for pupae. Pupae are
removed and placed into adult cages where the adults will emerge. Separation of pupae from
larvae can be done simply by the use of a pipette or a fine-net spatula; pupae are placed into a
cup for transfer into an insect cage. For larger numbers, the tendency for larvae to swim down
when disturbed, whereas pupae are tends to stay up can be used to facilitate this procedure. A
cup containing larvae and pupa can be whirled and this causes the larvae move to the middle
bottom of the cup but the pupa will stay up on the side. They can be separated then by use of a
pipette. Chilled water can also be used to reduce pupal and larval activity to facilitate separation
(but needs to be done quickly to avoid harm to developing stages) which then enables the pupae
to be poured out into a sieve and transferred to water at room temperature.

Adults
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Adults can be kept in net covered cups, which are inexpensive and can hold about 10-15 adults.
Usually a hole is made in the net to introduce the adults and plugged with cotton wool. Adult
cages can be used to hold larger numbers. Adults should be handled with care, using mouth
aspirators from transfers between cages whenever necessary.

Species identification using morphological characteristics

Morphological structures were used to distinguish between anopheline species/species
complexes. This was accomplished by the observation of species-specific characteristics at the
adult stage. Mosquitoes were preserved in very good condition. Adults were kept dry inside
entomological boxes with cotton wool and filter paper to avoid loss of scales during
transportation. The identification method involved mounting specimens in slide and cover-slip
(adult body parts) for observation under a microscope. The identification involved the use of
taxonomic keys.

Essential materials and equipment

Optical dissecting microscope, entomological forceps, slides, cover slips, cotton wool, plastic
tubes, miscellaneous laboratory glassware, permanent ink markers, pencils, adhesive tape, note

book, silica gel, mounting medium for slide preparations

Annex 4: (Paper I-111)
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Abstract

Background: In Ethiopia, malaria has declined in the last decade; only a small number of cases have been reported,
primarily from hotspots. The contribution of house proximity to water bodies and the role of migration in malaria
transmission has not yet been examined in detail in northwest Ethiopia. Individual and household-level environmen-
tal and socio-demographic drivers of malaria heterogeneity were explored contextually in meso-endemic villages
around Lake Tana, northwest Ethiopia.

Methods: A health facility-based paired age-sex matched case—control study involving 303 matched pairs was
undertaken from 10 October 2016, to 30 June 2017. Geo-referencing of case households, control households, proxi-
mate water bodies, and health centres was carried out. A pretested and structured questionnaire was used to collect
data on socio-demography, household assets, housing, travel history, and malaria intervention measures. Medians
(interquartile range) were computed for continuous variables. Pearson’s Chi square/Fisher's exact test was used to
detect significant differences in proportions. Principal component analysis was performed to estimate household
wealth. Stratified analysis was used to confirm confounding and interaction. A multivariable conditional logistic
regression model was used to detect risk factors for malaria.

Results: Of 303 malaria cases, 59 (19.5% [15.4-24.3]) were imported malaria cases whereas 244 (80.5% [75.7-84.6]) were
locally acquired malaria cases. In bivariate analysis, marital status, educational status, and bed net ownership were signifi-
cantly associated with malaria cases. In multivariable adjustment, travel to malarious lowlands in the preceding month
(adjusted mOR=7.32; 95% Cl 2.40-22.34), household member’s travel to malarious lowlands (adjusted mOR=2.75; 95%
Cl 1.02-744), and inadequate health information on malaria (adjusted mMOR=1.57; 95% Cl 1.03-2.41) were predictors

of malaria. Stratified analysis confirmed that elevation of households and travel to malarious lowlands were not effect
modifiers. Travel to malarious lowlands had a confounding effect on malaria but elevation of households did not.

Conclusions: In this study, travel to farms in the lowlands and inadequate health information on malaria were risk factors
for malaria in villages around Lake Tana. This evidence is critical for the design of improved strategic interventions that con-
sider imported malaria cases and approaches for accessing health information on malaria control in northwest Ethiopia.
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Background

Malaria still threatens the lives of millions of people, pre-
dominantly in sub-Saharan Africa; incidence increased
between 2014 and 2016 in the WHO African region
[1]. WHO targeted to eliminate malaria from at least 35
countries in which malaria was transmitted in 2015 and
prevent re-establishment of malaria in all countries that
are malaria free by 2030 through locally tailored inter-
ventions [2]. Wide use of effective interventions, includ-
ing long-lasting insecticidal nets (LLINs), indoor residual
spraying (IRS), treatment based on microscopy/rapid
diagnostic tests (RDTs), and artemisinin-based combina-
tion therapy (ACT) has led to a considerable reduction
in global malaria burden [3]. However, delivering inter-
ventions that deny the exceptional role of hot spots will
extend the time needed for malaria elimination [4].

Over three-quarters of the Ethiopian landmass is
malarious and 68% of the population is at risk for con-
tracting malaria, depending largely on altitude and sea-
son [5]. This signifies a critical public health concern in
a severely resource-limited country. Malaria has declined
in the last decade, with a small number of cases reported,
particularly from hotspots [1]. A 2015 malaria indicator
survey using microscopy reported 0.4% malaria preva-
lence among people of all ages who travelled away from
their home in the month preceding the survey and 0.5%
among those who did not travel [5]. To end malaria,
Ethiopia has employed three crucial interventions: dis-
tribution of bed nets, IRS in epidemic-prone areas, and
enhanced diagnostic testing through RDT and micros-
copy along with deployment of ACT. As a result of
intensive and integrated intervention measures, malaria
incidence declined by 50-75% between 2000 and 2015 in
the country [6]. This included implementing a program
to eliminate locally acquired malaria transmission in 50
districts by 2020. Despite the gains made to date, sizeable
residual transmission remains. This localized transmis-
sion is determined by demographic, socioeconomic, and
environmental factors [7].

Malaria heterogeneity is multifactorial [7-9]. For
instance, different environmental exposures increase
malaria heterogeneity, particularly in rural settings; these
include land cover, altitude, topography, human and vec-
tor population densities, and construction of residential
houses [10]. Previous studies showed socio-demography
[7, 11], household (HH) wealth [12], housing structure
[13], travel history [7, 14] and intervention measures [8,
15] to be major factors in malaria transmission. Agri-
cultural labourers often travel to malarious lowlands to
work on commercial farms [7]. The resultant acquisi-
tion of locally acquired and imported malaria in meso-
endemic areas hinders effective interventions in midland
and highland areas bordering hyper-endemic areas [16,
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17]. In addition, house proximity to water bodies has an
inconsistent effect on malaria transmission. Some stud-
ies concluded that closeness to water bodies increases
malaria risk [18, 19] while others reported lower risk near
surface water [20, 21]. Some studies asserted the inde-
pendence of malaria risk and house proximity to water
bodies [22].

The average flight range of the main vector, Anoph-
eles gambiae, is reported to be approximately 500 m
[23]. Over the last 15 years, malaria prevalence has
been decreasing in most endemic settings, due to the
aforementioned integrated control intervention strat-
egy, and in some settings the disease has been confined
to hot spots with specific vector ecology conditions [4].
For malaria elimination and eradication, vector ecol-
ogy is important. However, there are several ecological
obstacles to vector control with existing interventions,
including variations in mosquito behaviour, insecticide
resistance, avoidance behaviour, vector biodiversity, com-
petitive and food web interactions, dispersal and mating
behaviour, and environmental change [24].

Comprehending heterogeneity in malaria exposure
produces opportunities for spatially oriented malaria
control [25]. Targeted malaria interventions have direct
benefits both for targeted populations and for the whole
community. Targeted control efforts are vital tools in
malaria elimination when malaria transmission is sus-
tained in hot spots [1].

Malaria elimination may be facilitated by finer-scale
spatial studies. In areas with low malaria incidence, pas-
sive case detection (PCD) may lead to the identification
of households (HHs) with more infections than others
that can be a source of new infections. Determining the
distance between HHs and the proximate water bodies
where symptomatic malaria cases originate may help to
define hotspots of malaria and contribute to improving
malaria elimination efforts by optimizing the delivery
of limited resources to higher-risk populations [26, 27].
The role of GPS-based house proximity to water bodies
on malaria has not yet been documented in northwest
Ethiopia, and no studies have traced the potential role
of imported malaria in maintaining transmission foci in
the country. This study aimed to determine the effect of
house proximity to water bodies and other underlying
factors on malaria heterogeneity in villages around Lake
Tana. Specifically, this study explored the role of socio-
demographic characteristics, travel history, HH wealth,
housing structure, and malaria intervention measures
on malaria heterogeneity. The findings of this study may
guide national malaria control and elimination pro-
grammes in re-designing programmes for malaria elimi-
nation in Ethiopia.
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Methods

Study area and settings

The study was undertaken in 11 kebeles (the lowest
administrative units in Ethiopia) of Gondar Zuriya Dis-
trict and 1 kebele of Dembia District, northwest Ethiopia,
from 10 October 2016, to 30 June 2017 (Fig. 1). Out of 37
kebeles in Gondar Zuriya District, eight are not endemic
for malaria. In 2016/2017, Gondar Zuriya and Dembia
districts had a projected population of 222, 700 and 315,
390, respectively. The area of Gondar Zuriya District
is 1108.53 km?, with a population density of 188.4 per-
sons/km? [28]. Gondar Zuriya District is composed of
hilly and plain landscapes, and the altitude ranges from
1750 to 2600 m above sea level over three highland fringe
zones. Subsistence agriculture is the main occupation of
the inhabitants. In 2016, total rainfall, mean maximum
temperature, mean minimum temperature and relative
humidity in the study area were 1047.6 mm, 27.4 °C,
14.7 °C, and 45%, respectively [29]. Gondar Zuriya Dis-
trict has seven health centres and 38 health posts that
provide health services for the people in the district.
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Since 2004, guidelines on malaria case management
in the country have recommended treatment based
on parasitological diagnosis with microscopy/RDTs.
Artemether—lumefantrine is the first-line drug in Ethi-
opia. Seasonally, large numbers of malaria cases are
reported from September to December in northwest
Ethiopia, mostly Plasmodium falciparum infections [30].
In Gondar Zuriya District, large number of individu-
als travel to malarious lowlands to temporarily work on
commercial agricultural farms, mainly during the rainy
and spring seasons. Males aged 15 years and above are
the main travellers to the lowlands. Malaria is a common
seasonal disease in the district. A 10-year (2002-2011)
trend analysis conducted in a neighboring district’s
health centre reported 23,473 microscopically confirmed
malaria cases (75% P falciparum and 25% Plasmodium
vivax) with a fluctuating trend and mean malaria cases
of 2, 347. From 2010 to 2011, P. falciparum prevalence
decreased while P vivax prevalence was increasing,
indicating a trend shift from P falciparum to P. vivax.
Males and those in the age group of 15-44 years were
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Fig. 1 Geographic location of study area around Lake Tana, northwest Ethiopia
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highly affected [30]. Another study conducted at selected
health institutions in three districts reported 61.3%
prevalence of malaria (72.3% P. falciparum and 27.7% P.
vivax) microscopically [31]. There is an annual IRS pro-
gramme and distribution of LLINs, with replacement
being done every 3 years. Bendiocarb and Propoxur has
been used for spraying interior walls of houses and LLINs
(DuraNet®) have been distributed since September 2005.
One study recognized Anopheles arabiensis as a primary
vector of malaria around Lake Tana [32].

The study area has altitudes of 1750-2500 m above
sea level [33]. The climate of Lake Tana basin is of the
temperate tropical highland type [34]. Most rain falls
between June and September [34]. The water of Lake
Tana is turbid and the lake’s shores are becoming covered
with water hyacinth. Gumara Stream flows from east to
west and into Lake Tana, irrigating extensive commer-
cial garlic farms along its course. The irrigation water is
pumped using generators, causing a substantial decrease
in river flow during the dry season (October to February).
The reduction in river flow creates stagnant areas, poten-
tial breeding habitats for mosquitoes.

Study design and eligibility criteria

A health facility-based paired-matched case—control
study was used. Cases and controls were individu-
ally matched by sex. However, frequency matching was
done by age (<15, 15-49, and >49 years). All patients
>5 months of age who visited Lemba and Makesegnit
health centres and permanent residents in the study kebe-
les were included. Individuals who had no Plasmodium-
positive blood film or symptoms of malaria during the
preceding month confirmed using patient interview or
health centre register were enrolled in the control group.
Individuals with new episodes of malaria or people with
recrudescent cases that presented after 1 month or more
of the initial infection, and those who had taken malaria
treatment in the previous 30 days were excluded from the
study.

Study population

The patients (malaria cases and controls) were included
into the study based on the clinical signs and symptoms
of malaria and blood slides results. When patients came
to the health centres for treatment, clinical diagnosis was
performed for malaria. Then, the presence of Plasmo-
dium parasites in the blood samples was confirmed using
malaria microscopy. When a malaria case was found, the
matched control was obtained from the patients by con-
firming through clinical diagnosis and slide results within
3 days after the case was diagnosed.
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Sample size computation

Sample size was determined using matched case—control
study design sample size calculation methods [35] with
an assumption of 95% level of confidence, 80% power to
detect exposure difference, odds ratio (OR) of 1.61, one
control per case, and assuming that 25% of the control
HHs were located within a 250 m radius of water bod-
ies [26]. Based on these assumptions, 333 case—control
matched pairs could be included in the study.

Data collection and quality assurance

Microscopy was used to confirm the presence of Plas-
modium species in the clinically diagnosed patients [36].
Microscopy is the gold standard method of diagnos-
ing malaria [37]. Confirmation of positivity or negativ-
ity of slide results was assured using standard operating
procedures of Giemsa malaria microscopy at the health
centres. Thick blood film was used to search for malaria
parasites while thin film was used to confirm the malaria
parasite species when this could not be done in the thick
film. Malaria diagnoses were performed at the two health
centres and patients were selected and classified as cases
or controls based on the eligibility criteria. Cases were
patients who had signs and symptoms of malaria or
reported fever during the previous 48 h and were posi-
tive for single or mixed Plasmodium species in a blood
sample diagnosed by microscopy [36]. Controls were
individuals presenting at the health centres whose thick
blood smear tests were negative for malaria. Experienced
microscopists who were certified by the Ethiopian Fed-
eral Ministry of Health double checked all the slides at
the health centres.

All tested slides (negative and positive) were stored at
the health centres and three quarters of the sample were
collected randomly for quality control. Blind examination
of the slides was independently performed by a senior
technician at the University of Gondar Specialized Hos-
pital Laboratory.

A pre-tested, semi-structured questionnaire was used
to collect individual and HH information. The question-
naire consisted of questions on socio-demography, HH
assets, housing structure, LLINs, IRS, travel history, vis-
its to traditional healers, and inappropriate home-based
management of malaria (HMM). Males who completed
grade 12 collected the individual and HH data through
HH visits. Data collectors were trained in field data col-
lection for 3 days by the lead researcher. If any case or
control was absent at the first visit, the HH was revis-
ited within 2 days. After the second visit, 15 HHs were
excluded and 15 subjects refused to be interviewed.

Geo-referencing of case HHs, control HHs, small
water bodies, a part of the shore of Lake Tana, and the
two health centres was recorded through a handheld
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GPS device (Garmin’s GPSMAP 60CSx, Garmin Inter-
national Inc., USA) with an accuracy goal of ~5 m. Geo-
locations were also recorded in notebooks and checklists.
An additional image file shows the characteristics of
study villages in more detail (see Additional file 1). Field
data collectors were blinded to the malaria status of the
enrolled individuals. The questionnaire was prepared in
English, translated into the Amharic language, and the
responses from the study participants were translated to
English by independent language experts.

Variables and measurements

House proximity to water bodies within a 250 m radius
was the primary exposure variable. The remaining vari-
ables were covariates. The outcome variable was malaria
status (dichotomous). Through an ecological survey, two
nearby water bodies (rivers, streams, marshes, swamps,
stagnant water, natural pools, springs, water holes) were
georeferenced for each case HH and control HH (Fig. 2).
Then, by observational estimation, water bodies within a
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500 m radius of HHs were grouped in Category 1 (water
body 1) and those farther away from the HHs were
grouped in Category 2 (water body 2).

For analysis, house proximity to water bodies and
health centres was computed as Euclidean distance using
GPS coordinates [38, 39]. The average flight range of the
main vector An. gambiae is reported to be approximately
500 m [23]. For this study, house proximity to water bod-
ies was categorized into three distance bands (<250 m,
250-500 m and >500 m) [40]. The Euclidean distance of
each HH to the health centre was categorized as a dichot-
omous explanatory variable (<5 km and >5 km) [41].

HH wealth reflects a composite of several dichotomous
and polychotomous variables used to indicate the socio-
economic status of the HH. Variables that used for HH
wealth index construction were developed on the basis
of literature [42, 43] and the Ethiopian Demographic
and Health Survey [44]. Longer-run HH assets, housing
structure, water supply source, sanitation facility, agri-
cultural land size, having domestic animals, and having a
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Fig. 2 Location of proximate water bodies to case HHs and control HHs




Malede et al. Malar J (2018) 17:290

savings account were used to construct the wealth index.
The values of the variables were weighted from 0 to 1,
indicating the lowest and the highest values, respectively.

Statistical analysis

Data were double entered, coded, cleaned, and verified
using EpiData Version 3.1 software (EpiData Associa-
tion, Odense, Denmark). Data analysis was carried out
using SPSS statistical software version 22 (IBM Corp.
IBM SPSS Statistics for Windows, Armonk, NY, USA)
and STATA version 14.0 (StataCorp. Statistical Software:
College Station, TX 77845, USA). Descriptive statistics
[# (%)], including median IQR (interquartile range), were
calculated for continuous variables. For categorical vari-
ables, Chi squared or Fisher’s exact test were employed to
detect significant differences in proportions. All reported
p-values were two-tailed and considered statistically sig-
nificant if p <0.05.

Principal component analysis (PCA) was used to esti-
mate HH wealth [42]. Principal component 1 was used to
rank the HHs into three groups. Cutoff values/rank cat-
egories were set for the three groups. The original vari-
ables were transformed into scores having a mean equal
to zero and standard deviation equal to one (standardiza-
tion). The value of each standardized variable was mul-
tiplied by principal component 1 and a third variable
created from the product for each variable. Finally, a HH
wealth score was computed from the sum of the third
variables. Based on the cutoff values of principal com-
ponent 1 ranks, a final three-category HH wealth index
variable was developed. The composite score was classi-
fied into tertiles, with the higher tertile reflecting higher
wealth.

Cochran Mantel-Haenszel stratified analyses were
employed to eliminate co-factors, and to discover and
describe effect modifiers. Mantel-Haenszel test of equal-
ity of stratum-specific ORs was used to identify effect
modifiers. First, the equality of stratum-specific ORs
were checked to confirm significant differences, which
indicate the presence of effect modification between the
exposure and other factors. If not different, the presence
of confounding was then assessed. The Mantel-Haenszel
test produced a single weighed estimate of the predic-
tor by adjusting the effects of the third variable and the
crude estimate. Then, confounding presence was ascer-
tained through degree of difference between the crude
and adjusted ORs. For confirmation, a relative difference
in the effect estimate with a cutoff of > 10% was used for
evidence of confounding [45].

The conditional logistic regression model is the stand-
ard tool for the analysis of matched case—control studies.
It allows for the analysis of data with stratified samples.
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Like other regression models, it allows for multiple vari-
ables, continuous exposures, confounding, and effect-
modifying variables to be handled appropriately [46].
Although age was a matching variable, it was included
in the model to eliminate the residual confounding effect
that may come from broad age categories. Through a
matching variable for cases and controls, a matched
analysis was employed to explore factors associated
with malaria infection. The modelling strategy involved
estimating unadjusted matched odds ratio (mOR) and
adjusted mOR of the studied variables with malaria infec-
tion at 95% CI. A bivariate analysis was executed for each
variable; those variables having p<0.2 along with vari-
ables having biological plausibility were included in the
multivariable model. B-coefficients, ORs with 95% confi-
dence intervals (CI) and p-values were estimated for the
multivariable matched analysis and variables at p<0.05
were considered as statistically significant and indepen-
dently associated with malaria infection.

Results

Socio-demographic and household physical characteristics
of cases and controls

A total of 606 patients (303 case—control matched pairs)
participated in the study, and their HH geo-location was
mapped (Fig. 3). Thirty matched pairs were ineligible for
the study because they could not be contacted using the
addresses they gave to the health centre during diagno-
sis, finding matched controls for cases within 3 days, and
refusal to enroll, giving a response rate of 90.9%. Eight
patients refused to participate in the study. The quality
control results showed 98.5% inter-rater agreement and
kappa coefficient of 0.97 with the results at the health
centres (p<0.0001). Discordant results were reread by a
third senior technician and this result was taken as the
final result.

The age distribution of cases and controls for match-
ing was as follows: 238 (39.3% [35.5-43.2]) for subjects
<15 years of age, 328 (54.1% [50.1-58.1]), for subjects
15-49 years of age, and 40 (6.6% [4.9-8.9]), for sub-
jects >49 years of age. Half of the malaria infections,
152 (50.3% [44.5-55.8]), were P. vivax mono-infections
while the other half (48.8%) were P falciparum mono-
infections, with only few mixed infections. Of the total
malaria cases, 108 (35.6% [30.4—41.2]) occurred between
September 15, 2016, and December 15, 2016; 71 (23.4%
[19.0-28.6]) occurred between December 16, 2016, and
March 15, 2017; and 124 (40.9% [35.5-46.6]), occurred
between March 16, 2017, and June 30, 2017. The median
(IQR) age of the malaria cases was 18 (4.42-30) years.
Of the 303 malaria cases, 199 (65.7% [61.8—69.4]) were
males (Table 1).
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Fig. 3 Location of case HHSs, control HHs and health centers

Travel to commercial agricultural farms and other
behaviours among cases and controls

Almost all the study patients, 603 (99.5% [98.5-99.8]),
had been active at night (6 pm to 12 pm) outside the
home in the preceding month. Seventy (11.6% [9.2-14.4])
took anti-malarial drugs presumptively. In addition,
83 (13.7% [11.2-16.7]) travelled to malarious lowlands
(Metema, Shehedi, Abderafi, Abrahajira, Humera, Mai-
kadera, Dansha, Belessa and Fogera) in the preceding
month. From those who travelled to malarious lowlands,
55 (66.3% [55.2-75.8]) were engaged in agriculture. The
main reason for travel, cited by 75 patients (90.4% [81.7—
95.2]), was to seek temporary jobs. Most of the travellers,
(82, 98.8% [91.6-99.8]), were males; 58 (69.9% [59.0—
78.9]) were 15-29 years of age; 39 (66.1% [52.8-77.3])
had falciparum malaria; and 42 (50.6% [39.8—61.4]) lived
at elevations between 1901 and 2100 m above sea level.
Of the 303 malaria cases, 59 (19.5% [15.4-24.3]) had
imported malaria whereas 244 (80.5% [75.7-84.6]) had
locally acquired malaria (Table 2).

Intervention measures of malaria among cases

and controls

The median (IQR) distance from house to health centre
of the patients was 3.6 (0.9-5.3) km. Fewer than one-
third of the patients, 185 (30.5% [27.0-34.3]) owned
at least one LLIN per HH. Of those patients who had
LLINs, 123 (66.5% [59.3-73.0]) reported having slept
under a LLIN the night prior to the interviews. Only 95
(51.4% [44.1-58.5]) of HHs had LLINs that were in good
condition. Overall, 451 (74.4% [70.8—77.8]) reported that
their houses had been sprayed with IRS in the preceding
year (Table 3).

Proximity of case HHs and control HHs to water bodies
Two hundred twenty-four (73.9% [68.7-78.6]) of the
case HHs were located at an altitude between 1701
and 1900 m above sea level. Only 18 (5.9% [3.8-9.3]) of
case HHs were located within 2 km of Lake Tana. Like-
wise, 18 (5.9% [3.8-9.3]) case HHs had a water body 1
within a 250 m radius (Table 4).
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Table 1 Socio-demographic and housing characteristics of cases and controls in villages around Lake Tana, Ethiopia,
October 2016-June 2017

Dung plastered

294,97.0 (94.4-98.5)

299, 98.7 (96.5-99.5)

593, 97.8 (96.3-98.8)

Characteristic Malaria cases (n=303) Controls (n=303) Total Pearson’s X3/
n, % (95% Cl) n, % (95% Cl) n, % (95% Cl) Fisher’s exact
test**

Age (years)? 8 (4.42-30) 20(3-33) 9 (4-30) 0.188
<15 119,39.3 (33.9-44.9) 119,39.3 (33.9-44.9) 238,393 (35.5-43.2)

15-29 108, 35.6 (30.4-41.2) 90, 29.7 (24.8-35.1) 198, 32.6 (29.0-36.5)
30-44 8(104-183) 62,205 (16.3-25.4) 104,17.2 (14.4-204)
45-64 30, 99(70 13.8) 30,9.9 (7.0-13.8) 60,9.9 (7.8-12.6)
>65 4,1.3(0.5-3.5) 2,06(0.2- 26) 6,1.0(04-2.2)

Religion® 0.105
Orthodox Christian 299, 98.7 (96.5-99.5) 293, 96.7 (94.0-98.2) 592,97.7 (96.1-98.6)

Muslim 4,13 (0.5-3.5) 10, 3.3 (1.8-6.0) 14,23 (14-3.9)

Marital status® 0.068
Married 235,77.6(72.5-81.9) 257,84.8 (80.3-88.5) 492,812 (77.9-84.1)

Single 48,15.8 (12.1-20.4) 34,11.2(8.1-15.3) 82,135 (11.0-16.5)
Divorced/widowed 20,6.6 (43-10.0) 12,40 (2.3-6.9) 32,53 (3.8-74)

Educational status® 0.175

Illiterate’ 140,46.2 (40.6-51.9) 162, 53.5 (47.8-59.0) 302,49.8 (45.9-53.8)
Able to read and write (informal) 63,20.8 (16.6-25.8) 55,18.2(14.2-22.9) 118,19.5(16.5-22.8)
Grade 1-12 completed 93,30.7 (25.7-36.1) 75,24.7 (20.2-29.9) 168,27.7 243-314)

>12 7,23(1.1-4.8) 6(2.0-6.5) 18,3.0(1.9-4.7)

Occupation?® 0435
Government employee 6,2.0(0.9-44) 10, 3.3 (1.8-6.0) 16,26 (1.6-4.3)
Merchant/trader 10,3.3(1.8-6.0) 9,3.0(1.5-5.6) 19,3.1(2.0-4.9)
Farmer/peasant 251,828 (78.1-86.7) 258, 85.2 (80.7-88.7) 509, 84.0 (80.8-86.7)

Daily labourer 7,23 (1. —48) 8,26(13-5.2) 15,25 (1.5-4.1)
Others® 29,9.6 (6.7-13.5) 18,5.9(3.8-9.2) 47,7.8(5.9-10.2)

HH wealth index 0.275
Poor 89,294 (24.5-34.8) 106, 35.0 (29.8-40.6) 195,32.2 (28.6-36.0)

Medium 20,6.6 (4.3-10.0) 15,5.0 (3.0-8.1) 35,58 (4.2-7.9)
Rich 194, 64.0 (58.4-69.3) 182,60.0 (54.4-65.5) 376,62.0 (58.1-65.8)

HH size? 6 (4-7) 6 (4-7) 6 (4-7) 0.568
<5individuals 133,43.9 (38.4-49.6) 140,46.2 (40.6-51.9) 273,45.0 (41.1-49.0)
>5 individuals 170, 56.1 (50.4-61.6) 163, 53.8 (48.1-59.4) 333,55.0(51.0-58.9)

Roofing materials 0.145
Corrugated iron 287,94.7 (91.5-96.7) 278,91.8 (88.1-94.4) 565,93.2 (90.9-95.0)

Thatch 16,5.3(3.3-8.5) 25,82 (56-11.9) 41,68 (5.0-9.1)

Open eaves in the roof 0.546
Yes 37,122 (89-16.4) 42,13.9(104-18.3) 79,13.0 (10.6-15.9)

No 266, 87.8 (83.6-91.0) 261, 86.1 (81.7-89.6) 527,87.0 (84.0-89.4)

Wall building materials 0.896
Cement 5,16(0.7-3.9) 3,1.0(03-3.0) 8,1.3(0.7-26)

Mud 296,97.7 (95.2-98.9) 298,983 (96.1-99.3) 594, 98.0 (96.5-98.9)
Others® 2,0.7 (0.2-2.6) 2,0.7 (0.2-2.6) 4,0.7 (0.2-1.7)

Flooring materials 0.262
Cement and ceramics 9,3.0(1.5-5.6) 4,13 (0.5-3.5) 13,22 (1.2-3.7)
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Characteristic

Malaria cases (n=303)

Controls (n=303)

Total

Pearson’s X3/

n, % (95% Cl) n, % (95% Cl) n, % (95% Cl) Fisher’s exact
test**
Windows of the house 0464
Corrugated iron 55,18.2 (14.2-23.0) 52,17.2(133-219) 107,17.7 (14.8-20.9)
No windows 182,60.1 (54.4-65.5) 197,65.0 (59.4-70.2) 379,625 (58.6-66.3)
Open windows/open wall 58,19.1 (15.1-24.0) 50,165 (12.7-21.1) 108,178 (15.0-21.1)
Others? 8,26(13-52) 4,13(0.5-35) 12,2.0(1.1-3.5)
Number of rooms in the house? 3(2-3) 3(2-3) 3(2-3) 0.549
<2rooms 100, 33.0 (27.9-38.5) 107,35.3 (30.1-40.9) 207,34.2 (30.5-38.0)
>2 rooms 203,67.0 (61.5-72.1) 196, 64.7 (59.1-69.9) 399, 65.8 (62.0-69.5)
Tethering of cattle, goats and sheep® 0.701
Yes 73,24.1 (19.6-29.3) 69, 22.8 (18.4-27.9) 142,234 (20.2-27.0)
No 230, 75.9 (70.7-80.4) 234,77.2(72.1-81.6) 464,76.6 (73.0-79.8)
Separate kitchen 0614
Yes 116, 38.3 (32.9-43.9) 110,36.3 (31.1-41.9) 226,37.3(33.5-41.2)
No 187,61.7 (56.1-67.1) 193,63.7 (58.1-68.9) 380,62.7 (58.8-66.5)

Cl confidence interval

** p<0.05 was considered statistically significant

2 For cases and controls < 18 years; religion, marital status, educational status and occupation of the household head was taken

b Student, job seeker, street dweller, weaver, local musician, sewer, carter

¢ Cement and sand-made bricks, ink painted, ordered stones

4 Wooden, glass sealed

¢ Tethering indoors at night in the month prior to visiting the health facility
f Unable to read and write based on self-reporting

9 Continuous variables; summarized through median and IQR

Mantel-Haenszel analysis for proving co-factors

and interaction

The stratified analysis confirmed that there was no signif-
icant variation between stratum-specific ORs, indicating
no interaction between the predictors and HH elevation
or travel to malarious lowlands. Stratified analysis also
revealed no disparity between the pooled and adjusted
ORs, indicating that HH elevation was not a co-factor for
the effect of predictors on malaria. Nonetheless, travel to
malarious lowlands was a co-factor for the effects of age,
marital status, occupation, educational status, number of
rooms, travel history within the study area, HH member’s
travel to malarious lowlands, inappropriate HMM, IRS,
and HH elevation on malaria (Tables 5 and 6). Additional
table files show the determinants of malaria by HH eleva-
tion and travel to malarious lowlands (see Additional files
2 and 3).

Multivariable modelling through conditional logistic
regression

Multivariable adjustment established that travel to
malarious lowlands in the preceding month (adjusted

mOR=7.32; 95% CI 2.40-22.34), HH member travel
to malarious lowlands (adjusted mOR=2.75; 95%
CI 1.02-7.44), and delivery of health information on
malaria (adjusted mOR =1.57; 95% CI 1.03-2.41) were
independently associated with malaria heterogeneity
(Table 7).

Age of patients; marital status, occupation, and edu-
cational status of the patient/HH head; HH size; HH
wealth index; flooring, roofing, and wall building mate-
rials; number of rooms; separate kitchen; window types;
open eaves in the roof; tethering of cattle, goats, and
sheep at night; travel history within the study area; visits
to traditional healers; inappropriate HMM; LLIN owner-
ship; IRS; HH elevation; house proximity to health cen-
tre; house proximity to water body 1; house proximity to
water body 2; and house proximity to Lake Tana were not
significantly associated with malaria infection (p>0.05).
In other words, there were no significant differences
between cases and controls with respect to these charac-
teristics (Table 7).
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Table 2 Travel history and other behaviours among cases and controls in villages around Lake Tana, Ethiopia, October

2016-June 2017

Characteristic Malaria cases (n=303) Controls (n=303) Total Pearson’s X3/
n, % (95% CI) n, % (95% Cl) n, % (95% Cl) Fisher’s exact
test**

Travel to malarious lowlands® <0.0001
Yes 59,195 (154-24.3) 24,79 (54-11.6) 83,13.7(11.2-16.7)
No 244,80.5 (75.7-84.6) 279,92.1 (88.4-94.6) 523,86.3(83.3-88.8)

Frequency of travel to malarious lowlands (n=83) 0.714
One time 53,89.8 (78.7-95.5) 21,87.5 (65.5-96.3) 74,89.2 (80.2-94.3)
Two or three times 6,10.2 (4.5-21.3) 3,12.5(3.7-34.5) 9,108 (5.7-19.8)

Regular LLIN use during travels (n=283) 1.000
Yes 3,5.1(1.6-15.1) 1,4.2 (0.5-27.3) 4,48 (1.8-124)
No 56,94.9 (84.9-984) 23,958 (72.7-99.5) 79,95.2 (87.6-98.2)

Reason for travel (n=83) 1.000
To work temporarily/job seeking 53,89.8 (78.7-95.5) 22,91.7 (69.8-98.1) 75,904 (81.7-95.2)
Others® 6,102 (4.5-21.3) 2,83(1.9-30.2) 8,96 (4.8-183)

Travel history within the study area® 0.037
Yes 95,314 (26.4-36.8) 72,23.8(19.3-28.9) 167,27.6 (24.1-31.3)
No 208, 68.6 (63.2-73.6) 231,76.2 (71.1-80.7) 439,724 (68.7-75.9)

Regular LLIN use during travels (n=167) 0.398
Yes 9,9.5(4.9-174) 4,56(2.1-14.2) 13,78 (4.5-13.0)
No 86,90.5 (82.6-95.1) 68, 94.4 (85.8-97.9) 154,92.2 (87.0-95.5)

HH member travel to malarious lowlands® 0.001
Yes 29,9.6 (6.7-13.5) 9,3.0(1.5-5.6) 38,6.3 (4.6-85)
No 274,904 (86.5-93.3) 294,97.0 (94.4-98.5) 568, 93.7 (91.5-954)

Reason for travel (n=38) 0574
To work temporarily/job seeking 26,89.7 (70.9-96.9) 7,77.8(33.0-96.1) 33,86.8 (71.1-94.6)
Others® 3,103 (3.1-29.1) 2,222 (3.9-67.0) 5,132 (54-289)

Visiting traditional healers® 0412

Yes
No

55,182 (14.2-22.9)
248,81.8(77.1-85.8)

63,20.8 (16.6-25.8)
240,79.2 (74.2-83.4)

118,195 (16.5-22.8)
488, 80.5 (77.2-83.5)

** p<0.05 was considered statistically significant. The italics indicate statistically significant p-values

2 In the month prior to visiting the health centre

b For holy water, spiritual festivity, spiritual education, commercial issues, visiting friends and relatives, labour (playing music in resource rich areas of low lands)

¢ Spiritual healing, herbal remedy

Discussion

In this study, travel history to malarious lowlands in the
preceding month, having a HH member who travelled to
malarious lowlands in the preceding month, and delivery
of health information on malaria were statistically sig-
nificant and independent predictors of malaria in villages
near Lake Tana, northwest Ethiopia.

Individuals who travelled to malarious areas had higher
odds of malaria infection than those who did not travel.
This finding agrees with that of other studies in Ethio-
pia [7, 14] and in Zanzibar [47]. This may be due to the
susceptibility of travellers from the midlands to malaria
that progresses to severe symptomatic malaria, espe-
cially among those travellers who slept without personal

protective measures. Infection-naive individuals are
highly susceptible to malaria if exposed to an infectious
anopheles mosquito, particularly in hyper-endemic areas
[48]. The travels mainly take place during high malaria
transmission periods among people seeking temporal
job and engaging in social activities. This and other stud-
ies showed low chemoprophylaxis and LLIN use during
travels [7]. In the hot lowlands, many labourers sleep
outdoors and in open spaces without protection from
mosquitoes, resulting in high malaria exposure risk.
Large numbers of imported malaria cases have been
found in the northwestern Ethiopian highlands [7]. Thus,
imported malaria is a health risk besides locally acquired
malaria in midland villages around Lake Tana. This
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Table 3 Malaria intervention measures among cases and controls in villages around Lake Tana, Ethiopia, October 2016-

June 2017
Characteristic Malaria cases (n=303) Controls (h=303) Total Pearson’s X3/
n, % (95% Cl) n, % (95% ClI) n, % (95% Cl) Fisher’s exact
test**
House proximity to health 3.5(0.7-4.9) 3.8(1.2-5.5) 36(09-53) 0.065
centre (km)P
<5 233,76.9 (71.8-81.3) 213,703 (64.9-75.2) 446, 73.6 (69.9-77.0)
>5 70,23.1(18.7-28.2) 90, 29.7 (24.8-35.1) 160, 26.4 (23.0-30.1)
Received health information on malaria 0.011
Yes 123,40.6 (35.2-46.3) 93,30.7 (25.7-36.1) 216,35.6 (31.9-39.6)
No 180, 594 (53.7-64.8) 210,693 (63.9-74.3) 390, 64.4 (60.4-68.1)
LLIN ownership 0.186
None 203,67.0 (61.5-72.1) 218,719 (66.6-76.7) 421,69.5 (65.7-73.0)
1 LLIN/household 52,172 (13.3-21.9) 56,185 (14.5-23.3) 108,17.8 (15.0-21.1)
>2 LLINs/household 48,158 (12.1-204) 29,96 (6.7-13.5) 77,127 (10.3-15.6)
Slept under LLIN regularly in last 1 month (n=185)* 0.085
Yes 38,38.0(28.9-48.0) 43,506 (39.9-61.2) 81,438 (36.7-51.1)
No 62,62.0(52.0-71.1) 42,494 (38.8-60.1) 104, 56.2 (48.9-63.3)
LLIN(s) had holes/tear(s) (n=185) 0.603
Yes 39,39.0 (29.8-49.0) 30,353 (25.7-46.2) 69, 37.3 (30.6-44.6)
No 61,61.0 (51.0-70.2) 55,64.7 (53.8-74.3) 116,62.7 (55.4-69.4)
Period since the HH obtained LLIN(s ) n= 185) year) 0.723
<1 0(6.1-18.9) 8,94 (4.7-17.9) 19,10.3 (6.6-15.6)
>1 89,89.0 (81.1-93.9) 77,906 (82.1-95.3) 166, 89.7 (84.4-93.4)
Proper hanging of LLIN(s) (n=185) 0.747
Yes 72,72.0 (62.3-80.0) 63, 74.1 (63.6-82.5) 135,73.0 (66.1-78.9)
No 28,28.0(20.0-37.7) 22,259 (17.5-364) 50,27.0(21.1-33.9)
Is/are the LLIN(s) in good condition? (n=185)° 0.488
Yes 49,490 (39.2-58.9) 46, 54.1 (43.3-64.6) 95,514 (44.1-58.5)
No 51,51.0 (41.1-60.8) 39,459 (354-56.7) 90, 48.6 (41.5-55.9)
IRS 0.926
Yes 225,74.3 (69.0-78.9) 226,746 (69.4-79.2) 451,744 (70.8-77.8)
No 78,257 (21.1-31.0) 77,254 (20.8-30.6) 155,25.6 (22.3-29.2)
Plastering/painting after IRS (n=451) 0.351
Yes 27,120 (83-17.0) 21,93 (6.1-13.9) 48,106 (8.1-13.9)
No 198, 88.0 (83.0-91.7) 205,90.7 (86.1-93.9) 403,894 (86.1-91.9)

**p <0.05 was considered statistically significant. The italics indicate statistically significant p-values

2 Measured by service years of LLIN (aged if > 3 years), presence of tears/holes and proper hanging

b Continuous variables; summarized through median and IQR

duality of malaria origins is also indicated by the fact that
three-quarters of the malaria cases could not be traced to
the lowlands. This epidemiological situation points to a
critical obstacle to eliminating malaria through targeted
interventions.

Individuals who did not know malaria aetiology, trans-
mission, and prevention methods had an increased odds
of risk for malaria infection. The possible explanation
for this finding may be the low educational status of
the study population or delivery of malaria information

independent of educational status, which prevents them
from understanding and analysing the information pro-
vided to them by community health workers.

In the multivariable adjustment, sociodemographic
factors, HH wealth, housing structure, travel history
within the study area, visits to traditional healers, inap-
propriate HMM, LLIN ownership, IRS, HH elevation,
and house proximity to water bodies were not associated
with malaria. This might be due to low heterogeneity of
housing structure, socio-demographic status, HH wealth,
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Table 4 Household elevation and proximity to water bodies in villages around Lake Tana, Ethiopia, October 2016-June

<250
250-500
>500

10,3.3(1.8-6.0)
20,66 (4.3-10.0)
273,90.1

12,4.0(2.3-6.9)
15,50(3.0-8.1)
276,91.0(87.3-93.8)

22,36 (24-5.5)
35,58 (4.2-7.9)

2017
Variables Malaria cases (n=303) Controls (n=303) Total Pearson’s X%/
n, % (95% ClI) n, % (95% Cl) n, % (95% Cl) Fisher's exact
test**
HH elevation (m)? 1854 (1821-1907) 1846 (1818-1893) 1851 (1820-1904) 0426
1701-1900 224,739 (68.7-78.6) 230, 75.9 (70.7-80.4) 454,749 (713-78.2)
1901-2100 72,23.8(19.3-28.9) 70,23.1(18.7-28.2) 142, 234(202 27.0)
>2100 723(11—48) 310(03 3.0) .7 (0.9-3.0)
House proximity to Lake Tana (km)? 5 (54-9.5) .9 (5.3-8. 8) 8 (5.3-8.9) 0.720
<2 1859(38 9.3) 2376( 2) 41 68(50 9.1)
2-4 22,73 (4.8-10.8) 22,73 (4.8-10.8) 44,72 (54-96)
>4 263, 86.8 (82.5-90.2) 258,85.1 (807 88.7) 521,86.0 (83.0-88.5)
House proximity to water body 1 (m)® 823 (548-1372) 918 (530-1482) 858.5 (545-1417) 0.345
<250 18,5.9(3.8-9.3) 13,43 (25-7.3) 31, 51(36 7.2)
250-500 43,14.2 (10.7-18.6) 54,17.8(13.9-22.6) 0(13.3-19.2)
>500 242,799 (74.9-84.0) 236,779 (72.8-82.2) 478,789 (75.4-82.0)
House proximity to water body 2 (m)? 1770 (909-2343) 1783 (967-2432) 1776.5(932-2383) 0.634
( ( (
( ( (
( ( (

86.2-93.0)

549,90.6 (88.0-92.7)

**p <0.05 was considered statistically significant

2 Continuous variables; summarized through median and IQR

Table 5 Stratified analysis by HH elevation for predictors of malaria in villages around Lake Tana, Ethiopia, October

2016-June 2017

Variables COR [1750-2000 m] [2000-2500 m] Adjusted (Mantel-Haenszel)
OR OR ORyy 95% Cl X2 p value

Age 1 0.97 25 1.01 0.73-1.40 0.97 03237
Marital status 1.62 1.69 1.5 1.68 1.10-2.56 0.02 0.8792
Occupation 1.19 122 0.79 1.19 0.77-1.84 0.17 0.6762
Educational status 1.34 1.31 545 1.36 0.98-1.88 1.5 0.2205
HH size 1.1 1.08 1.75 1.1 0.80-1.52 0.35 0.5523
HH wealth index 1.29 1.29 1.24 1.29 091-1.82 0 0.9629
Roofing materials 0.62 0.6 1.25 0.62 0.32-1.19 0.24 0.6233
Open eaves in the roof 0.86 0.79 3.1 0.87 0.54-1.40 1.96 0.1615
Number of rooms 1.1 1.17 0.3 1.09 0.78-1.52 2.65 0.1035
Separate kitchen 1.09 1.13 0.7 1.1 0.79-1.53 0.36 0.5464
Tethering of cattle, goats and sheep 1.08 1.09 0.98 1.08 0.74-1.58 0.02 0.8995
Travel history to malarious lowlands 2.81 33 0.98 291 1.73-4.90 2.14 0.1436
Travel history within the study area 147 1.52 117 149 1.04-2.15 0.11 0.737
Visiting traditional healers 0.84 0.88 0.57 0.85 0.57-1.28 0.27 0.6019
HMM 1.14 1.15 138 117 0.70-1.94 0.05 0.8304
Received health education on malaria 1.54 1.55 143 1.55 1.10-2.17 0.01 09153
LLIN ownership 1.26 1.28 0.9 1.26 0.89-1.78 0.15 0.6984
IRS 0.98 0.95 0 0.94 0.63-1.39 0.77 0.3805
House proximity to health centre 0.71 0.7 1.1 0.71 0.49-1.04 0.26 0.6089
House proximity to water body 1 0.71 0.79 032 0.68 0.33-143 0.7 04024
House proximity to water body 2 1.21 113 1.71 1.19 0.50-2.81 0.09 0.7623

ORy, adjusted odds ratio using Mantel-Haenszel method, COR crude odds ratio, X2y,

Mantel-Haenszel Chi square value
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Table 6 Stratified analysis by travel to malarious lowlands for predictors of malaria in villages around Lake Tana,

Ethiopia, October 2016-June 2017

Variables COR Travel to malarious lowlands Adjusted (Mantel-Haenszel)

Travel history  No travel ORyy 95% Cl X2 p value

(OR) history (OR)
Age 1 0 0.82 0.8 0.57-1.13 1.02 03123
Marital status 1.62 093 145 132 0.86-2.04 0.66 04182
Occupation 1.19 1.34 092 0.99 0.63-1.57 0.41 0.5242
Educational status 1.34 1.24 1.21 1.21 0.88-1.68 0 0.9725
HH size 1.1 0.99 118 1.16 0.84-1.60 0.11 0.7423
HH wealth index 1.29 1.21 1.26 1.26 0.89-1.78 0.01 0.9375
Roofing materials 0.62 0.38 0.66 0.61 0.32-1.17 0.36 0.547
Open eaves in the roof 0.86 1.02 0.79 0.82 0.50-1.33 0.13 0.7152
Wall building materials 0.71 0 1.09 0.77 0.22-2.73 1.23 0.2669
Flooring materials 044 0 0.58 045 0.13-1.60 0.71 0401
Number of rooms 1.1 1.14 1.26 1.25 0.88-1.76 0.04 0.8482
Separate kitchen 1.09 09 1.04 1.02 0.73-143 0.08 0.7838
Tethering of cattle, goats and sheep 1.08 0.74 1.09 1.03 0.71-1.51 045 0.5
Travel history within the study area 147 0.29 118 1.03 0.68-1.56 3.08 0.0792
HH member travel to malarious lowlands 346 26 2.56 258 1.16-5.74 0 0.9841
Visiting traditional healers 084 0.93 0.79 0.8 0.53-1.22 0.08 0.7788
HMM 1.14 0.9 0.92 091 0.54-1.54 0 0.9821
Received health education on malaria 1.54 243 1.31 142 1.00-1.99 1.32 0.2508
LLIN ownership 1.26 1.07 1.16 1.15 0.80-1.64 0.02 0.8749
IRS 0.98 2.19 1 113 0.78-1.65 212 0.1453
HH elevation 08 0.28 093 067 0.32-1.40 2.05 0.1526
House proximity to health centre 0.71 0.56 0.75 0.73 0.50-1.05 0.25 06138
House proximity to Lake Tana 13 1.54 1.37 14 0.73-2.69 0.02 0.8918
House proximity to water body 1 0.71 0.98 0.73 0.77 0.37-1.62 0.09 0.7599
House proximity to water body 2 1.21 1.7 1.26 1.34 0.56-3.19 0.08 0.7812

OR,,, adjusted odds ratio using Mantel-Haenszel method, COR crude odds ratio, X?,,, Mantel-Haenszel Chi square value

proximity to water bodies, elevation of HHs, and deliv-
ery of inadequate information on treatment-seeking, bed
net use, and other preventive measures by Gondar Zuriya
District Health Office. Demographically, educational sta-
tus did not vary significantly between cases and controls.
This corroborates the findings of other studies in Ethiopia
[49] and in Gambia [9], although advancement in edu-
cation confers significant protection from malaria [50].
Occupation was not a significant predictor of malaria
infection. This may have been due to the small number of
non-agricultural workers in the study. However, another
study in the Ethiopian highlands showed that agricultural
workers were at elevated risk of malaria [7]. The differ-
ence in findings may be due to sample size. Interestingly,
marital status was marginally significantly associated
with malaria infection in bivariate analysis. This may be
because mostly unmarried males travel to the malarious
lowlands for work. In addition, unmarried people are

generally in poorer health and have a higher mortality
risk than married people [11].

In this study, HH size played no significant role in the
odds of contracting malaria. This finding is consistent
with that of other studies in Ethiopia [51] and Malawi [8].
Several studies associated larger HH size with malaria
[52]. HH wealth facilitates the management of illness,
and several studies reported better access to health care
by wealthier groups [12, 51]. Nonetheless, HH wealth had
no significant impact on malaria in this study.

Housing structure had no significant statistical asso-
ciation with malaria transmission, a finding also reported
in previous studies [8, 9]. However, researchers have
reported that individuals living in houses with mud walls
[13], thatched roofs [53], dung plastered floors [53], and
boarded windows had higher risk of malaria [9]. Sur-
prisingly, spatial malaria heterogeneity was not deter-
mined by fine-scale environmental factors, particularly
water bodies close to HHs. This study is in agreement
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Table 7 Determinants of malaria transmission dynamics in villages around Lake Tana, Ethiopia, October 2016-June 2017

Variables B Unadjusted p-value B Adjusted mOR (95% CI)® p-value
mOR?

Age (years) —0.02 0.98 0.125 —0.02 0.98 (0.95-1.01) 0.183
Marital status

Married 1 1

Single 0.52 1.68 0.057 031 1.37 (0.65-2.87) 0410

Divorced/widowed 0.68 197 0.101 0.64 1.89 (0.71-5.02) 0.200
Occupation

Farmer 1 1

Non-farmer —0.20 1.23 0.400 —023 0.79 (0.39-1.60) 0513
Educational status

llliterate 1 1

Able to read and write (informal) 032 1.38 0.163 038 146 (0.87-2.44) 0.151

Grade 1 to 12 completed 043 1.54 0.042 0.04 1.04 (0.62-1.73) 0.885

>12 —033 0.72 0.535 —0.53 0.59 (0.15-2.30) 0.447
HH wealth index

Poor 1 1

Medium 0.48 1.62 0.197 0.36 1.43(0.62-3.27) 0.400

Rich 0.26 1.29 0.162 0.21 1.24(0.82-1.88) 0316

Roofing materials

Corrugated iron 1 1

Thatch —0.56 0.57 0.122 —0.31 0.73(0.32-1.68) 0.459
Flooring materials

Cement and others 1 1

Dung plastered —0.81 0.44 0.177 —083 042 (0.11-1.78) 0.248
Travel to malarious lowlands

No 1 1

Yes 228 9.75 <0.0001 1.99 7.32 (240-22.34) <0.0001
Travel history within the study area

No 1 1

Yes 045 1.56 0.026 —003 0.97 (0.59-1.58) 0.900
HH member travel to malarious lowlands

No 1 1

Yes 1.35 3.86 0.001 1.01 2.75(1.02-7.44) 0.046
Received health information on malaria

No 1 1

Yes 0.46 1.59 0.010 0.45 1.57 (1.03-2.41) 0.037
LLIN(s) ownership

None 1 1

1 LLIN/household 0.07 1.07 0.674 0.11 1.12 (0.66-1.90) 0.684

> 2 LLINs/household 0.63 1.87 0.021 0.59 1.81 (0.95-3.46) 0.071
HH elevation (m)

1701-1900 1 1

1901-2100 034 1.40 0.355 —0.09 091 (0.36-2.31) 0.844

>2100 1.12 3.06 0.137 0.66 1.94 (0.30-12.49) 0.484
House proximity to health centre (km)

<5 1 1

>5 —034 0.71 0.069 —027 0.76 (049-1.18) 0.226
House proximity to water body 1 (m)

<250 1 1

250-500 —052 0.59 0.204 —0.18 0.84 (0.30-2.32) 0.734




Malede et al. Malar J (2018) 17:290

Table 7 (continued)
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Variables B Unadjusted p-value B Adjusted mOR (95% ClI)® p-value
mOR?

>500 —0.28 0.75 0.459 —0.03 0.97 (0.38-2.47) 0.950
House proximity to water body 2 (m)

<250 1 1

250-500 0.44 1.55 0.409 0.59 1.81 (0.50-6.57) 0.365

>500 0.14 1.15 0.740 039 148 (0.51-4.32) 0475
House proximity to Lake Tana (km)

<2 1 1

2-4 0.28 1.32 0.552 0.28 1.33(0.46-3.81) 0.596

>4 029 133 0.399 037 1.45 (0.66-3.16) 0353

B: beta coefficients/regression coefficients. p <0.05 was considered statistically significant. The italics indicate statistically significant p-values

Unadjusted mOR: Unadjusted matched odds ratio; adjusted mOR: adjusted matched odds ratio; 1: Reference category

@ Denotes unadjusted mOR using 95% Cl in bivariate conditional logistic regression analysis from matched case-control pairs

b Denotes adjusted mOR using 95% Cl in multivariable conditional logistic regression analysis from matched case-control pairs

with a study that stated malaria incidence was not asso-
ciated with distance to an Ethiopian dam reservoir [22].
Two other studies in Ethiopia reported that the odds of
malaria infection were lower in HHs closer to reservoirs
than those at greater distances [20, 21]. On the other
hand, numerous studies have found large numbers of
malaria cases in HHs near various types of water bodies
[16, 18, 19]. Possible reasons for these contradictory find-
ings may be differences in the use of LLINs or IRS, soci-
oeconomic and environmental factors in populations,
vulnerabilities or transmission dynamics, differential
health services accessibility, or imported malaria cases.

In this study, LLIN ownership and IRS had no signifi-
cant effect on malaria prevalence. This finding is similar
to that of studies revealing that LLIN ownership and use
as well as indoor wall spraying did not protect against
malaria [7, 9, 20, 25]. However, other studies reported a
protective effect of bed nets and IRS on malaria [8, 15,
25, 53]. The difference may be due to failure to use LLINs
properly and consistently, inadequacy or poor condition
of LLINSs, or failure to use them during travel. As a result,
the protective effect of LLINs could have been negated
[33]. Besides, imported malaria, human activities at night
outside the home, the spread of insecticide-resistant vec-
tors, and spraying by untrained individuals and substand-
ard insecticides may have reduced the protective effect of
IRS.

A matched case—control study was used to eliminate
the confounding effects of sex and age, which solidified
the conclusions and recommendations. Matched case—
control studies have minimal bias relative to cross-
sectional and unmatched case—control designs because
they compare groups internally. The water bodies prox-
imate to the HHs were georeferenced through direct

ecological surveys to increase measurement accuracy
despite accessible satellite imagery. To avoid informa-
tion bias, data collectors were blinded to the malaria
status of patients during onsite data collection at the
HH level. All other measurements of exposure variables
were performed at home through interviews and direct
observations. Stratified analyses and multivariable con-
ditional logistic regression were used to control con-
founding and report interaction effects.

This study has several limitations. It is difficult to
establish temporal relationships between exposures
and malaria. Employing PCD to measure the effect
of house proximity to water bodies on spatial malaria
heterogeneity was not efficient due to the presence of
asymptomatic and submicroscopic parasite carriers
and the treatment of malaria by drug vendors, private
clinics, and health posts [50], which were not studied.
The asymptomatic parasite carriage may influence the
risk factor analysis, especially if the reservoirs occur
more often in controls than in cases. This study failed
to obtain information on the size and nature of water
bodies. Case and control selection from health insti-
tutions can be prone to bias since patients usually do
not represent the general population. Recall bias could
have been introduced during travel history measure-
ment. The unmeasured residuals were not controlled
but the effect on the finding is marginal. Moreover, due
to unrest in the study area, the study did not include
the month of September, at the end of the main rainy
season, when more imported and locally acquired
malaria cases occur in northwestern Ethiopia [54]. Even
though this is a low transmission setting, travel history
associated with malaria does not necessarily identify
imported cases.
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These study findings emphasize the fact that compre-
hending the sociodemographic characteristics of indi-
viduals who travel to malarious lowlands, travel patterns
in individual villages, adequacy of health information
on malaria, and taking into account the potential vector
breeding sites in mid-altitude villages are central to facili-
tating malaria elimination strategies.

Conclusions

Seasonal and other short-term migration to commercial
agricultural farms in the malarious Ethiopian lowlands
is a significant independent risk factor for malaria infec-
tion in villages around Lake Tana. In addition, inadequate
health information on malaria and marital status, appar-
ently related to the predominance of unmarried young
males migrating to the lowlands, are risk factors for
malaria infection. There is a need for studies to explore
risk factors of imported malaria and locally acquired
malaria independently in the midlands of northwestern
Ethiopia. In addition, information is needed on the trans-
mission dynamics of imported malaria in the midlands.
This information is critical for designing effective and
integrated interventions that consider imported malaria
cases and approaches to accessing health information on
malaria control in northwest Ethiopia and other high-
land/lowland transitional areas.

Additional files

Additional file 1. Study kebeles characteristics. a) A section of the study
area bordering Lake Tana. b) A stagnant water potential for Anopheles
mosquitoes breeding. c) Use of LLINs for protection of straw. d) An LLIN
they showed packed in its plastic bag.

Additional file 2. Characteristics of determinants of malaria by HH eleva-
tion in villages around Lake Tana, Ethiopia, October 2016-June 2017.

Additional file 3. Characteristics of determinants of malaria by travel to
lowlands in villages around Lake Tana, Ethiopia, October 2016-June 2017.

Abbreviations

ACT: artemisinin-based combination therapy; AOR: adjusted odds ratio; COR:
crude odds ratio; HH: household; HMM: home based management malaria;
IQR: interquartile range; IRS: indoor residual spraying; LLINs: long-lasting insec-
ticidal nets; MDG: Millennium Development Goals; mOR: matched odds ratio;
PCA: principal component analysis; PCD: passive case detection; RDTs: rapid
diagnostic tests; WHO: World Health Organization.

Authors’ contributions

AM, KA, MA and HK conceived and designed the study; AM conducted the
data collection; AM and KA conducted data management and data analysis;
AM, KA, MA, SR and HK wrote and edited the manuscript. All authors read and
approved the final manuscript.

Author details

! Ethiopian Institute of Water Resources, Addis Ababa University, Addis Ababa,
Ethiopia. 2 Department of Epidemiology and Biostatistics, Institute of Public
Health, University of Gondar, Gondar, Ethiopia. > Department of Medical Para-
sitology, School of Biomedical & Laboratory Sciences, University of Gondar,

Page 16 of 17

Gondar, Ethiopia. * Department of Epidemiology and Biostatistics, University
of California, San Francisco, USA.

Acknowledgements

We are grateful to Gondar Zuriya District Office for cooperation facilitating
the research activities. We also appreciate the University of Gondar Research
Center for providing GPS devices. We also want to thank the data collectors
and supervisors for their diligent work, and the study participants for their
time and cooperation. Ann Byers kindly edited the manuscript at short notice.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Data and all the materials will be available from the corresponding author
upon request.

Consent for publication
Not applicable.

Ethics approval and consent to participate

The study protocol was approved by the Ethiopian Institute of Water
Resources, Addis Ababa University Institutional Review Board, and the Ethical
Review Committee of Wollo University. Informed assent was secured from the
caregivers/guardians of study subjects < 18 years of age. Study participants
aged > 18 years gave their informed consent after having the nature of the
study explained to them. For illiterate caregivers/guardians and participants,
thumb-printed consent was obtained in the presence of an independent liter-
ate witness. Participation in the study was voluntary and confidentiality of the
information was assured during as well as after data collection. Malaria cases
were treated according to national guidelines.

Funding

Funding for this study was provided by the Ethiopian Institute of Water
Resources, Addis Ababa University, and Wollo University. The funders of the
study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 5 May 2018 Accepted: 30 July 2018
Published online: 10 August 2018

References

1. WHO. World malaria report 2017. Geneva: World Health Organization;
2017. http://apps.who.int/iris/bitstream/10665/259492/1/9789241565
523-eng.pdf. Accessed 9 Feb 2018.

2. WHO. Global technical strategy for malaria (2016-2030). Geneva: World
Health Organization; 2015. http://www.truevaluemetrics.org/DBpdfs/
Health/Malaria/WHO/WHO-Global-Malaria-Programme-GTS-and-AlM-
Board-May-2015.pdf. Accessed 7 Sept 2015.

3. Lindblade KA, Steinhardt L, Samuels A, Kachur SP, Slutsker L. The silent
threat: asymptomatic parasitemia and malaria transmission. Expert Rev
Anti Infect Ther. 2013;11:623-39.

4. BousemaT, Griffin JT, Sauerwein RW, Smith DL, Churcher TS, Takken W,
et al. Hitting hotspots: spatial targeting of malaria for control and elimina-
tion. PLoS Med. 2012;9:21001165.

5. EPHI. Ethiopian national malaria indicator survey 2015. Addis Ababa:
Ethiopian Public Health Institute; 2016. https://www.ephi.gov.et/image
s/pictures/download2009/MIS-2015-Final-Report-December-_2016.pdf.
Accessed 20 Feb 2018.

6. WHO. World malaria report 2015. Geneva: World Health Organization;
2015. http//www.who.int/malaria/publications/world-malaria-repor
t-2015/WMR2015.pdf. Accessed 10 Feb 2016.


https://doi.org/10.1186/s12936-018-2434-y
https://doi.org/10.1186/s12936-018-2434-y
https://doi.org/10.1186/s12936-018-2434-y
http://apps.who.int/iris/bitstream/10665/259492/1/9789241565523-eng.pdf
http://apps.who.int/iris/bitstream/10665/259492/1/9789241565523-eng.pdf
http://www.truevaluemetrics.org/DBpdfs/Health/Malaria/WHO/WHO-Global-Malaria-Programme-GTS-and-AIM-Board-May-2015.pdf
http://www.truevaluemetrics.org/DBpdfs/Health/Malaria/WHO/WHO-Global-Malaria-Programme-GTS-and-AIM-Board-May-2015.pdf
http://www.truevaluemetrics.org/DBpdfs/Health/Malaria/WHO/WHO-Global-Malaria-Programme-GTS-and-AIM-Board-May-2015.pdf
https://www.ephi.gov.et/images/pictures/download2009/MIS-2015-Final-Report-December-_2016.pdf
https://www.ephi.gov.et/images/pictures/download2009/MIS-2015-Final-Report-December-_2016.pdf
http://www.who.int/malaria/publications/world-malaria-report-2015/WMR2015.pdf
http://www.who.int/malaria/publications/world-malaria-report-2015/WMR2015.pdf

Malede et al. Malar J (2018) 17:290

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Alemu K, Worku A, Berhane Y, Kumie A. Men traveling away from home are
more likely to bring malaria into high altitude villages, northwest Ethiopia.
PLOS ONE. 2014;9:€95341.

Townes LR, Mwandama D, Mathanga DP, Wilson ML. Elevated dry-season
malaria prevalence associated with fine-scale spatial patterns of envi-
ronmental risk: a case—control study of children in rural Malawi. Malar J.
2013;12:407.

Okebe J, Mwesigwa J, Kama EL, Ceesay SJ, Njie F, Correa S, et al. A compara-
tive case control study of the determinants of clinical malaria in the Gambia.
Malar J. 2014;13:306.

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

Robards J, Evandrou M, Falkingham J, Vlachantoni A. Marital status, health
and mortality. Maturitas. 2012,73:295-9.

Samadoulougou S, Maheu-Giroux M, Kirakoya-Samadoulougou F, De
Keukeleire M, Castro MC, Robert A. Multilevel and geo-statistical modeling
of malaria risk in children of Burkina Faso. Parasit Vectors. 2014;7:1-13.
Coleman M, Coleman M, Mabaso ML, Mabuza AM, Kok G, Coetzee M, et al.
Household and microeconomic factors associated with malaria in Mpuma-
langa, South Africa. Trans R Soc Trop Med Hyg. 2010;104:143-7.

Yukich JO, Taylor C, Eisele TP, Reithinger R, Nauhassenay H, Berhane Y, et al.
Travel history and malaria infection risk in a low-transmission setting in
Ethiopia: a case control study. Malar J. 2013;12:33.

West PA, Protopopoff N, Rowland M, Cumming E, Rand A, Drakeley C, et al.
Malaria risk factors in northwest Tanzania: the effect of spraying, nets and
wealth. PLoS ONE. 2013;8:€65787.

Cohen JM, Dlamini S, Novotny JM, Kandula D, Kunene S, Tatem AJ. Rapid
case-based mapping of seasonal malaria transmission risk for strategic
elimination planning in Swaziland. Malar J. 2013;12:61.

ShiQ-Q, Cheng P, Zhang C-X, Guo X-X, Liu L-J, Wang H-F, et al. Epidemiologi-
cal analysis of 133 malaria cases in Shanxian county, Shandong Province,
China. Asian Pac J Trop Dis. 2017;10:802-7.

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

Nissen A, Cook J, Loha E, Lindtjern B. Proximity to vector breeding site and
risk of Plasmodium vivax infection: a prospective cohort study in rural Ethio-
pia. Malar J. 2017;16:380.

Gosoniu L, Msengwa A, Lengeler C, Vounatsou P. Spatially explicit burden
estimates of malaria in Tanzania: Bayesian geostatistical modeling of the
malaria indicator survey data. PLoS ONE. 2012;7:223966.

Sena L, Deressa W, Ali A. Dynamics of Plasmodium falciparium and Plas-
modium vivax in a micro-ecological setting, Southwest Ethiopia: effects of
altitude and proximity to a dam. BMC Infect Dis. 2014;14:625.

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

Dambach P Machault V, Lacaux J-P, Vignolles C, Sié A, Sauerborn R. Utiliza-
tion of combined remote sensing techniques to detect environmental
variables influencing malaria vector densities in rural West Africa. Int J Health
Geogr.2012;11:1.

Ferguson HM, Dornhaus A, Beeche A, Borgemeister C, Gottlieb M, Mulla MS,
et al. Ecology: a prerequisite for malaria elimination and eradication. PLoS
Med. 2010,7:¢1000303.

Loha E, Lunde TM, Lindtjern B. Effect of bednets and indoor residual spray-
ing on spatio-temporal clustering of malaria in a village in south Ethiopia: a
longitudinal study. PLoS ONE. 2012;7:e47354.

Rosas-Aguirre A, Ponce OJ, Carrasco-Escobar G, Speybroeck N, Contreras-
Mancilla J, Gamboa D, et al. Plasmodium vivax malaria at households: spatial
clustering and risk factors in a low endemicity urban area of the Northwest-
ern Peruvian coast. Malar J. 2015;14:176.

Wangdi K, Kaewkungwal J, Singhasivanon P, Silawan T, Lawpoolsri S, White
NJ. Spatio-temporal patterns of malaria infection in Bhutan: a country
embarking on malaria elimination. Malar J. 2011;10:89.

CSA. National population and housing census of Ethiopia: population
projection of Ethiopia for all Regions, at Wereda level from 2014-2017.
Ethiopian Central Statistics Agency. http://www.csa.gov.et. Accessed 25 Apr
2016.

NMA. Annual weather report 2016. National Meteorology Agency of Ethio-
pia. http//www.ethiomet.gov.et/. Accessed 20 Jan 2018.

30.

3.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Page 17 of 17

Alemu A, Muluye D, Mihret M, Adugna M, Gebeyaw M. Ten year trend analy-
sis of malaria prevalence in Kola Diba, North Gondar, Northwest Ethiopia.
Parasit Vectors. 2012;5:173.

Alemu A, Fuehrer H-P, Getnet G, Tessema B, Noed| H. Plasmodium ovale
curtisi and Plasmodium ovale wallikeri in Northwest Ethiopia. Malar J.
2013;12:346.

Asmare Y, Tekie H, Seyoum E. Effective utilization period of long-lasting
insecticide treated nets against malaria vector mosquitoes and the species
composition in Northwest Ethiopia. Ethiop J Biol Sci. 2011;10:1.

Animut A, Lindtjern B. Use of epidemiological and entomological tools in
the control and elimination of malaria in Ethiopia. Malar J. 2018;17:26.
Mohamed Y, Van den Hurk B, Savenije H, Bastiaanssen W. Hydroclimatol-
ogy of the Nile: results from a regional climate model. Hydrol Earth Syst Sci.
2005;9:263-78.

Schlesselman J, Stolley P. Case—control studies: design, conduct, analysis. 3rd
ed. New York: Oxford University Press; 1982.

WHO. Parasitological confirmation of malaria diagnosis: report of a WHO
technical consultation. Geneva: World Health Organization; 2009. http://
apps.who.int/iris/bitstream/10665/44323/1/9789241599412_eng.pdf.
Accessed 4 Mar 2015.

Cheesbrough M. District laboratory practice in tropical countries. 2nd ed.
New York: Cambridge University Press; 2009.

Ragan DM. Structural geology: an introduction to geometrical techniques.
4th ed. New York: Cambridge University Press; 2009.

EscamillaV, Chibwesha CJ, Gartland M, Chintu N, Mubiana-Mbewe M,
Musokotwane K, et al. Distance from household to clinic and its associa-
tion with the uptake of prevention of mother-to-child HIV transmission
regimens in rural Zambia. J Acquir Immune Defic Syndr. 2015;70:€94.

Mala AO, Irungu LW, Shililu JI, Muturi EJ, Mbogo CC, Njagi JK, et al. Dry sea-
son ecology of Anopheles gambiae complex mosquitoes at larval habitats

in two traditionally semi-arid villages in Baringo, Kenya. Parasit Vectors.
2011;4:25.

Zinszer K, Charland K, Kigozi R, Dorsey G, Kamya MR, Buckeridge DL.
Determining health-care facility catchment areas in Uganda using data on
malaria-related visits. Bull World Health Organ. 2014;92:178-86.

Viyas S, Kumaranayake L. Constructing socio-economic status indices: how
to use principal components analysis. Health Policy Plan. 2006,21:459-68.
Krefis AC, Schwarz NG, Nkrumah B, Acquah S, Loag W, Sarpong N, et al. Prin-
cipal component analysis of socioeconomic factors and their association
with malaria in children from the Ashanti Region, Ghana. Malar J. 2010;9:201.
CSA and ICF. Ethiopia demographic and health survey 2011. Addis Ababa:
Ethiopia and Calverton, Maryland, USA, Central Statistical Agency and ICF
International; 2012. https.//www.unicef.org/ethiopia/ET_2011_EDHS.pdf.
Accessed 6 Feb 2015.

Aschengrau A, Seage GR. Essentials of epidemiology in public health. 3rd
ed. Boston: Jones & Bartlett Publishers; 2013.

Avalos M, Pouyes H, Grandvalet Y, Orriols L, Lagarde E. Sparse conditional
logistic regression for analyzing large-scale matched data from epidemio-
logical studies: a simple algorithm. BMC Bioinformatics. 2015;16(Suppl 6):S1.
Le Menach A, Tatem AJ, Cohen JM, Hay SI, Randell H, Patil AP, et al. Travel risk,
malaria importation and malaria transmission in Zanzibar. Sci Rep. 2011;1:93.
Offiah SA, Ekperi O, Igwe F, Nwosu S. Malaria in non-immune travelers: a
case report and reminder for increased awareness of the problem. J Med
Invest Pract. 2014;,9:160-4.

Peterson |, Borrell LN, EI-Sadr W, Teklehaimanot A. Individual and household
level factors associated with malaria incidence in a highland region of
Ethiopia: a multilevel analysis. Am J Trop Med Hyg. 2009;80:103-11.

Worku L, Damtie D, Endris M, Getie S, Aemero M. Asymptomatic malaria
and associated risk factors among school children in Sanja town, Northwest
Ethiopia. Int Sch Res Notices. 2014;2014:6.

Graves PM, Richards FO, Ngondi J, Emerson PM, Shargie EB, Endeshaw T,

et al. Individual, household and environmental risk factors for malaria infec-
tion in Amhara, Oromia and SNNP regions of Ethiopia. Trans R Soc Trop Med
Hyg. 2009;103:1211-20.

Huldén L, McKitrick R, Huldén L. Average household size and the eradication
of malaria. J R Stat Soc Ser A Stat Soc. 2014;177:725-42.

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

Alemu K, Worku A, Berhane Y, Kumie A. Spatiotemporal clusters of malaria
cases at village level, Northwest Ethiopia. Malar J. 2014;13:223.


http://www.csa.gov.et
http://www.ethiomet.gov.et/
http://apps.who.int/iris/bitstream/10665/44323/1/9789241599412_eng.pdf
http://apps.who.int/iris/bitstream/10665/44323/1/9789241599412_eng.pdf
https://www.unicef.org/ethiopia/ET_2011_EDHS.pdf

Older under-five children were at risk of local malaria infections in northwest Ethiopia
where Anopheles gambiae complex and Anopheles pharoensis dominate

Asmamaw Malede'*, Kassahun Alemu?, Mulugeta Aemero’, Sirak Robele Gari', Wondmeneh Jemberie®,
Helmut Kloos’

'Asmamaw Malede; Ethiopian Institute of Water Resources, Addis Ababa University, Addis Ababa,

Ethiopia. Email: coolmaldinni@gmail.com

*Kassahun Alemu; Department of Epidemiology and Biostatistics, Institute of Public Health, University

of Gondar, Gondar, Ethiopia. Email: kassalemu@gmail.com

*Mulugeta Aemero; Department of Medical Parasitology, School of Biomedical & Laboratory Sciences,

University of Gondar, Gondar, Ethiopia. Email: bmeskel@gmail.com

'Sirak Robele; Ethiopian Institute of Water Resources, Addis Ababa University, Addis Ababa, Ethiopia.

Email: sirakr@gmail.com

*Wondmeneh Jemberie; Department of Biology, College of Natural & Computational Sciences,

University of Gondar, Gondar, Ethiopia. Email: wondmeneh12@gmail.com

*Helmut Kloos; Department of Epidemiology and Biostatistics, University of California, San Francisco,

USA. Email: helmutk@comecast.net

*corresponding author
Abstract

Background: Malaria causes 10% of the deaths among under-five children in sub-Saharan Africa. In
northwest Ethiopia, dominant vector species, effect of age and house proximity to water bodies on local
malaria among under-five children needs further study. This study aimed to find the association between
local malaria and house proximity to water bodies and other selected potential predictors among under-
five children and identify malaria vectors in meso-endemic villages around Lake Tana, northwest
Ethiopia.

Methods: A health institution-based matched case-control study was conducted from October 10, 2016,


mailto:coolmaldinni@gmail.com
mailto:kassalemu@gmail.com
mailto:bmeskel@gmail.com
mailto:sirakr@gmail.com
mailto:wondmeneh12@gmail.com
mailto:helmutk@comcast.net

to June 30, 2017. A total of 162 (81 case-control pairs) were included in the study. Households for cases
and controls, proximate water bodies, and larvae survey sites were geo-referenced. A pre-tested and semi-
structured questionnaire was used to collect data. Anopheles mosquito larvae sampling was done from
April 30, 2017, to June 24, 2017, from seven potential breeding sites using the standard dipping method.
Collected larvae were reared to adulthood at an insectary. Each adult was individually identified at the
species and species complex levels using standard adult mosquito morphological identification keys.
Multivariable conditional logistic regression was employed to identify predictors.

Results: About 60 (74.1% [63.2-82.6]) malaria infections were Plasmodium vivax mono-infections,
followed by 21 (25.9% [17.4-36.8]) P. falciparum mono-infections. Children aged 36-59 months
(adjusted mOR = 3.88; 95% CI: 1.55-9.74) were at increased risk of malaria. Water body presence within
a 500m radius was not a statistically significant predictor of local malaria. Of 1,197 adult anophelines,
Anopheles pretoriensis was the predominant species (327, 27.3%) followed by An. gambiae complex
(308, 25.7%) and An. christyi (147, 12.3%). An. pharoensis and An. funestus group were also identified.
Conclusions: Older under-five children were at risk of local malaria in meso-endemic villages around
Lake Tana, where both the primary and secondary malaria vectors of Ethiopia, are distributed. This age
group needs attention in protecting them from mosquito bites. Identification of malaria vectors needs to
be the first step to design vector control interventions for malaria control and elimination in meso-
endemic settings.

Keywords/phrases: Local malaria, older under-five children, malaria vectors, northwest Ethiopia
Background

Malaria is a life-threatening disease transmitted through the bite of female Anopheles mosquitoes and
poses a high health risk to under-five children. Globally, 70% of the deaths occurred in under-five
children in 2015. Malaria causes 10% of the deaths among under-five children in sub-Saharan Africa [1].
Since 2010, under-five deaths decreased by 29%, despite that, malaria still claims the life of a child every

2 minutes [1]. Malaria is an important health concern for Ethiopia. Ethiopia has made remarkable



progress in reversing the burden of malaria during the last two decades. In 2015 malaria indicator
survey (MIS) by microscopy, malaria prevalence was reported to be 0.6% in malarious areas among
under-five children and 1.8% in children 36-59 months of age (older under-fives). Amhara National
Regional State had 1% of all malaria cases among under-five children in the same year [2]. Malaria
deaths and admissions dropped by 81% and 73% in under-five children, respectively after the scale-up of
malaria interventions between 2006 and 2011 [3]. In 2015 MIS, 45% of under-five children used long-
lasting insecticidal nets (LLINs) in the night before the survey in malarious areas while 54% of under-five
children slept under a LLIN in Amhara National Regional State [2]. In 2015, the Ethiopian Federal
Ministry of Health (FMOH) reaffirmed the plan to achieve malaria elimination by 2020 in low
transmission areas of Ethiopia [4]. Despite the fact that malaria is no longer the number one cause of
death in Ethiopia [5], it is still a major cause of morbidity, especially in under-five children.

House proximity to breeding sites is a factor in malaria transmission that needs to be considered on the
design of intervention strategies in micro-planning activities for malaria elimination. Nonetheless, house
proximity to water bodies has an inconsistent influence on malaria transmission. Some studies have
concluded that closeness to water bodies increases malaria risk [6-9] while others have reported lower
risk near surface water [10, 11]. Some researchers have asserted that malaria risk is independent of house
proximity to water bodies [12]. On the other hand, some studies have indicated a greater dependence of
households (HHs) malaria risk on local topographic wetness indices than land uses and land covers [13].
The average flight range of the main vector in Africa, Anopheles gambiae, is reported to be approximately
500m [14]. Thus, a 500m buffer around each HH location is applied, and the water bodies within this
buffer zone are used to define exposure [14, 15]. In addition, a number of studies have associated
increased age with high malaria prevalence among under-five children [16-21]. In high transmission
areas, children develop age-related immunity due to continuous exposure to infective mosquito bites [22,
23]. On the other hand, LLIN use varies among under-five children, with younger children using them
slightly more often than older children [2].

An. arabiensis, An. pharoensis, An. funestus, and An. nili have been the dominant vector species (DVS) in
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Ethiopia [8, 24, 25]. An. arabiensis is the main vector of malaria whereas An. pharoensis, An. funestus
and An. nili are secondary vectors [26-28]. An. arabiensis is the only malaria vector from the An. gambiae
complex involved in malaria transmission in Ethiopia [8, 26, 29]. An. pharoensis has a sympatric
distribution with An. arabiensis and An. funestus, whereas An. nili has a much more restricted ecological
niche [24].

Anopheles mosquitoes breed at the river and stream edges, in temporary rain pools, in ponds, dams,
drainage ditches, burrow pits, rice fields, swamp margins and roadside puddles, and in tree holes close to
human dwellings [30-32]. An. arabiensis commonly breeds in small, temporary, sunlit, clear, and shallow
fresh water pools, although it also breeds in a variety of other habitats including slow flowing, partially
shaded streams, large and small natural and man-made habitats, turbid waters, and brackish habitats. Its
density is seasonal across Ethiopia, increasing during the wet months [24, 28]. An. pharoensis mostly
inhabits lakes and reservoirs. It breeds in large, vegetated swamps, lakeshores, floating plants, rice fields,
streams, ditches and overgrown wells [24, 27, 33]. An. funestus breeds in a large, permanent or semi-
permanent fresh water with emergent vegetation, such as swamps, large ponds, and lake edges [24, 33].
Both An. arabiensis and An. pharaoensis have been found breeding in regions up to 3000 meters above
sea level (masl) [26, 34].

To date, the effect of house proximity to water bodies on local malaria based on the average flight range
of anophelines with matched case-control study has not yet been assessed. The effect of house proximity
to water bodies on malaria can be measured in under-five children who do not normally travel for
temporary work in areas where malaria is transmitted. This method of measurement can identify imported
cases [35]. Moreover, the effect of child age on local malaria has not been investigated using the above
design among under-five children in the Ethiopian context. The DVS responsible for local malaria
transmission have not been identified in Gondar Zuriya District. Prior to malaria case management for
transmission control and elimination, understanding and managing the modifiable risk factors is key to
reducing malaria incidence among under-five children [36]. Few studies have been carried out to identify
modifiable risk factors for local malaria among under-five children in northwest Ethiopia. In particular,
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information on the effect of geographical positioning system (GPS)-based house proximity to water
bodies and child age on local malaria is lacking. Exploring the effect of various types of water bodies
close to HHs on local malaria at the community level may help to deliver more efficient interventions
[37].

There is no matched case-control study in Ethiopia that explores the determinants of local malaria among
under-five children and identifies the malaria vectors. Thus, this study aimed to determine the effect of
house proximity to water bodies and other risk factors on local malaria among under-five children and
identify malaria vectors in meso-endemic villages around Lake Tana, northwest Ethiopia. The results can
be utilized by malaria elimination programs to target their efforts on eradicating local malaria in under-

five children in Ethiopia.
Methods

Study area, design and population

Health institution-based 1:1 matched case-control study was carried out in 11 kebeles (the smallest
administrative units in Ethiopia) of Gondar Zuriya District and 1 kebele of Dembia District, northwest
Ethiopia, from October 10, 2016 to June 30, 2017. The major malaria transmission season follows the
June—September rain, occurring between September and December, while the minor transmission season
occurs between April and May, following the February—March rain. Filling with earth and drainage of
larval breeding sites, removal of temporary water containment materials and cutting grasses are practiced
for larval control in the study area. The characteristics of the study area and settings are described in
detail elsewhere [35].

Individual matching by sex was carried out for cases and controls. Under-five children (5-59 months old)
who were permanent residents of the study kebeles and who visited Lemba and Makesegnit health centers
were enrolled as cases and controls. Cases were patients who had signs and symptoms of malaria or
reported fever during the previous 48 hours and were positive for single- or mixed-Plasmodium species in

a blood sample examined microscopically [38]. Controls were individuals presenting at the health centers



whose thick blood smear tests were negative for malaria. When a malaria case was found, a matched
control was obtained by confirming the clinical diagnosis and slide results within 3 days the case was
diagnosed.

Sample size computation

Sample size was computed using matched case-control study design sample size calculation methods [39]
with an assumption of 95% confidence level, 80% power to detect exposure differences, odds ratio (OR)
of 2.37, one control per case, and assuming that 30% of the control HHs were located within a 500m
radius of water bodies [9]. A total of 180 (90 case-control matched pairs) under-five children could be
included in the study. The power for the actual sample size was found to be 77%, which is almost similar
with the commencement of the study.

Data collection and quality assurance

Microscopy was used to confirm the presence of Plasmodium species for the febrile under five children
[38]. Confirmation of positivity or negativity of slide results was assured using standard operating
procedures of Giemsa stained malaria microscopy at the health centers. Thick blood film was used to
diagnose malaria parasites and thin film to confirm the malaria parasite species when this could not be
done in the thick film. Experienced microscopists certified by the FMOH double read all the slides at the
health centers and a senior technician at the University of Gondar Specialized Hospital Laboratory blindly
examined three-quarter of the slides for quality control. Discordant results were re-read by a third senior
microscopist and this result was taken as the final result.

A pre-tested and semi-structured questionnaire was used to collect data on socio-demography, HH wealth
indicators, housing, LLINs, indoor residual spraying (IRS), travel history, visits to traditional healers,
inappropriate home-based management of malaria (HMM), and awareness regarding malaria. If any case
or control was absent at the first visit, the HH was revisited within two days. After the second visit, seven
HHs were excluded and six subjects refused to be interviewed. Besides, study subjects were excluded

because they could not be contacted at the addresses they gave during diagnosis, the difficulty of getting



matched controls for cases within 3 days, or refused to enroll.

Geographic coordinate readings (latitude, longitude) and altitude of case HHs, control HHs, water bodies,
larval sampling habitats, and health centers were obtained with a handheld GPS device (Garmin’s
GPSMAP 60CSx, Garmin International Inc., USA) with an accuracy goal of 5m. Field data collectors
were blinded to the malaria status of the enrolled under-five children.

Larval collection, rearing and morphological identification

Anopheles mosquito larvae were collected from April 30, 2017 to June 24, 2017 at Sara Wonez and
Ferkit, Adiga, Woyenareb, Barengua and Kanuye, Ferenji Wuha, Derchit, and Embileba breeding sites
with three rounds in the study area (Fig. 1 and Additional file 1). The four Anopheles mosquito
stages/instars I, I, I11, IV were collected from natural and man-made breeding sites (Fig. 2 and Additional
file 1). The sampling was done using the standard dipping method according to World Health
Organization WHO procedures [40]. Ten to 13 dips were taken depending on the surface area of the larval
habitat, at intervals. Samplings were done by the same individual in the morning (800-1200 h) for about
30 minutes at each larval habitat. The larvae were immediately preserved in plastic jugs and taken to a
laboratory for rearing [40].

In the laboratory, homogenous larvae were separated and allowed to acclimatize in deionised water. In the
laboratory, larvae were provided with finely powdered Tetramin® fish food (fishkeeping, Melle,
Germany) at 3:1 ratio as a source of food. The rearing of anophelines was maintained at 27+1°C, 65-70%
relative humidity, and a photoperiod of 12-hour light and 12-hour dark in the laboratory. The adults that
emerged within 1-4 days were killed by dehydration using silica gel desiccant inside beakers and stored at
room temperature for identification.

Each adult was individually identified to species and species complex level using morphological
characters within 24 hours of hatching [41]. Adult specimens were placed individually on microscopic
slides and identified under a dissecting microscope with a 10x objective using standard adult mosquito

morphological identification keys developed for the Anophelinae of Africa south of the Sahara [41].



Variable measurements

Presence of a water body within a 500m radius was the primary exposure variable, others were covariates.
Two nearby water bodies (rivers, streams, marshes, swamps, stagnant water, natural pools, springs and
water holes) to each case HH and control HH presented during the survey were geo-referenced (Fig. 1).
The water bodies were either permanent or temporal and randomly labeled as water body 1 and water
body 2.

Statistical analysis

For distance computation between the HH and the water bodies, decimal degrees were changed into
Universal Transverse Mercator (UTM) using World Geodetic System (WGS) 84 Datum. For analysis,
house proximity to water bodies was computed as Euclidean distance using GPS coordinates [42, 43]. For
this study, house proximity to water bodies was categorized into two distance bands (< 500m and >500m)
[44]. To determine effect of house proximity to a water body on under-five malaria, a third variable,
presence of a water body within a 500m radius was derived from the two geo-referenced water bodies.
HH wealth index is a composite of several variables that can indicate the socioeconomic status of the HH.
Variables for the construction of the index were included based on the established scientific literature [45]
and the Ethiopian Demographic and Health Survey [46]. HH head’s educational status, longer-run HH
assets, housing structure, water supply source, sanitation facility, farmland size, owning domestic
animals, and having a savings account were used to construct the index. The values of the variables were
weighted from 0 to 1, indicating the lowest and the highest values, respectively.

Data were double entered, validated, coded, cleaned, and verified using EpiData Version 3.1 software
(EpiData Association, Odense, Denmark). Data analyses were carried out using SPSS statistical software
version 22 (IBM Corp. IBM SPSS Statistics for Windows, Armonk, NY, USA) and STATA version 14.0
(StataCorp. Statistical Software: College Station, TX 77845, USA). Descriptive statistics n (%) and n, (%
[95% confidence interval (CI)]), including median and interquartile range (IQR), were calculated for
continuous variables across the response variable. Categorical variables were cross-tabulated across the

response variable through chi-squared or Fisher’s exact tests to detect significant differences in
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proportions. Fisher’s exact test was also used to test distributional differences of Anopheles mosquitoes
across the study sites. All reported p-values were two-tailed and considered statistically significant if p <
0.05.

Principal component analysis (PCA) was applied to estimate HH wealth [45]. Initially, only Principal
Component 1 was used to categorize the HHs’ wealth into three groups. Cutoff values were set for the
three groups. The original variables were transformed into standardized variables. The value of each
standardized variable was multiplied by Principal Component 1 and a third variable created from the
product for each variable. Finally, a HH wealth score was computed from the sum of the third variables.
Based on the cutoff values of Principal Component 1 grades, a final HH wealth index variable having

three categories was developed. Those HHs having a value of 3 were considered to be relatively wealthy.

A conditional logistic regression model was chosen for the matched case-control study. Through a
matching variable for cases and controls, a matched analysis was employed to investigate the independent
effect of house proximity to water bodies on malaria spatial heterogeneity. The modeling strategy
involved estimating unadjusted matched odds ratio (mOR) and adjusted mOR of the studied variables
with malaria heterogeneity at 95% confidence interval (CI). A bivariate matched analysis was executed
for each variable; those variables having p <0.2 and biological plausibility were modeled in the
multivariable matched analysis. S-coefficients, mORs with 95% CI, and p-values were estimated for the

multivariable model and variables at p <0.05 were considered to be statistically significant.

Results
Socio-demographic and residential housing characteristics of under-five children

A total of 162 under-five children (81 malaria cases and 81 controls) were enrolled in the study, and their
HH geo-coordinates were plotted in the study area (Fig. 1). Nine matched pairs were ineligible for the
study giving a response rate of 88%. Five caregivers refused to include their children in the study. The
quality control results indicated 97.5% inter-rater agreement and kappa coefficient of 0.95 with the results

at the health centers (p < 0.0001).



Nearly three-quarters of the malaria infections, 60 (74.1% [63.2-82.6]) were P. vivax mono-infections and
the remaining, 21 (25.9% [17.4-36.8]) were P. falciparum mono-infections. Of the total malaria cases, 19
(23.5% [15.3-34.1]) were found between October 10, 2016, and December 15, 2016; 27 (33.3% [23.8-
44.5]) were found between December 16, 2016, and March 15, 2017; and 35 (43.2% [32.7-54.4]), were
found between March 16, 2017, and June 30, 2017. The median (IQR) age of the Plasmodium-positive
under-five children was 27 (20-48) months. Of the 81 Plasmodium positive under-five children, 50
(61.7% [50.5-71.8]) were males (Table 1).

Awareness regarding malaria, malaria-related behaviors and intervention measures

Of all the 162 HH heads, 149 (92.0% [86.6-95.3]) had information on malaria transmissibility through a
mosquito bite. One hundred sixty (98.8% [95.1-99.7]) under-five children had been active (1700-2300
h) in the preceding month. Only six (3.7% [1.7-8.1]) HH heads reportedly practiced inappropriate HMM
(Table 2).

Less than one-third of under-five children, 50 (30.9% [24.2-38.5]) resided in HHs that owned at least 1
LLIN. Of those under-five children who had LLINs, 32 (64.0% [49.4-76.4]) reportedly slept under an
LLIN regularly two weeks prior to the diagnosis. More than half, 26, (52.0 % [37.9-65.8]) of HHs had
LLINs that were in good condition. One hundred forty-three, (88.3% [82.3-92.4]) reported that their
houses had been sprayed with IRS during the preceding year (Table 3).

Proximity of case HHs and control HHs to water bodies

Eighty (98.8% [91.4-99.8]) of the case HHs were located below 2000 masl. Only 13 (16.0% [9.4-26.0]) of
case HHs were located within 4 km of Lake Tana. Similarly, 19, (23.5% [15.3-34.1]) case HHs had a
water body within a 500m radius (Table 4).

Multivariable matched analysis for case-control pairs

Adjusted matched analysis verified that children 36-59 months of age (adjusted mOR = 3.88; 95% CI:
1.55-9.74) had higher odds to be infected with malaria than children under 36 months in villages around

Lake Tana (Table 5).
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Marital status, occupation, and educational status of HH head, maternal education; HH size; HH wealth
index; flooring, roofing, and wall building materials; number of rooms; separate kitchen; tethering of
cattle, goats, and sheep at night; travel history within the villages; HH member travel to malarious
lowlands; visits to traditional healers; inappropriate HMM; LLIN ownership; IRS; malaria information;
HH elevation; water body presence within 500m radius; and house proximity to Lake Tana were not

significantly associated with malaria infection (p > 0.05) (Table 5).
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Table 1 Socio-demographic and housing characteristics of under-five children in villages around Lake Tana, Ethiopia, October 2016-June

2017

Characteristic Malaria cases (n=81) Controls (n=81) Total Pearson’s X*/
n, % (95% CI) n, % (95% CI) n, % (95% CI ) Fisher’s exact test**

Age of child (months)" 27 (20-48) 23 (12-30) 24 (17-36)

5-35 45, 55.6 (44.4-66.2) 62, 76.5 (65.9-84.7) 107, 66.1 (58.3-73.0) 0.005

36-59 36, 44.4 (33.8-55.6) 19, 23.5 (15.3-34.1) 55,33.9(27.0-41.7)

Marital status*

Married 78, 96.3 (88.9-98.8) 78, 96.3 (88.9-98.8) 156, 96.3 (91.9-98.3) 1.000

Divorced 3,3.7(1.2-11.1) 3,3.7(1.2-11.1) 6,3.7 (1.7-8.1)

Educational status*

Iliterate’ 39, 48.1 (37.3-59.2) 45, 55.6 (44.4-66.2) 84, 51.9 (44.1-59.5) 0.622

Able to read and write (informal) 22,27.2 (18.4-38.1) 21,25.9(17.4-36.8) 43,26.5(20.3-34.0)

Grade 1 to 6 completed 12, 14.8 (8.5-24.5) 7,8.6 (4.1-17.3) 19, 11.7 (7.6-17.7)

>7 8, 9.9 (4.9-18.8) 8,9.9 (4.9-18.8) 16, 9.9 (6.1-15.6)

Maternal education

Iliterate” 64, 79.0 (68.6-86.7) 63, 77.9 (67.2 -85.7) 127,78.4 (71.3-84.1) 0.726

Able to read and write (informal) 6, 7.4 (3.3-15.8) 4,49 (1.8-12.7) 10, 6.2 (3.3-11.2)

Grade 1 to 6 completed 6, 7.4 (3.3-15.8) 10, 12.3 (6.7-21.7) 16, 9.9 (6.1-15.6)

>7 5,6.2 (2.5-14.2) 4,49 (1.8-12.7) 9,5.5(2.9-104)

Occupation*

Farmer 75, 92.6 (84.2-96.7) 73, 90.1 (81.2-95.1) 148, 91.4 (85.9-94.8) 0.576

Non-farmer® 6, 7.4 (3.3-15.8) 8,9.9 (4.9-18.8) 14, 8.64 (5.2-14.1)

HH wealth index

Poor 17,21.0 (13.3-31.4) 25,30.9 (21.6-42.0) 42,25.9 (19.7-33.3) 0.252

Medium 6, 7.4 (3.3-15.8) 8, 9.9 (5.0-18.8) 14, 8.6 (5.2-14.1)

Wealthy 58, 71.6 (60.6-80.5) 48, 59.2 (48.1-69.6) 106, 65.4 (57.7-72.4)

HH size" 6 (4-7) 6 (4-7) 6 (4-7)

<5 individuals 36, 44.4 (33.8-55.6) 39, 48.1 (37.3-59.2) 75, 46.3 (38.7-54.1) 0.636

>5 individuals 45, 55.6 (44.4-66.2) 42,51.9 (40.8-62.7) 87,53.7 (45.9-61.3)

Roofing materials

Corrugated iron 76, 93.8 (85.8-97.5) 71, 87.7 (78.3-93.3) 147, 90.7 (85.1-94.4) 0.175

Thatch 5, 6.2(2.5-14.2) 10, 12.3 (6.7-21.7) 15, 9.3 (5.6-14.9)

Wall building materials

Cement 1, 1.2 (0.2-8.6) 3,3.7(1.2-11.1) 4,2.5(0.9-6.5) 0.620

Mud and sticks

80, 98.8 (91.4-99.8)

78, 96.3 (88.9-98.8)

158, 97.5 (93.5-99.1)
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Flooring materials

Cement plastered or ceramics
Dung plastered

Number of rooms in the house"
<2 rooms

> 2 rooms

Tethering of cattle, goats, sheep ©
Yes

No

Separate kitchen

Yes

No

1,1.2(0.2-8.6)
80, 98.8 (91.4-99.8)
3(2-3)

18,22.2 (14.3-32.8)
63, 77.8 (67.2-85.7)

24, 29.6 (20.6-40.7)
57,70.4 (59.3-79.4)

20, 24.7 (16.4-35.5)
61, 75.3 (64.5-83.6)

2,2.5 (0.6-9.6)
79, 97.5 (90.4-99.4)
3 (2-3)

25,30.9 (21.6-42.0)
56, 69.1 (58.0-78.4)

20, 24.7 (16.4-35.5)
61, 75.3 (64.5-83.6)

24, 29.6 (20.6-40.7)
57, 70.4 (59.3-79.4)

3, 1.8 (0.6-5.6)
159, 98.2 (94.4-99.4)
3 (2-3)

43,26.5 (20.3-34.0)
119, 73.5 (66.0-79.7)

44,27.2 (20.8-34.6)
118, 72.8 (65.4-79.2)

44,27.2 (20.8-34.6)
118, 72.8 (65.4-79.2)

1.000

0.213

0.480

0.480

*the HH head status was taken. ¥ government employee, merchant/trader, daily laborer, street dweller, carter. © Tethering indoors at night in the
month prior to visiting the health facility. § Unable to read and write based on self-reporting. !! continuous variables; summarized through median
and IQR. CI: confidence interval. ** p < (0.05 was considered statistically significant. The italics indicate statistically significant p-values

Table 2 Awareness of malaria among HH heads and malaria-related behaviors in villages around Lake Tana, Ethiopia, October 2016-June

2017

Characteristic

Malaria cases (n = 81)

n, % (95% CI )

Controls (n = 81)

n, % (95% CI )

Total
n, % (95% CI)

Pearson’s X°/
Fisher’s exact test**

Anopheles mosquito transmits malaria
Yes

No

LLIN use prevents malaria

Yes

No

Travel history within study villages *
Yes

No

Regular LLIN use during travels (n=28)
Yes

No

HH member travel to lowlands *

Yes

No

Visiting traditional healers™

74, 91.4 (82.7-95.9)

7,8.6 (4.1-17.3)

74,91.4 (82.7-95.9)

7,8.6 (4.1-17.3)

16, 19.8 (12.3-30.1)
65, 80.2 (69.9-87.7)

4,25 (8.6-54.3)

12,75.0 (45.7-91.4)

3,3.7(1.2-11.1)

78, 96.3 (88.9-98.8)

75, 92.6 (84.2-96.7)

6,7.4 (3.3-15.8)

74,91.4 (82.7-95.9)

7,8.6 (4.1-17.3)

12, 14.8 (8.5-24.5)
69, 85.2 (75.5-91.5

1, 8.3 (0.8-50.1)

11, 91.7 (49.9-99.2)

1, 1.2 (0.2-8.6)

80, 98.8 (91.4-99.8)

13

149, 92.0 (86.6-95.3)

13, 8.0 (4.7-13.4)

148, 91.4(85.9-94.8)

14, 8.6 (5.2-14.1)

28,17.3 (12.2-24.0)

134, 82.7 (76.0-87.8

5,17.9 (7.2-37.9)

23, 82.1(62.1-92.8)

4,2.5 (0.9-6.5)

158, 97.5 (93.5-99.1)

0.772

1.000

0.406

0.355

0.620



Yes
No
Inappropriate HMM
Yes
No

10, 12.3 (6.7-21.7)
71, 87.7 (78.3-93.3)

4,49 (1.8-12.7)
77,95.1 (87.3-98.2)

14, 17.3 (10.4-27.3)
67, 82.7 (72.7-89.6)

2,2.5 (0.6-9.6)
79, 97.5 (90.4-99.4)

24, 14.8 (10.1-21.2)
138, 85.2 (78.8-89.9)

6,3.7 (1.7-8.1)
156, 96.3 (91.9-98.3)

0.376

0.682

*in the month prior to visiting the health center. + Spiritual healing, herbal remedy. **Test p-values.

Table 3 Malaria intervention measures among under-five children in villages around Lake Tana, Ethiopia, October 2016-June 2017

Characteristic

Malaria cases (n = 81)

n, % (95% CI)

Controls (n = 81)
n, % (95% CI)

Total
n, % (95% CI)

Pearson’s X°/
Fisher’s exact test**

Received malaria information*

Yes

No

LLIN ownership

None

1 LLIN/HH

>2 LLINs/HH

Regular LLIN use in last 2 weeks (n = 50)
Yes

No

Regular LLIN use in last 1 month (n = 50)
Yes

No

Having holes/tear(s) in LLIN(s) (n = 50)
Yes

No

Period since delivered LLIN(s) (n = 50)
<1 year

>lyear

Proper mounting of LLIN(s) (n = 50)
Yes

No

Washing frequency (n = 50)

<4 times

>4 times

32, 39.5 (29.3-50.7)
49, 60.5 (49.3-70.7)

55, 67.9 (56.8-77.3)
16, 19.8 (12.3-30.1)
10, 12.3 (6.7-21.7)

16, 61.5 (40.7-78.9)
10, 38.5 (21.1-59.3)

12, 46.2 (27.3-66.2)
14, 53.8 (33.8-72.7)

10, 38.5 (21.1-59.3)
16, 61.5 (40.7-78.9)

10, 38.5 (21.1-59.3)
16, 61.5 (40.7-78.9)

20, 76.9 (55.6-89.9)
6,23.1 (10.1-44.4)

22, 84.6 (63.7-94.5)
4,15.4 (5.5-36.3)

14

23,28.4 (19.5-39.4)
58, 71.6 (60.6-80.5)

57,70.4 (59.3-79.4)
15, 18.5 (11.4-28.7)
9, 11.1 (5.8-20.2)

16, 66.7 (44.5-83.3)
8,33.3 (16.7-55.5)

14, 58.3 (36.9-77.1)
10, 41.7 (22.9-63.1)

9,37.5(19.8-59.4)
15, 62.5 (40.6-80.2)

11, 45.8 (26.3-66.8)
13, 54.2 (33.2-73.7)

16, 66.7 (44.5-83.3)
8,33.3 (16.7-55.5)

21, 87.5 (65.5-96.3)
3,12.5 (3.7-34.5)

55,34.0 (27.0-41.7)
107, 66.0 (58.3-73.0)

112, 69.1 (61.5-75.8)
31, 19.2 (13.7-26.0)
19, 11.7 (7.6-17.7)

32, 64.0 (49.4-76.4)
18, 36.0 (23.6-50.6)

26, 52.0 (37.9-65.8)
24, 48.0 (34.2-62.1)

19, 38.0 (25.3-52.5)
31, 62.0 (47.5-74.7)

21, 42.0 (28.8-56.4)
29, 58.0 (43.6-71.2)

36, 72.0 (57.6-83.0)
14, 28.0 (17.0-42.4)

43, 86.0 (72.9-93.4)
7,14.0 (6.6-27.1)

0.135

0.941

0.706

0.389

0.944

0.598

0.420

1.000



Good condition of LLIN(s) (n = 50)

Yes 13, 50.0 (30.5-69.5) 13, 54.2 (33.2-73.7) 26, 52.0 (37.9-65.8) 0.768
No 13, 50.0 (30.5-69.5) 11, 45.8 (26.3-66.8) 24, 48.0 (34.2-62.1)

IRS

Yes 71, 87.7 (78.3-93.3) 72, 88.9 (79.8-94.2) 143, 88.3 (82.3-92.4) 0.807
No 10, 12.3 (6.7-21.7) 9,11.1 (5.8-20.2) 19, 11.7 (7.6-17.7)
Plastering/painting after IRS (n = 143)

Yes 4,5.6 (2.1-14.4) 3,42 (1.3-12.4) 7,4.9 (2.3-10.0) 0.719
No 67, 94.4 (85.6-97.9) 69, 95.8 (87.6 -98.7) 136, 95.1 (90.0-97.7)

Use other mosquito protections *

Yes 7,8.6 (4.1-17.3) 4,95.1(87.3-98.2) 11, 6.8 (3.8-11.9) 0.534
No 74,91.4 (82.7-95.9) 77,4.9 (1.8-12.7) 151, 93.2 (88.1-96.2)

’ getting information on malaria signs and symptoms, transmission methods, preventive and control measures, and early treatment seeking behavior
by HEWs. ~ measured by service years of LLIN (aged if >3 years), absence of tears/holes, proper hanging and frequently washed. * Mosquito coils,
homemade insecticides, grass or wood fumes. **Test p-values.

Table 4 HH elevation and proximity to water bodies in villages around Lake Tana, Ethiopia, October 2016-June 2017

Variables Malaria cases (n =81)  Controls (n = 81) Total Pearson’s X*/
n, % (95% CI) n, % (95% CI) n, % (95% CI) Fisher’s exact test**

HH elevation (m) * 1844 (1816-1859) 1833 (1816-1856) 1841 (1816-1859)

<2000 80, 98.8 (91.4-99.8) 79, 97.5 (90.4-99.4) 159, 98.1 (94.4-99.4) 1.000

>2000 1,1.2 (0.2-8.6) 2,2.5(0.6-9.6) 3, 1.9 (0.6-5.6)

House proximity to Lake Tana (km) * 5.8 (5.1-7.4) 6.0 (5.0-7.5) 5.9 (5.1-7.5)

<4 13, 16.0 (9.4-26.0) 14,17.3(10.4 -27.3) 27,16.7 (11.6-23.3) 0.833

>4 68, 84.0 (74.0-90.6) 67, 82.7 (72.7-89.6) 135, 83.3 (76.7-88.4)

Water body presence within 500m * 769 (522-1155) 825 (522-1279) 812.5 (522-1211)

Yes 19, 23.5 (15.3-34.1) 20, 24.7 (16.4-35.5) 39,24.1(18.1-31.3) 0.854

No 62, 76.5 (65.9-84.7) 61, 75.3 (64.5-83.6) 123,75.9 (68.7-81.9)

Il Continuous variables; summarized through median and IQR. **p < 0.05 was considered statistically significant.

Table 5 Determinants of malaria among under-five children in villages around Lake Tana, Ethiopia, October 2016-June 2017

Variables B Unadjusted mOR”  p-value B Adjusted mOR (95% CI)’  p-value
Age (months)
5-35 1 1
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36-59 .14 313 0.005 136  3.88(1.55-9.74) 0.004
Maternal education

llliterate 1 1

Literate -0.10 091 0.827 -0.14  0.87 (0.28-2.63) 0.799
HH wealth index

Poor 1 1

Medium 0.25 1.28 0.694 038 0.69 (0.16-3.02) 0.619
Wealthy 0.69 1.99 0.100 0.41 1.50 (0.58-3.86) 0.399
Roofing materials

Corrugated iron 1 1

Thatch 098  0.38 0.147 0.92  0.40(0.07-2.19) 0.290
Number of rooms in the house

<2 rooms 1 1

> 2 rooms 0.53 1.70 0.183 0.83 2.29 (0.80-6.54) 0.123
Separate kitchen

No 1 1

Yes 041 0.67 0.374 031 0.73(0.31-1.72) 0.475
Tethering of cattle, goats and sheep

No 1 1

Yes 0.27 1.31 0.467 0.13 1.14 (0.46-2.79) 0.777
Travel history within the study villages

No 1 1

Yes 0.31 1.36 0.435 0.44 1.56 (0.56-4.36) 0.399
Received malaria information

No 1 1

Yes 075  2.13 0.079 0.93  2.55(0.89-7.29) 0.082
Water body presence within 500m

Yes 1

No 0.07 1.08 0.847 0.38 1.46 (0.54-3.93) 0.452
House proximity to Lake Tana (km)

<4 1 1

>4 0.08 1.08 0.842 0.21 1.23 (0.43-3.50) 0.694

[ beta coefficients/regression coefficients. p < 0.05 was considered statistically significant. The italics indicate statistically significant p-values
Unadjusted mOR, unadjusted matched odds ratio; adjusted mOR, adjusted matched odds ratio; 1, Reference category

# Denotes unadjusted mOR using 95% CI in bivariate conditional logistic regression analysis from matched case-control pairs.

# Denotes adjusted mOR using 95% CI in multivariable conditional logistic regression analysis from matched case-control pairs.
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Anopheles mosquito species identification

A total of 1,509 specimens of the Anopheles mosquitoes, including 1,197 adults, were identified using
morphological characters. However, 312 mosquitoes were excluded from microscopic examination due to
incomplete anatomical morphologies. The male/female ratio of identified Anopheles adults was 0.84:1.
Out of 1,197 adults, An. pretoriensis was the most common and predominant species (n = 327, 27.3%),
followed by the An. gambiae complex (n = 308, 25.7%) and An. christyi (n = 147, 12.3%) (Tables 6 and
7). There were statistically significant differences in Anopheles species distribution (p < 0.001) among the
study sites. An. gambiae complex and An. pharoensis are the major malaria vectors in villages around
Lake Tana (Fig. 1). An. pretoriensis was collected in all the larval habitats, including natural breeding
sites in riverbeds with sandy substrates. Permanent and clear water bodies in full sunlight with algae were

preferred by An. pretoriensis (see Additional file 1).

Table 6 Number of Anopheles mosquito species identified by sex in villages around Lake Tana,
Ethiopia, April-June 2017

Anopheles mosquito species Number of Anopheles species

Females Males Total

n (%) n (%) n (%)
An. gambiae complex 185 (60.1) 123 (39.9) 308 (25.7)
An. pharoensis 56 (62.2) 34 (37.8) 90 (7.5)
An. pretoriensis 165 (50.5) 162 (49.5) 327 (27.3)
An. dancalicus 13 (41.9) 18 (58.1) 31 (2.6)
An. cinereus 39 (48.8) 41 (51.2) 80 (6.7)
An. garnhami 22 (26.5) 61(73.5) 83 (6.9)
An. christyi 95 (64.6) 52 (35.4) 147 (12.3)
An. funestus group 42 (73.7) 15 (26.3) 57 (4.8)
An. erepens 11 (57.9) 8(42.1) 19 (1.6)
An. coustani 7 (26.9) 19 (73.1) 26 (2.2)
An. domicolus 14 (48.3) 15 (51.7) 29 (2.4)
Total 649 548 1,197
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Table 7 Anopheles mosquito species distribution by survey site in villages around Lake Tana, Ethiopia, April-June 2017

Anopheles mosquito species Survey sites

Sara Wonez and Ferkit Adiga Woyenareb  Barengua  Ferenji Wuha Derchit* Embileba  Total

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
An. gambiae complex 120 (38.3) 45(26.9)" 92 (61.3) 51 (31.3) 0 0 0 308 (25.7)
An. pharoensis 68 (21.7)" 0 0 0 22 (13.8)” 0 0 90 (7.5)
An. pretoriensis 75 (24.0) 54 (32.3) 58(38.7) 41 (25.2) 34 (21.4) 38(32.2) 27(1.3) 327(27.3)
An. dancalicus 31 (9.9)% 0 0 0 0 0 0 31(2.6)
An. cinereus 0 0 0 47 (28.8) 25 (15.7)" 0 8(6.3)" 80 (6.7)
An. garnhami 0 42 (25.1) 0 24 (147" 0 0 17 (13.4)" 83 (6.9)
An. christyi 0 0 0 0 49 (30.9) 34 (28.8) 64 (50.4)" 147 (12.3)
An. funestus group 0 0 0 0 0 46 (39.0) 11(8.6)” 57(4.8)
An. erepens 19 (6.1)° 0 0 0 0 0 0 19 (1.6)
An. coustani 0 26 (15.7)" 0 0 0 0 0 26 (2.2)
An. domicolus 0 0 0 0 29 (18.2)” 0 0 29 (2.4)
Total 313 167 150 163 159 118 127 1,197

*unable to get Anopheles larvae in the third round due to run-off.
*not found in the first two rounds.

P not found in the first and third rounds.

2 not found in the last two rounds.

“ not found in the third round.
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Discussion

This study found that older under-five children had nearly four-fold odds of being infected with malaria
compared to younger under-fives after adjusting for potential confounders. This finding is corroborated
by other studies [2, 16-21]. The possible reason older under-fives are at greater risk could be their
frequency of exposure when playing with while youths looking after cattle, sheep, and goats in the early
evening [28, 47]. The risk from these evening activities is compounded by the infrequent bathing and
laundering of the clothes of older under-fives because poor hygiene increases the presence of mosquitoes
[48]. This period (1800-2100 h) is the peak biting period of the An. gambiae complex and An. pharoensis
[28, 47, 49] and even higher outdoor biting [47]. Another reason for the higher risk of older under-fives
may be the fact that they may not sleep with their mothers under one LLIN and therefore may not receive
adequate protection from the net. Normally, the pattern of child care in Ethiopia is that younger children
are given more priority and sleep with their parents, whereas older children do not sleep under a net and
can be bitten by mosquitoes [2]. One study showed that children who shared a bed with their mothers
were 21 times more likely to be covered by bed nets compared to those who did not [50]. Moreover, only
24% and 25% of older under-fives’ HHs had LLINs and used them fully at night for the 2 weeks prior to
the survey compared with youngsters (76% and 75%), respectively, in this study.

In the multivariable matched analysis, the socio-demographic factors HH wealth; residential housing
structure; tethering of domestic animals at night; travel history within the study villages; HH member
travel to malarious lowlands; visits to traditional healers; inappropriate HMM; LLIN ownership; IRS;
malaria information; and water body presence within a 500m radius were not independent predictors of
local malaria. This is likely due to the similarity of these factors as well as malaria-related behaviors and
the provision of insufficient malaria information on treatment-seeking, LLIN, and other preventive
measures by Gondar Zuriya District Health Office. For instance, around 98% of the houses had walls
made of mud, which is not sufficient to keep mosquitoes from entry.

In this study, significant association was not observed between LLIN ownership and local malaria. This
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finding is in line with previous studies, which did not predict protection offered by LLINs [16, 35].
Studies also recognized that increasing LLIN coverage did not lower malaria parasitaemia [21, 51].
Nonetheless, other studies ascertained that LLIN use [21, 52] reduced malaria among under-five children.
Studies identified main attributes that may undermine the efficiency of LLINs: resistance of mosquitoes
to pyrethroids, poor condition of nets [29, 53], primary caregivers’ beliefs about causation and
vulnerability, and obstacles in translating knowledge into behavior [54, 55]. Additional reasons in this
study setting may be low LLIN coverage, heavy workload in rural communities, or low maternal
education. Malaria cases were found in newly constructed houses that were unsprayed due to marriage
and resettlement and/or having no LLINs [35].

In this study, house proximity to a water body was not associated with odds of malaria infection. Some
previous studies also showed proximity to a water body had no association with malaria risk [12, 35, 56].
Researchers have pointed out local topographic wetness indices as preferred determinants of HH malaria
risk instead of land uses and land covers [13]. On one hand, some studies have reported low infection risk
in HHs located near water reservoirs [10, 11]. On the other hand, several studies have reported that HHs
near water bodies had higher malaria infection rates [6-9]. These inconsistent conclusions could result
from differences in a number of factors: variations in proper and persistent use of bed nets, IRS coverage,
habitat suitability for vector breeding, disappearance of environmental hotspots due to decrease in malaria
transmission, engagement in outdoor activities at night, imported malaria leading to onward transmission,
climatic conditions, study design, and endemicity. Immediately after the main wet season, many houses
are surrounded by stagnant water in villages around Lake Tana. Concurrently, there is a mass return of
young adults from agricultural farms in the malarious lowlands [35, 57]. The co-existence of these two
factors may facilitate transmission through the imported cases in meso-endemic areas of northwest
Ethiopia.

Given how malaria spreads, it is biologically possible that people in HHs located near to mosquito
habitats have increased risk of infection [58]. As the female leaves the breeding site to find a human host,
it is reasonable to assume that nearby individuals has a high probability of being targeted. Nevertheless, it
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is not necessarily house proximity to water bodies in itself that matters; rather, house proximity might be
considered a strong positive correlate of the likelihood of being infected. For instance, evidence shows
that malaria infection risk for individuals in a given HH at a given distance to the breeding site was
reduced if there were many other nearby HHs close to the breeding site [52]. Lastly, given that malaria
transmission depends on several area-specific characteristics, it might well be that a given variable is a
significant risk factor in one area though less important in another setting.

In the study area, An. gambiae complex is the DVS, which includes the main malaria vector in Ethiopia,
An. arabiensis, followed by An. pharoensis. The An. gambiae complex, presumably An. arabiensis, and
An. pharoensis have been reported from villages around Lake Tana [27, 29] and Butajira area [26]. An
altitude-based study in Ethiopia also identified An. arabiensis, An. pharoensis, and An. funestus group as
the most common species [8]. An. gambiae complex and An. pharoensis were found in villages <2000
masl, indicating high distribution of malaria among under-five children in these villages. Currently,
malaria is not a primary public health concern in the study villages due to the integrated interventions
against the identified vectors. The presence of the primary vectors may indicate the potential for the
occurrence of malaria outbreaks if IRS, the most exercised intervention measure in the study villages,
fails and due to the susceptibility of the communities. In addition, global warming, which aids in the
expansion of malaria vectors, may cause the neighboring highland population, which is also susceptible,
to be at greater risk of malaria [26].

This study revealed that anopheline breeding sockets were shallow stream edges and beds, small water
bodies and holes, puddles in hoof prints exposed to sunlight, slow flowing or stagnant water with or
without debris, and surface algae. These breeding types were reported from other parts of Ethiopia [26,
59], eastern Sudan [60], and Eritrea [61]. An. gambiae complex has adapted to diverse habitats [8, 26].
Absence of larvae at one site alongside streams in June could have resulted from heavy run-off which
swept them away. Heavy rainfall could also destroy larvae directly [62].

Although the study employed a matched case—control design, it has several strengths. Interviews using a
semi-structured questionnaire, direct observation, and larvae survey were employed to examine multiple
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possible contributors to malaria risk. The water bodies close to HHs, hypothesized to constitute
differential malaria risk, were geo-referenced to increase proximity measurement accuracy. Multivariable
matched analysis and vector identification allowed exploring effect of house proximity to water bodies on
local malaria, which has rarely been considered in such studies. The non-significant association was
validated by comparing groups internally and after eliminating possible confounders.

Although this study has outlined some policy implications, its findings are limited by the small sample
size and power. Misclassification among cases and controls due to microscopy and residual confounding
cannot be excluded. Differences in care seeking and variation in breeding suitability of the water bodies
would influence the effect of house proximity to water bodies on local malaria. Also it is possible that
most transmission relates to mosquitoes breeding in small temporary water containments rather than the
water bodies. The flight capacity of mosquitoes which is influenced by topography, settlement pattern,
and environmental factors should be taken into account while interpreting the results. Malaria treatment at
drug vendors, private clinics, and health posts may also have influenced the results [63]. Moreover,
malaria cases in September, when more local malaria cases occur in northwestern Ethiopia [64], were not
included due to political unrest in the study area. The decision to exclude children who reportedly
experienced malaria infection more than once might also be a limitation. Nevertheless, since repeat
infections might be relapse episodes of hypnozoites of P. vivax [65], exclusion was believed to be the best
approach. On the other hand, the larvae survey did not include all months of a year. For instance, the
exclusion of September, when various types of water bodies are created, may have reduced the number of
malaria vectors. Data were not obtained on pH, temperature, turbidity, and conductivity of water where
the larvae were collected and the vectorial capacity.

These study outcomes indicate that understanding the behaviors, activities, and caregiving that make
older under-five children prone to local malaria, providing adequate malaria information and recognizing
vectors distribution need to be considered in accelerating efforts to eliminate local malaria in meso-

endemic areas around Lake Tana.
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Conclusion

Older under-five children were at risk of local malaria in meso-endemic villages around Lake Tana, where
both the primary and secondary malaria vectors of Ethiopia, are distributed. However, water body
presence within 500m radius did not have differential malaria risk. Hence, it is recommended to increase
long-acting insecticide spraying coverage and frequency due to low use of LLINs among older under-
fives and reinforces the need to use repellents to keep children safe until they sleep under bed nets.
Besides, malaria information should be provided for primary caregivers to equally manage younger and
older under-fives while applying LLIN utilization. Identification of malaria vectors also needs to be the
first step to design vector control interventions in meso-endemic settings. Critical information is urgently
needed to identify introduced and indigenous malaria in meso-endemic areas of Ethiopia. Advanced
molecular techniques for identification of sibling anophelines also need to be conducted in future studies.
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Abstract

Background: Malaria remains a major public health problem in Ethiopia. The use of LLINs is an effective approach
to reducing transmission. Persistent use of LLINs is determined by numerous factors. Quantitative studies have
assessed LLIN ownership and utilization, but the behavioral, socio-cultural, socioeconomic and net distribution
contexts that impact their use have not been examined in depth. This study aimed to explore barriers of persistent
LLIN use among communities around Lake Tana.

Methods: Twenty-three community residents who owned LLINs (15) or not (8) during the study period and 38 key
informants were interviewed from April to June 2017. Phenomenological study was employed to explore the local
contexts and factors that influence persistent use of LLINs. Individuals were purposefully selected to capture
different views. Community residents were selected based on their permanent residence and LLIN use experience.
Key informants were health extension workers, local leaders, students, and health professionals. The data were
managed using QSR International NVivo Version 10 software and coded, and themes were identified.

Results: Killing ability of nets against arthropods other than mosquitoes reportedly made use of LLINs a favored
malaria prevention method despite their ineffectiveness after 3 months. Conical nets were preferred due to their
compatibility with varied sleeping structures. Numerous factors influenced persistent use, notably erroneous
perceptions about LLINs, malaria and mosquitoes; bedbug infestation; inconvenience; unintended uses; distribution
problem of nets; and socio-cultural and economic factors. Unintended uses were often associated with local needs
and seldom linked with social issues and deficiencies in information about malaria and LLINs. Collateral benefits
were considered important, principally in terms of disinfestation of bedbugs.

Conclusions: Non-persistent LLIN use was associated with inconvenient bed net design and early damage; non-
potency of the insecticide against other arthropods; facilitation of bedbug infestation; unintended uses; wrong
perceptions about malaria, mosquitoes, and LLINs; and inadequate follow-up regarding LLINs utilization. Distribution
of conical nets and provision of adequate information on LLINs and malaria may promote persistent use. Using an
insecticide that also kills arthropods other than mosquitoes may reduce unintended uses and increase persistent use.
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Background

Malaria is a major public health concern in Ethiopia [1].
The use of long-lasting insecticidal nets (LLINs) is a widely
accepted [2] and commonly available intervention for pre-
venting malaria in Africa [3]. It is a primary prevention and
control strategy in Ethiopia [1, 4] and promoted as an
effective approach to minimizing risk of malaria transmis-
sion. Worldwide, studies have revealed major benefits from
LLINs ownership and use [5].

According to the 2015 National Malaria Indicator
Survey, only 64% of Ethiopian households (HHs) owned at
least one LLIN and only 40% of the population slept under
LLINs the night before the survey, below the goals of 100%
ownership and 80% utilization. The proportion of HHs
having at least one LLIN for every two people was 31.7%
nationally and 38% in Amhara Region in 2015. In Amhara
Region, where this study was carried out, 72.9% of HHs
owned one LLIN and 43.4% of the population slept under
the LLINs the night before the interview. The use of exist-
ing LLINs in Amhara Region was 56%, the lowest nation-
wide [1]. Evidence from rural Ethiopia showed variable
LLIN coverage and utilization [6]. A recent study reported
that only 12% of HHs owned one or more LLINs [7].

Persistent utilization of LLINs is determined by an array
of factors, including, first and foremost, insufficient access
to LLIN within HHs and mal-distribution of LLINs, and
availability or ownership of LLINs [1, 4, 8—10], followed
by seasonality and overall mosquito abundance. Miscon-
ceptions about malaria risk, symptoms, and transmission;
community norms and values; and gender or age priorities
contribute to nonuse of LLINs. In Ethiopia, the groups
most vulnerable to malaria and therefore prioritized for
LLIN usage are children under 5 years of age and preg-
nant women. The age or physical condition of the nets,
perceptions of net ineffectiveness, structural incompatibil-
ities and practical issues, and use of nets for unintended
purposes affect utilization [1, 4, 11-18]. The most fre-
quently cited reasons for non-persistent use of nets are
perceived low mosquito abundance and stuffiness, usually
during hot weather [11]. Promotion of net use in Ethiopia
and other countries has focused almost exclusively on
malaria prevention. Therefore, use of nets may be consid-
ered unimportant in communities in which malaria is no
longer seen as a serious health problem. Moreover, LLINs
have a short lifespan, developing tears and holes and los-
ing insecticide over time; field studies show that the useful
life of a net may vary between 18 months and 7 years, with
a mean expected life span of 3 years [19, 20]. However, a
cohort study in south-central Ethiopia revealed only 4% of
1532 distributed LLINs met the criteria for functional sur-
vival by the 24th month, with a median functional survival
time of 12 months [21].

Parallel matched case-control studies in villages around
Lake Tana identified risk factors for malaria in a meso-
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endemic setting. The results showed that under-five age
(36—59 months), travel to malarious lowlands, and inad-
equate malaria information were independent predictors.
Ownership and use of LLINs were low; 69.5% of the partic-
ipants had no nets [22, 23]. These studies provide informa-
tion on determinants of malaria prevalence, but they did
not explore the behavioral, sociocultural, and socioeco-
nomic contexts explaining why communities did not use
LLINs persistently. Thus, factors that influence persistent
LLIN utilization in specific areas need to be investigated to
facilitate malaria elimination. The aim of the present study
was to explore context-based barriers to persistent LLINs
use among residents in villages around Lake Tana. Find-
ings of this study may have implications for malaria elimin-
ation strategies.

Methods

Study setting and population

The study was carried out in seven kebeles (the lowest ad-
ministrative units in Ethiopia), including Lemba-Arebaytu,
Layeye-Dugie, Zengage, Jeja-Bahriegeneb, Tsion-Seguage,
Sheha-Gomenege and Makesegnit Town in Gondar Zur-
iya District, northwest Ethiopia, from April to June 2017.
Gondar Zuriya District is composed of hilly and plain
landscapes, and the altitude ranges from 1750 to 2600 m
above sea level. The study area has two malaria transmis-
sion seasons, which are the major transmission season
(September to December) and the minor transmission
season (April to May). In the study area, numerous indi-
viduals travel to malarious lowlands for temporary work,
mainly during the rainy and spring seasons. A trend
analysis (2002-2011) conducted in a neighboring district
reported 23,473 malaria cases (75% Plasmodium falcip-
arum and 25% P. vivax) with a fluctuating trend. From
2010 to 2011, P. falciparum prevalence decreased while P.
vivax prevalence was increasing, indicating a trend shift
[24]. Another study conducted in three districts, including
Gondar Zuriya District, reported 61.3% malaria preva-
lence microscopically [25]. A recent spatio-temporal
analysis in northwest Ethiopian districts revealed a
purely temporal high malaria cluster from July 1, 2015
to December 31, 2016 and significant spatio-temporal
malaria cluster were identified in Dembia District from
January 1, 2014 to December 31, 2017 [26].

The characteristics of the study area, settings, and resi-
dential housing are described in detail elsewhere [22]. All
the kebeles are within 12 km of Lake Tana, the largest lake
in Ethiopia, bordering them in the southwest direction.
The lake is the source of the Blue Nile and geo-located in
10.95°-12.78°N latitude and 36.89°-38.25°E longitude. The
climate of Lake Tana basin is warm-temperate dominated
by the tropical highland monsoon. Most rainfall (70-90%)
falls between June and September. The water of Lake
Tana is decreasing in volume and becoming increasingly
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turbid, resulting in the spread of water hyacinth. Houses
in the study villages are predominantly of the mud-stick
type with corrugated iron roofs. Sleeping mats made of
hides are used in most rural HHs. Culicine mosquitoes,
houseflies, fleas, bedbugs, cockroaches, crawlers, and spi-
ders are the most common nuisance causing arthropods
in local houses. Many of the villagers are subsistence
farmers. Women are involved mainly in agriculture and
domestic work.

Study design

The present study employed a phenomenological qualita-
tive methodology to explore the local contexts and factors
that influence persistent use of LLINs. Phenomenology is a
best approach and method of inquiry which helps to
exhaustively describe, interpret, illuminate and qualify a
phenomenon in everyday human life experiences [27, 28].
This methodology was chosen to explore the behavioral,
demographic, socio-cultural, economic, livelihood, and
housing situation, as well as net delivery related experiences
of the community. Since LLINs utilization reveals lived
experience of the communities, interpretive phenomeno-
logical approach was used. Descriptions of the participants’
LLIN utilization experiences were summarized and ana-
lyzed thematically.

Sampling of study population

The study sites were purposefully selected to capture the
views and practices of residents living in areas identified by
the investigators facing challenges in LLINs utilization. The
sample consisted of two groups: 23 community residents
and 38 key informants. The sample size was estimated on
the basis of richness, detailed nature and volume of data
collected; relevant published literature; scope of study; and
the amount of useful information obtained from each
participant [29]. Saturation, the most widely used principle
for qualitative sample size determination, was achieved with
this large sample due to the heterogeneity of the partici-
pants and the broad scope of the study [30]. Proportional
number of households were included from the 7 kebeles.
Then, community residents comprised of household heads
from a range of socioeconomic backgrounds and ages, and
both genders and lactating women were sampled. They
were interviewed about their LLINs utilization experiences
and practices. Most of the study households (15 inter-
viewees) owned LLINs and some others (8 interviewees)
did not during the study period. The key informants were
people with knowledge of malaria control and distribution
of LLINs in the study communities and who knew the liv-
ing conditions, beliefs, and behaviors. They were 5 health
professionals responsible for the prevention and control of
malaria at Makesegnit and Lemba health centers and
Gondar Zuriya District Health Office, 8 health extension
workers (HEWs) who worked in the 7 selected kebeles, 19

Page 3 of 11

district/kebele/village leaders appointed by the local govern-
ment, and 6 students. Village leaders were enlisted to re-
cruit participants with support from a researcher to ensure
a representative sample.

Data collection procedures

Interviews were conducted in the local language, Ambharic,
and lasted up to 1 h each. The interview guide focused on
reasons for not using LLINs persistently, inequitable use
of LLINs among family members, compatibility of nets
with sleeping spaces, sleeping time under an LLIN, per-
ceived benefits and inadequacies of LLINs, and proper
utilization of LLINs. The interviewers were trained in the
use of the guide, asking open-ended questions, and prob-
ing for more detail. Questions were asked consistently
during all interviews. All interviews were recorded on a
digital voice recorder.

Data analysis

Digital recordings of interviews were transcribed verba-
tim and translated from Ambharic to English by the first
author and local translators. Data management and analysis
were done using NVivo Version 10 (QSR International,
Melbourne, Australia). Thematic analysis is a flexible ap-
proach to identifying, analyzing, and reporting patterns of
data and is compatible with both essentialist (realist) and
constructionist paradigms [31]. The data were content-
coded for thematic analysis. Initial coding was based on
preset categories developed from the literature [13, 14] and
emerging themes were derived from the data. The coded
data were analyzed by querying to determine the frequency
of occurring concepts, themes and relationships. Themes
summarize the responses, and the words of the interviewees
were presented in Word Clouds to illustrate key findings;
quotes were taken from the interviews to illustrate the
contextual quality of the findings. Textual and structural
analyses were carried out to get comprehensive meanings
of the lived experiences of the interviewees on LLINs
utilization [32]. Textual analysis refers to the description of
what is expressed by the interviewees while structural ana-
lysis stands for the interpretation of how it is expressed by
the interviewees. Interpretive phenomenological analysis,
which was used to understand lived experience of the inter-
viewees about non-persistent utilization of LLINs and with
how participants themselves make sense of their experi-
ences, was employed [33].

Results

Socio-demographic description and sleeping time under
LLINs

Of the 61 interviewees, the majority were males, adults,
uneducated, and local community members (Table 1).
Most informants reported usually going to sleep between
9PM and 10 PM. One man said, “After all the domestic
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Table 1 Demographic Characteristics of Interviewees

Characteristic Frequency
n (%)
Sex
Male 33 (54.1)
Female 28 (45.9)
Age (years)
15-25 9 (14.8)
26-45 35(574)
> 45 17 (27.8)
Education level
Uneducated (unable to read and write) 24 (39.3)
Primary 17 (27.9)
Secondary 6 (9.8)
College/university 14 (23.0)
Occupation
Local leader 19 (31.2)
Student 6 (9.8)
Health professional® 5(82)
HEW 8 (13.1)
Local community member® 23 (37.7)

“Malaria focal persons, Environmental Health Officer and District Malaria
officers; PFarmers and town residents

animals get in their corrals, around 2100 h.” Some indi-
viduals thought mosquitoes do not bite in the early
evening.

Perceived benefits and shortcomings of LLINs reported

by informants

Informants’ perceptions of the benefits and weaknesses
of LLINs varied considerably. First, they evaluated them
by their ability to kill arthropods such as houseflies,
fleas, bedbugs, cockroaches, and spiders. Most infor-
mants commented that the currently distributed LLINs
had not killed these arthropods although almost all
acknowledged they had done so when new and up to 3
months old. Many informants attributed the decrease in
killing ability of LLINs after several months to inad-
equate impregnation. Loss of killing ability was one of
the reasons residents considered them ineffective and
discontinued their use.

Nets distributed previously had adequate insecticide.
The current nets are inadequately impregnated. |
think that they cannot serve for 3 years. They do not
serve even for 2 years. (Female, 38 years old, HEW in
Sheha-Gomenege Kebele)

The insecticide content of the current net is not a killer.
It did not kill any arthropods. The current nets did not
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kill even mosquitoes that caused nuisance. (Male, 42
years old, local leader in Sheha-Gomenge Kebele).

Secondly, respondents rated LLINs based on their physical
integrity. They reported that the nets quickly became dirty
and faded; they were worn out due to repeated washing
and broke after 6 months of use. Loss of physical integrity,
especially breakage, appeared to be due to the impover-
ished living conditions in rural houses.

The strength of LLIN is also not as such strong
compared with the previous ones. It did not serve even
for 2 years and they easily tear off in most HHs.
(Female, 35 years old, HEW in Tsion-Seguaj Kebele)

On the other hand, some informants reported that
LLINs are very strong, adequate in size, and can serve
throughout the stated lifetime if handled with care. They
described the current LLINs as relatively smooth in
texture and comfortable to the skin. However, a larger
number of informants questioned the stated service
length and the adequacy of the nets’ size; they consid-
ered them serviceable for 2 years at most if handled with
care. Some stated that the large mesh size allowed
mosquitoes to go through and complained that the nets
were too small for large beds. Additionally, new nets
were said to cause skin irritations when in contact with
skin.

Regarding the mounting and shape of LLINs, many
informants reported that they or others in their HHs
who used them preferred the circular shaped nets be-
cause they were compatible with any sleeping space.
Circular nets mounted at one point in the ceiling were
simple to install and operate and easy to roll up during
daytime and suspend at night. An environmental health
officer and ex-malaria worker noted that “circular
shaped nets are durable and fit for thatched roof houses.”
Rectangular shaped nets, by contrast, were viewed un-
favorably due to the difficulty of installing them and the
large space they required. Thus, informants revealed that
only HHs with beds in chigga bet (mud-stick houses)
can comfortably hang and use the rectangular nets.
However, rectangular nets were not preferred because
their installation made holes and cracks in the mud walls.

Even though the rectangular type [of nets] is suitable
to use on beds, circular types (too long) are very
comfortable to use on mats on the floor or on raised
earthen platforms. (Female, 35 years old, HEW in
Layeye-Dugie Kebele)

We have seen nets which are circular in shape in
towns and this type is very good for rural residents
too. It is tied only on one rope and easy to suspend



Malede et al. BMC Public Health (2019) 19:1303

and roll. It is very good. (Male, 50 years old, main
administrator of Sheha-Gomenge Kebele)

Barriers to the persistent utilization of LLINs
During almost all interviews, bedbug infestation was
mentioned and observed as a major deterrent for persist-
ent use of LLINs (Fig. 1). The hanging corners of LLINs
and the top inside of the nets harbored bedbugs. Add-
itionally, bedbug urine and faeces were associated with
soiling and pigmentation of LLINs. Bedbugs reportedly
infested almost all houses in the study communities.
Perception of the ineffectiveness of LLINs in killing
bedbugs and other arthropods was cited as a major bar-
rier to persistent use of the nets. Some interviewees
questioned the efficacy of LLINs that cannot protect
against bedbugs and fleas beyond the first few months of
use:

LLINs killed bedbugs when they were new. When the
net stopped killing bedbugs, we suspected that it also
did not kill mosquitoes. (Female, 55 years old, local
leader in Makesegnit Town)

Community residents also indicated problems in re-
ceiving the nets as constraints for LLIN utilization.
They cited insufficient supply of LLINs delivered to
the HH, inequitable and late delivery, and irregular
replacement of old nets. However, HEWs and some
other informants argued that HHs received LLINs
based on their family size per national guidelines. In-
formants also reported that all the HH members did
not sleep under an LLIN because HH members did
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not follow the recommended guideline of sleeping in
groups. Some HHs were denied LLINs because they did
not meet the requirement of constructing a latrine.

Another barrier to persistent utilization of LLINs was
the lack of adequate information about their proper use.
Many residents reported having been informed that
LLINs had to be impregnated every 6 months like
conventionally treated nets. Others thought that simply
hanging a net without adjusting it or using it as a bed
sheet would protect from mosquito bites. Some residents
did not use the nets after washing them due to the
perception that they had lost their insecticidal ability
during laundering.

In some houses, bed structure was a critical barrier to
net utilization. Structures such as mud-made floors and
sleeping platforms, chairs, verandas, and straw beds were
unfit for rectangular nets. Rectangular net mounting was
reported and observed to be impossible in short and
narrow thatched-roof houses that are common in the
study area.

A number of other barriers were also identified. Resi-
dents disliked the nets; they were stuffy, had an odor,
caused allergic reactions, and made sleeping spaces dark.
Elderly residents often forgot to suspend them and busy
farmers felt they could not take time from their work to
hang them. LLINs were inconvenient for residents who
traveled and those who were forced to sleep outside to
protect their cattle and other resources at night.

Some informants reported that residents believed
mosquitoes and the threat of malaria had been reduced
or eliminated, and they associated this belief with a
decline in the use of LLINs. The common perceptions
that mosquitoes are absent during the dry season and

Fig. 1 Word Cloud: 100 most occurring words, showing the phrase “bed bugs” as the most frequent one (NVivo Version 10)
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that malaria is a disease of the past impede LLIN use
despite efforts of the key informants to facilitate persist-
ent utilization of LLINs.

Unintended and perceived collateral uses of LLINs
Informants observed and reported unintended use of
LLINs, either misuse or repurposed use. LLINs were
used for unintended purposes when they were old, dirty,
torn, or had otherwise lost their physical integrity and
after washing. Unsafe use and poor management prac-
tices were reportedly the major reasons for widespread
damage, leading to repurposed uses.

Repurposed uses of LLINs included covering of pump-
kin and pepper seedlings, drying of cereals, protecting
and assembling straw and cereal harvest residues, and
bagging garlic for transport to markets on donkey carts.
Torn nets were repurposed for fencing and made into
ropes for binding and tethering purposes.

The key informants as well as community residents
reported misusing LLINSs. Residents used new LLINs for
domestic needs, such as for protecting and bagging
straw and cereal harvest residues; protecting pepper and
eucalyptus seedlings; and drying cereals, buckthorn (gesho),
malts (gebs) and pepper fruits. Participants placed LLINs
under mattresses and as bed sheets to protect them from
bedbugs and used them to cover latrine walls and make
ropes (Figs. 2 and 3). In rare cases, the nets were used as
head scarves, curtains for windows, and doors. Some resi-
dents used one net for mosquito protection and the
remaining ones for unintended purposes. Misuse of nets
also included giving them to friends or relatives as gifts,
placing them in boiling water to kill bedbugs, and storing
them in plastic bags (Fig. 3). Some informants reasoned
that because malaria had been eliminated, using nets for
other purposes made sense. However, several informants
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did not use new LLINs for unintended purposes and ad-
vised residents to also use them for their proper purpose.

Both key informants and residents saw the insect control
ability of LLINs as a collateral benefit beyond protection
from mosquito bites and malaria. LLINs can effectively
destroy insects and other arthropods when new. There was
a perception that LLINs must protect primarily against
bedbugs and fleas, and additionally against other arthro-
pods. Residents with infants reportedly used the nets day
and night for protection against house flies, crawlers, deb-
ris, and dust. Cessation of insecticidal activity of LLINs
against bedbugs after 2 or 3 months was the most frequent
and serious complaint of community informants. Control
of bedbugs was the commonly perceived primary collateral
use of LLIN:

Instead of hanging the net, they used it under the
mattress since they believed the insecticide on the net
killed bedbugs. They primarily used to protect from
bedbugs despite they knew it protects from mosquitoes.
(Malaria focal person in Lemba HC)

Informants’ suggestions to increase LLIN use

Informants and the wider community in the study villages
had color preferences for bed nets. In addition, partici-
pants indicated a strong preference for circular nets over
rectangular ones as the circular nets are easier to install
and use (Fig. 4). Circular types were frequently suggested
for rural residents because their sleeping spaces are not
uniform or comfortable, primarily because of their low
socio-economic status, social and cultural issues, and sea-
sonal changes. Some informants proposed a portable net
that can be used in any space, similar to a sleeping bag,
because individuals may sleep outside or away from home.
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c) Used as a sleeping foam by filling with straw

Fig. 3 Misuse of new LLINs: @) Used for protection of tef (Eragrostis tef) straw from herbivore domestic animals. b) Put as packed in its plastic bag.

Suggestion by informants indicated that information,
education and communication (IEC) and behavior change
communication (BCC) interventions should always go
along with distribution of LLINs and during the active life
span of nets in communities’ utilization. Informants rec-
ommended improving the effectiveness of LLINs by re-
placing them every year or 2 years, re-impregnating them
every 6 months, or increasing the amount of insecticide
used. Prolonging the ability of LLIN to kill fleas and bed-
bugs was said to increase persistent use.

Some informants proposed reinforcing persistent use by
establishing rules for LLIN use and imposing punishment
or awarding incentives for following the rules. Other
informants argued that the introduction of punishment
would create a social crisis for HEWs and decrease net
use. Inter-sectoral networking was suggested as a tool for
applying positive punishment.

Follow-up, supervision and evaluation of LLINs utilization
On one occasion, the Malaria Prevention and Control
District Office temporarily enforced punishment for
households that did not use nets or utilized them for
unintended purposes. Generally, however, strict follow-
up, supervision, and evaluation of the use and efficacy of
LLINs have reportedly not been carried out in the study
area:

HEW:s simply alerted us to take the nets. They simply
told us to use them properly. There is no regular
follow-up and supervision on how the community uti-
lizes the net.” (Male, 40 years old, community member
of Dugie Village, Layeye-Dugie Kebele)

The lack of follow-up and supervision constitutes a critical
gap in malaria control efforts. The absence of follow-up
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was attributed mainly to recent reduction in malaria
occurrence. Another reason for lack of follow-up was poor
community acceptance of local mobilizers delivering infor-
mation about net utilization. Inadequate HEW personnel
was reported as a reason for the weakness of malaria inter-
ventions in the community. Informants from the study
community reported that implementing comprehensive
interventions is beyond the capacity of HEW's because they
are ignored by local officials. Nevertheless, some commu-
nity residents praised the efforts of HEW's to obtain persist-
ent utilization even in the absence of behavioral change.
Some informants preferred bi-annual indoor residual
spraying (IRS) over using LLINs. They reasoned that IRS
was better for people with asthma, elderly people, and
those unable to hang nets; IRS had benefits in homes
with faulty plastering and in newly constructed houses.
Some informants preferred combining IRS and LLINSs.

Discussion

The findings of this study are organized into four themes:
(1) perceived benefits and shortcomings of LLINS, (2) un-
intended and perceived collateral uses of LLINS, (3) factors
that influence persistent utilization of LLINs, and (4) infor-
mants’ suggestions for increasing LLIN use.

Study participants gave high marks not for malarial
protection benefits of bed nets, but for their collateral
benefit of protecting against arthropods such as house
flies, crawlers, fleas, bedbugs, cockroaches, and spiders
in the first 3 months of use. Similar information was re-
ported from elsewhere in Ethiopia [14] and Uganda [13].
Loss of insecticidal effectiveness of LLINs after several
months, considered a critical limitation, was reported
elsewhere in Ethiopia [4, 14] and Kenya [9], where users
were not aware of the chemical impregnation of nets
and reported them ineffective as physical barriers. In our
study, informants noted that LLINs quickly became
dirty, faded, worn out due to repeated washing, degraded
under the conditions of rural houses and mice infestation,
and were no longer functional after 6 months. Doda and
colleagues [14] also reported LLINs non-functional and
repurposed after 6 months. Solomon et al. [21] reported
that LLINs had a 12-month median functional survival
time and that successive laundering significantly increased
feeding success and survival rates of Anopheles gambiae
sensu lato [34]. However, WHO indicates the serviceable
life span of LLINs to be 3 years [19, 20]. Our finding that
users reported that exposure to the chemicals caused skin
irritation was also reported in several others studies [4, 18].
Regardless of study population characteristics, some key
informants and most community residents questioned the
strength and size, including the mesh size of the current
LLINs in this study. Other studies also reported small net
size, weak physical integrity, and big mesh size as short-
comings of LLINs [11, 15, 35]. However, LLINs were
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highly credited for their strong texture, wide square shape
and large mesh size in other studies [15, 35].

In this study, key informants and residents preferred
circular-shaped nets due to their adaptability to any
sleeping space and ease of operation; this preference was
also reported by other studies [14]. The challenges and
shortcomings of rectangular nets—the complexity of
installation, the need for a wide area, and usefulness only
with beds in mud houses (although their installation
damages the mud walls)—were also reported by other
studies [4, 13, 14].

Our findings verified that the most common repur-
posed uses of nets were connected to the prevailing local
livelihood and socio-economic conditions. These uses
peaked during the harvest season. Other studies docu-
mented similar repurposed uses of nets [14, 36, 37]. In
our study, residents used LLINs for other purposes when
they determined the nets had ceased to serve their
intended purpose due to age or loss of mosquito-killing
capacity; this was also reported in other studies [14, 38].
Repurposing LLINs is an increasing phenomenon in
villages around Lake Tana. Similar studies elsewhere in
Ethiopia and Africa reported that residents repurpose
nets for various uses [4, 6, 9, 14, 38, 39].

We found misuse of nets, even when new, for a
wide range of purposes. Similar misuse was practiced
in other communities in Ethiopia and elsewhere in
Africa [4, 14, 40]. The reasons cited for the misuse of
LLINs in our study were the perception that malaria
has been controlled and the inability to hang nets in
all sleeping spaces. Similar perceptions that led to
misuse of nets were reported in other studies [14].

In our study, the main collateral uses of LLINs were
for killing and warding off of arthropods, protection
from hens, and protection from dust and debris, primar-
ily for infants. Such uses, particularly fighting bedbug
infestation, motivated residents to use nets persistently
for the first few months. Similarly, Birhanu et al. [4],
Strachan et al. [13] and Doda et al. [14] reported that
community residents obtained diverse collateral benefits
from LLINs beyond the prevention of malaria and the
nuisance of mosquitoes. In this context, promoting per-
sistent LLIN use can be most effective if accompanied
by interventions that can eliminate bedbug infestation.
WHO reported that bedbugs contribute indirectly to the
ineffectiveness of malaria interventions and recommended
the use of insecticides such as pyrethroids, diazinon, bend-
iocarb, and dichlorvos [41]. However, bedbugs have already
developed resistance to these insecticides and studies
recommended consideration of other disinfestation mecha-
nisms [42].

Our study found that inadequacy of nets in a HH,
inequitable distribution, and absence of on-time replace-
ment were first-line barriers to LLIN utilization. Such
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delivery-related constraints were reported by similar stud-
ies in Ethiopia [4] and Zanzibar [17]. The finding that in-
fants and pregnant women were most likely to use LLINs
persistently was also seen in other studies [4, 14, 43].

Persistent utilization of LLINs by villagers around
Lake Tana was to a great extent determined by socio-
demographic and socio-cultural characteristics, behav-
ioral factors and misconceptions, weather conditions,
and livelihood and economic factors. Equivalent factors were
reported in other communities [4, 11, 13, 14, 36, 44—49].
The perception that malaria is no longer a problem contrib-
uted to non-persistent net use was also mentioned in other
studies [4, 14, 18]. Our finding that dirtiness, aging, and
deterioration of LLINS, together with the perception that
LLINSs lose their insecticidal activity after washing, corrobo-
rates findings of other studies [4, 14]. In addition, failure of
the nets to protect against bedbug and flea infestations after
a few months was a predominant barrier of persistent use of
bed nets in the study communities. This was also cited as a
serious problem in other studies elsewhere in Ethiopia [14],
Uganda [13], and Rwanda [39].

Residents’ limited information about LLINSs, malaria
transmission, and vectors resulted in misperceptions and
negligence, which in turn led to non-adherence to net
use. Other studies confirmed such analytical associations
[14, 49-52]. Berhanu et al. [4] and Doda et al. [14] simi-
larly reported a behavioral shift away from LLIN use due
to perception of low malaria risk, saving of nets for fu-
ture use; lack of awareness and negligence accounted for
non-consistent use of LLINs. In addition, lack of clear
information about the life span of LLINs constrained
bed net use, corroborating the findings of other studies
[4, 9, 14, 53]. Misperceptions about the effectiveness of
insecticides after repeated washing were major barriers
to persistent use. These misconceptions were reported
from other communities in Ethiopia [4, 14], Ghana [54]
and Kenya [9]. A study in south-central Ethiopia showed
that LLINs were effective up to 24 months [21].

Sleeping spaces without beds and incompatible bed
structures were associated with the failure to use nets per-
sistently. Even small, thatched-roof houses were observed
and reported to be incompatible with use of rectangular-
shaped nets. Similar challenges were identified in other
studies [4, 13, 36]. These sleeping arrangements are an
indication of poverty.

Informants in our study suggested greater persistent
utilization of LLINs may be achieved through wider distri-
bution of circular or conical nets instead of rectangular
nets, a suggestion also reported in studies elsewhere in
Ethiopia [55] and Uganda [39]. Informants also proposed
provision of a portable net, such as a self-supporting and
sealed pop-up net, that can be used in any space indoors or
outdoors. Such a net might be easier for older children and
women to assemble and may also prevent, for example,
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soldier ants and reptile infestation. Other studies also rec-
ommended the development of portable, user friendly nets
that do not need external supporting structures [11, 56].
Another way to increase persistent use of mosquito nets,
resolving technical difficulties related to mounting and
using a net, may best be addressed at the manufacturer
level.

This analysis of 61 interviews with community residents
and key informants offers new insights into perceived
benefits and shortcomings of LLINSs, unintended and col-
lateral uses of LLINs, and reasons for non-persistent use,
including bedbug infestation, wearing out of LLINs, and
misconceptions about LLINs. These insights may help
Gondar Zuriya District Health Office take measures to
optimize persistent LLIN use to support malaria elimin-
ation efforts.

Conclusion

We conclude that wrongly perceived weaknesses of LLINs
were common; rectangular LLINs were considered infer-
ior to conical nets; unintended uses were widespread; col-
lateral benefits of nets were considered important; and
behavioral, socio-cultural, livelihood, housing, and net
delivery-related factors generally impeded persistent use
of LLINs. Suggestions made by informants for increasing
persistent LLIN use, including the provision of nets that
are structurally compatible with sleeping spaces and the
delivery of adequate information about malaria vectors
and the properties and proper uses of LLINs to the com-
munity indicate substantial accumulation of knowledge
that may guide effective LLIN programs in the study area.
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