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Abstract

Background: Pregnant women, after frequent infections with Plasmodium spp., may develop
immunity that can result in asymptomatic malaria. Though asymptomatic, the women harbor
parasites that can trigger deleterious effects in maternal and child health, and can reserve
gametocytes for perpetuation of transmission in an area. Therefore, this study aimed at
determining the prevalence of asymptomatic malaria and related risk factors among pregnant
women living in the malarious areas of Arba Minch Zuria District, Southern Ethiopia.

Method: A community based cross-sectional study comprising multistage sampling was
conducted from April to June 2013 on 341 pregnant women in the malarious areas of Arba
Minch Zuria District, Southern Ethiopia. Socio-demographic & economic data were collected
with questionnaire. Malaria parasites were detected by Giemsa-stained blood smear microscopy
and SD BIOLINE Malaria Ag Pf/Pv POCT test. Packed cell volume was determined by
microhematocrit centrifugation to define anemia. Data were analyzed by SPSS 16; integrating
both descriptive and inferential statistics with 95% confidence interval for odds ratio
calculation.

Results: Of the total 341 pregnant women participated in this study, 31 women (9.1%) by
microscopy with the mean parasite density of 3202.58/ul, and 33 women (9.7%) by the rapid Ag
test were positive for malaria. The species diagnosed by microscopy & rapid test, respectively,
were P.falciparum (38.71% & 39.4%), P.vivax (48.38% & 48.5%), and mixed Pf+Pv (12.9% &
12.1%). The sensitivity and specificity of the rapid test when compared to microscopy were
100% and 99.35%, respectively. Parasitemia was more likely to occur in primigravidae
[Adjusted odds ratio (AOR)= 84.40, 95% CI: 7.30-976.53, P<0.001], secondigravida
(AOR=16.34, 95% CI: 2.98-89.53, P=0.001), using insecticide treated net (ITN) sometimes
(AOR=10.22, 95% CI: 1.80-57.95, P=0.009), not using ITN at all (AOR=4.61, 95% CI: 1.48-
14.41, P=0.009), age group of 31-35 years (AOR=24.74, 95% CI: 2.31-265.42, P=0.008), and
age group of >35 years (AOR=69.26, 95% CIl: 3.99-1200.86, P=0.00) compared to
multigravida, using ITN always & young age(<21 yrs), respectively. Of the total study subjects,
118 (34.6%) were anemic. Anemia was likely higher in Plasmodium infected women
(AOR=12.76, 95% CI: 2.40-67.73, P=0.003), using ITN sometimes (AOR=7.33, 95% CI:1.83-
29.42, P=0.005), not using ITN at all (AOR=2.06, 95%Cl: 1.07-3.99, p-value=0.032) related to
malaria negatives & using ITN always, respectively. There was a significant correlation between
increasing malaria parasite load and decreasing hematocrit (r = —0.463, P = 0.009).
Conclusion. The prevalence of asymptomatic malaria in this study is moderate, however it has
shown significant association with anemia in pregnant women. Symptomless malaria may create
problems in Ethiopia where malaria control is essentially based on the treatment of symptomatic
patients & mosquito control. It is, therefore, critical to design strategies that assist to diagnose
pregnant women for asymptomatic malaria through the antenatal care(ANC) service package.
Key Words: Asymptomatic Plasmodium spp. Infection, Pregnancy, Anemia, Microscopy,
Malaria Rapid tests.
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Chapter One
1. Introduction

1. 1 Background

1.1.1 Malaria Etiology

Malaria is an infectious vector-borne disease caused by a single-celled protozoan parasite of the
genus Plasmodium. Plasmodia are obligate intracellular parasites which are able to infect and
replicate within the erythrocytes after a clinically silent replication phase in the liver (1). For the
past 80 years, human malaria has traditionally been known to be caused by four Plasmodium
species (spp.)—P. falciparum, P. vivax, P. ovale, and P. malaria. Studies have confirmed the
existence of two indigenously sympatric fully distinct P. ovale species: P. ovale curtisi and P.
ovale wallikeri in both Africa and Asia (2, 3). These two ovale species have been identified even
in a single individual (4, 5). Recently, a fifth species named P. knowlesi, which was formerly
known to cause malaria only in macaques, has been recognized as a cause of malaria in humans
in Southeast Asia (1, 6).

Transmission of malaria among humans is by the bite of female mosquitoes of the genus
Anopheles. Female mosquitoes take blood from human body which is required for egg
production, and hence such blood meals are the link between the human host and the mosquito
vectors in the parasite life cycle (1, 7). The successful development of the malaria parasite in the
mosquito vector depends on several factors. The most important are ambient temperature and
humidity (7-9).

The pathogenesis of malaria is complex and the clinical presentation of the disease is classified
in three main clinical groups: asymptomatic (presence of malaria parasite without malaria
symptoms), mild, and severe malaria. In malaria-endemic areas, a significant proportion of
individuals considered asymptomatic, harbor parasites without presenting signs of clinical
malaria. The apparently healthy asymptomatic carriers are a major source of infective
gametocytes for the mosquito population and also develop risk of maternal anemia, low-birth-
weight baby and still birth (10, 11).



1.1.2 Epidemiology

Malaria is the most prevalent tropical infectious disease in the world. Malaria disease excessively
affected the poor, children under the age of 5 years and pregnant women. World Health
Organization (WHO) estimated that there were an estimated 216 million episodes of malaria in
2010, of which approximately 81% or 174 million cases were in the African Region(12). There
were an estimated 655,000 malaria deaths in 2010, of which 91% were in Africa (12), although a
recent systematic analysis indicated that the global death toll exceeded 1.2 million in 2010 (13,
14). Malaria in pregnancy is a major public health problem in endemic countries. There are a
plenty of evidences showing that the risk of malaria is higher in pregnant than non-pregnant
populations, possibly due to the immunological, hormonal changes or other factors occurring
during pregnancy (15).

Malaria is a major public health problem in Ethiopia, where about two-thirds of the population is
at risk of infection with an estimated 48 million people—68% of the Population—Ilives in areas
with risk of malaria and three-quarters (75%) of the total land mass is regarded as malarious. P.
falciparum and P. vivax are the two predominant malaria species, accounting for 60% and 40%
of malaria cases, respectively (16, 17). In 2011, approximately 2.6 million cases of malaria were
reported in Ethiopia, down from approximately 4 million cases in 2010 (18). In the southern part
of the country, malaria remains to be the leading cause of 27.6% outpatient morbidity, 28.7%
admission, and 46.4% death in the year 2009/2010 (19).

1.1.3 Vectors and transmission pattern

In Ethiopia, Anopheles arabiensis is the major malaria vector followed by An. pharoensis and
other secondary vectors include An. funestus and An. nili. Like all other mosquitoes, these breed
in water, each species having its preferred breeding grounds, feeding patterns, resting place and

variable sensitivity to insecticides (17, 20).

The transmission of malaria in Ethiopia follows a seasonal pattern depending on altitude and
rainfall with a lag time varying from a few weeks before the beginning of the rainy season to
more than a month after the end of the rainy season. It peaks bi-annually: The major transmission
of malaria occurs between September and December following the June to September rainfall,
while the minor transmission season occurs between April and May following the February to

March rainfall. Some localities also experience perennial malaria, because the environmental and
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climatic situations permit the continuous breeding of vectors in permanent breeding sites. Many
areas in the south and west of the country have a main rainfall season beginning earlier in

March/May or have no clearly defined rainfall season (21, 22).

Epidemics of malaria are relatively frequent involving highland or highland fringe areas of
Ethiopia, mainly areas 1,000-2,000 m above sea level. Due to the diversity of topography and
variation of climate of the country, the nature of malaria transmission in majority of parts in
Ethiopia is unstable (21, 22).

1.1.4 Status of malaria control

Despite the current strong control efforts in reducing the burden of malaria in the areas of stable,
seasonal and sporadic malaria transmission, malaria remained an inflexible problem in much of
Africa—most deaths by the etiology of P. falciparum (23). Given the enormous genetic and
genomic diversity of malaria parasites, the emergence of antimalarial drug resistance is
unavoidable. Reports of emerging resistance to the newest family of antimalarial drugs—the
artemisinins—are particularly disturbing (24), and drug discovery is struggling to keep ahead of

the spread of resistance (25).

Moreover, insecticide resistance is again becoming a problem (26), and the parasites showing
evasion of immune responses, so resulting in hindrance of vaccine development approaches (27).
These problems have led to an acceptance that sustainable reductions in malaria morbidity and
mortality will require the development and deployment of drugs and vaccines to prevent the
transmission of malaria from human to mosquito, thus interrupting the sexual phase of the

parasite life cycle in which new (resistant and multiresistant) genotypes emerge (28).

In Ethiopia, early diagnosis and prompt treatment is one of the key strategies in controlling
malaria. Blood smear microscopy and malaria rapid diagnostic tests (RDTSs) represent the two
diagnostics most likely to have the largest impact on malaria control today. For areas where
laboratory facilities are not available, clinical diagnosis is widely used. Microscopical diagnosis

is not accessible in most peripheral health facilities and at these sites, RDTs are used (29, 30).

RDT can provide a feasible platform for the diagnosis and treatment of the majority of
asymptomatic carriers in rural communities. It has the advantage of detecting circulating

antigens, even when the parasites are sequestered in the deep circulation and not visible by
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microscopy (31, 32). The mass distribution of insecticide-treated bed nets (ITNs), coupled with
increasing use of long-lasting ITNs(LLINS), indoor residual spraying (IRS) and nationwide
adoption of artemisinin-based combination therapy (ACT) resulted in substantial declines in
malaria-related deaths in Ethiopia (12, 30, 33).

1.2 Statement of the problem
Despite a plenty of studies on the clinical severity of malaria disease, asymptomatic malaria

infections are still poorly recognized. In malaria endemic countries, a large proportion of
Plasmodium infections are asymptomatic or sub-clinical (34, 35). Asymptomatic malaria remains
a challenge for malaria control programs as it significantly influences transmission dynamics,

and has great health impact on asymptomatic carriers (10, 36).

Asymptomatic infections go undetected and untreated, thus resulting in a major reservoir of
gametocytes for transmission by mosquito vector (10, 36, 37) or can be a precursor in
progression of symptomatic form of malaria as indicated by other studies that individuals with
asymptomatic parasitemia may have a higher risk of developing symptomatic malaria than those
without evidence of parasitemia (38). The reason why do asymptomatic individuals eventually
develop clinical malaria has also been determined that whenever an “immune” individual
becomes exposed to a new Plasmodium strain, he or she may develop clinical malaria (39).
Gouagna et al. have demonstrated that gametocytes from asymptomatic individuals are more

infectious to mosquitoes than parasites from symptomatic individuals (38, 40).

Few studies are available on asymptomatic malaria caused by species other than P.falciparum
(10). Often regarded as “benign,” P.vivax infections lay in the shadows of the much more
virulent P.falciparum infections. However, about 1.98 billion people are at risk of both parasites
worldwide (41). Although less lethal, P.vivax is more difficult to control and eliminate than
P.falciparum because of its tendency to relapse after resolution of the primary infection (42, 43).
P. vivax’s ability to relapse accelerates the acquisition of clinical immunity more rapid than

falciparum and thus vivax relapse serves as an immunity boosting mechanism (41).

For more than two decades, researchers have investigated the development of two types of
immunity, which may result in asymptomatic malaria: 1) an anti-disease immunity that allows

one to carry parasite loads without symptoms; and 2) an anti-parasite immunity that may be



responsible for the suppression of parasite loads after a certain age, which is likely a factor of
exposure-related clinical immunity. Exposure-related immunity may be achieved much earlier in
life for individuals who live in low transmission regions due to predictably low parasite genetic

diversity and few overlapping infections (10, 44).

Asymptomatic malaria is commonly known to be occurring in regions of high and moderate
transmission including Ghana, Kenya, Senegal, Gabon, Nigeria, Uganda, Thailand, Burma and
Yemen where exposure-related immunity is expected to develop, however, currently it has also
been reported in low or unstable transmission settings such as hypoendemic Kenya, Amazon
region of Brazil and Peru, Colombia, Solomon Islands and Principe (10, 36, 37, 45). Studies
have confirmed that asymptomatic parasitaemia occurs in the absence of intense transmission

and it persists inter-seasonally in places with seasonal transmission (46-49).

Although transmission intensity is thought to help maintain immunological memory, other
factors including parasite and host factors may be associated with the occurrence of
asymptomatic malaria within different regions. Studies in the low transmission Peruvian Amazon
demonstrated that high parasite exposure is not necessary for the development of B-cell memory
or long-lasting antibody titers. As this study indicated, even in conditions where the possibility of
re-infection is excluded, P.falciparum infection has been shown to persist asymptomatically in

semi-immune individuals for more than 18 months (10, 50-52).

Sub-Saharan Africa records each year about thirty-two million pregnant women living in areas of
high transmission of malaria (53). Pregnant women have a higher risk of malaria compared to
non-pregnant women (15). In sub-Saharan Africa, malaria in pregnancy contributes to 15% of
maternal anemia, 14% of low birth weight infants, 70% of intrauterine growth retardation, 36%

of premature deliveries, and 8% of infant mortality (54-56).

The susceptibility of pregnant women to malaria parasites has been linked to the level of
antibodies to placental sequestrated parasites and depression of the cell-mediated immune
response to Plasmodium antigens. Subpopulation of P.falciparum and P.vivax infected
erythrocytes sequester in the placenta by expressing surface antigens, mainly variant surface
antigen (VAR2CSA), that adhere to chondroitin sulphate-A (CSA) receptors expressed by

syncytiotrophoblasts in the placenta. This is more marked in the first 24 weeks than during the



third trimester. Primigravida and secondigravidae are more susceptible, as anti-adhesion
antibodies against CSA-binding parasites associated with protection only develop after
successive pregnancies(57, 58).

An asymptomatic infection in pregnant women can cause more severe outcomes than in non-
pregnant women because it can result in serious impact on both maternal and infant health that
includes maternal anemia, peripheral and placental parasitaemia, intrauterine growth retardation
and delivering low birth weight baby(10, 11, 59).

Anaemia is the most common symptom of malaria in pregnancy and usually develops during the
first and second trimesters. It is a condition in which the number of red blood cells or their
oxygen-carrying capacity is insufficient to meet physiologic needs, which varies by age, sex,
altitude, smoking, and pregnancy status. It is a reduction in the concentration of hemoglobin
(Hgb) level (<11 g/dl at sea level), which can be indicated by packed cell volume (PCV) or red
blood cell count when below normal (60, 61). Malaria causes reduction in Hgb concentration by
a number of ways, mainly by destruction and removal of parasitized red cells and the shortening
of the life span of non-parasitized red cells, and decreasing the rate of erythrocyte production in
the bone marrow. Other mechanisms causing reduction of Hgb level during malaria are
associated with the acute clinical states (e.g., hemolysis or cytokine disturbances), whereas

chronic or repeated infections are more likely to result in dyserythropoiesis (60-62).

The susceptibility of pregnant women to malaria is well established. However, no
epidemiological data about pregnant women have been recorded in the study district, where P.
falciparum or P.vivax malaria is endemic. Therefore, in order to fill these gaps, a community
based cross-sectional study was employed to assess asymptomatic Plasmodium parasitaemia and
its relationship with various sociodemographic and socioeconomic factors among pregnant

women in the rural district surrounding Arba Minch, Southern Ethiopia.

1.3. Significance of the study
Malaria control strategy in Ethiopia has more emphasis on vector control and treatment of

symptomatic cases, by ignoring asymptomatic malaria carriers possibly due to unstable nature of
disease transmission in most parts of the country. However, currently many asymptomatic

malaria cases have been reported in both stable and unstable transmission settings. Studies have



confirmed that asymptomatic parasitaemia occurs also in the absence of intense transmission and

it persist inter-seasonally in places with seasonal transmission.

Asymptomatic carriers do not seek treatment for their infection and, therefore, constitute a
reservoir of parasites and thus a real public-health risk may occur. Asymptomatic pregnant
women are associated with complications like anemia, intrauterine growth retardation and low-
birth-weight baby. Therefore systematic identification and treatment of individuals with
asymptomatic Plasmodium spp. as part of a surveillance intervention strategy reduces the

complications and eliminates the parasite reservoir for disease transmission by mosquito.

Therefore, this study result is useful to determine the existing significant variables related to
malaria and anemia to guide the antenatal care service to work towards alleviating the problem
with an appropriate care. Developing systematic screening strategies for malaria parasites and
anemia at booking, prompt parasite clearance, education on usage of ITN during pregnancy and
correction of anemia can reduce the prevalence of malaria and related anemia, and also obstetric
complications associated with it. This study finding is also expected to fill gaps in this area of
research. By being added to the existing body of knowledge, it will help other researchers as

reference for their work.



Chapter Two
2. Literature Review

2.1 Literature review

According to a cross-sectional study, which was conducted at ANC of Saint Camille Medical
Centre in Burkina Faso, the prevalence of asymptomatic malaria among pregnant women was
found to be 30% and 24% with RDT and microscopy, respectively. The study has shown that the
sensitivity and specificity of RDT were 100% and 92% respectively for the detection of
asymptomatic malaria as compared to microscopic diagnosis. The mean parasite density among
pregnant women as seen from the study was 4058 parasites/ul. The study suggested that anaemia
was significantly more common in women infected with malaria (33% prevalence) compared

with the uninfected pregnant women (10% prevalence) (11).

Another study which was conducted among asymptomatic pregnant women in Nanoro,
Boulkiemde™ Province, Burkina Faso, reported malaria prevalence of 30% by microscopy and
47% by HRP2 RDT. As this study suggests, the HRP2 RDT detects more cases than microscopy.
The RDT detect circulating antigen or nucleic acids, which might be adequate for identifying
women with placenta malaria (63). Other similar studies conducted among pregnant women in
Cote d’Ivoire and Senegal also reported the high sensitivities of rapid malaria detection test
relative to blood smear microscopy as 100% and 96%, and specificities of 88% and 87%,

respectively (64, 65).

A study carried out in Calabar Nigeria indicated high prevalence of asymptomatic malaria
parasitemia (95.4%) by Giemsa stained smear microscopy. In this study it was found that there
was a statistically significant association between severity of parasitemia and degree of anemia.
All participants who had no parasitemia had normal PCV. 58.4% of participants who had mild
parasitemia were mildly or moderately anemic; while the majority (66.7%) of those who had
severe parasitemia were severely anemic. Malaria cause anemia mostly in the second trimester of
pregnancy when there is accelerated fetal growth and may develop suddenly in severe

parasitaemia that may persist into the third trimester (66).

A cross-sectional study conducted in pregnant women of Entebbe, Uganda showed that the

prevalence of asymptomatic P. falciparum malaria parasitaemia was 10.9%. This study



suggested that, among pregnant women in Entebbe, Uganda, malaria is more important
infectious causes of anemia than helminthes. The prevalence of anaemia was 39.7%. Anaemia
showed little association with the presence of any helminth, but it showed a strong association
with malaria (67).

According to the study conducted in pregnant Nigerian women: almost a decade after Roll Back
Malaria, of 125 pregnant women tested, 73 had microscopic Plasmodium parasitaemia, giving a
prevalence of 58.4%. Asymptomatic malaria parasitaemia was more common in primigravidae,
where 32 (65.3%) of 49 women were positive, followed by multigravidae with 39(55.7%) of 70
women. The lowest occurrence was in grandmultigravidae with 2 (33.3%) of 6 women testing
positive. These relationships were statistically significant. From this study, Anemia in pregnancy
was prevalent (55.2%) and there was no significant difference in the density of parasitaemia in
those with mild, moderate, and severe anemia. The prevalence of malaria parasites was higher in
younger (65.7%; 46/70) than older pregnant women (49.1%; 27/55). This relationship was also
statistically significant (68).

Another cross-sectional study, which was, conducted at ANC of University of Calabar Teaching
Hospital, Nigeria with unstable malaria transmission indicated that the prevalence of malaria
parasite infection was 70.1% in pregnant women. Prevalence of anaemia and malaria parasite
was found to be higher in the primigravidae than in the multigravidae. Primigravidae were found
to be susceptible to malaria with a significantly higher parasite density 2112.50+420.90 than the
multigravidae 446.70+296.90. Anaemia was also found to be higher (64.4%) in primigravidae
than in multigravidae (60.7%) (61).

This study indicated that malaria parasite density increased significantly with gestational age but
anaemia was more prevalent in the second trimester than in the other trimesters. Pregnant women
appear to be more anaemic in their second trimester (65.8%) than the 3rd trimester (64.5)
although those in their 3rd trimester were more infected with malaria parasite (80.2%) than the
pregnant women who were in their second trimester (67.6%). The pregnant women who were in
their 1st trimester were the least infected with malaria parasite (40.8%). This study indicated that
the pregnant women within the age bracket of 25 - 34 years had the highest number of positive
sample(45.7%) with the mean parasite density 937+331.5 while those within 35-45 years had the
least positive sample (6.8%) with the mean parasite density of 64+135.6 (61).
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Similarly, a cross-sectional ANC study in Libreville, the capital city of Gabon indicated 57%
women had microscopic parasitaemia by blood films stained with Giemsa. The parasites
densities were higher in primigravidae and teenagers. The prevalence of anaemia was 71% and
was associated with microscopic P. falciparum parasitaemia: women with moderate or severe
anaemia had higher parasite prevalences and densities. This study also indicated that parasite
densities were higher in primigravidae and teenagers (69).

Study from Ghana also reported the 36% prevalence of P. falciparum among the asymptomatic
pregnant women and 44% of the participants were anemic (Hgb < 11 g/dL) with the mean
hemoglobin level of 10.98+2.32 (38). Findings from studies assured the high prevalence of
malaria in asymptomatic pregnants and its impact on Hgb level obviously in lower gravidities.
However, there was also a study which have revealed higher rates of anaemia among

primiparous women compared to multiparous ones as of Sekyere West District Ghana (70),

According to a study took place on malaria infection among pregnant women attending antenatal
clinics in six Rwandan districts, there observed that the overall prevalence of malaria infection
was 13.6%. As the study suggests, anaemia prevalence mirrored that of malaria infection. Both
malaria and anaemia reflected differences in different districts. The prevalence of infection was
significantly higher in primigravidae than in the higher gravidities. Prevalence of anaemia was
11.8% and was higher in primigravidae than in secundigravidae and multigravidae. Parasitaemia,
gravidity and district were found to be significant risk factors for anaemia and were kept
significant in multivariate analysis. Parasitaemic women had a 75% higher risk of being anaemic

than negatives; and this risk inversely related to increasing parity (71).

In a cross-sectional study conducted at ANCs of two district hospitals in Jharkhand State, India,
2,386 pregnant women were enrolled per 12 months period and 1.8% (43/2382) were found to
be positive for malaria (53.5% P. falciparum, 37.2% P. vivax, and 9.3% mixed infections) by
Giemsa-stained blood films and/or RDTs using peripheral blood. This study suggested that
peripheral parasitaemia was more common in pregnant women in rural settings and in younger
age groups below 20 years (72).

Epidemiology of malaria during pregnancy is highly variable in the different transmission

settings in sub-Saharan Africa. In a cross-sectional study which took place in Ethiopia, an
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asymptomatic peripheral malaria parasitemia was identified in 10.4% of women attending
antenatal care clinics at one stable transmission site and in 1.8% of women at three unstable

sites; parasitemia was associated with anemia in both stable and unstable sites (56).

A community based study conducted in Gilgel Gibe dam area, Southwest Ethiopia in the year
2011 reported malaria prevalence of 11.59% (45/388) in the pregnant women. This study
indicated that malaria had significant association with anaemia. Of these malaria positives, 93.3
% (42/45) were found to be anaemic; while the prevalence of anemia among the whole study
subjects was 53.9 % (209/388). Findings from this study indicated that pregnant women from
rural residences, not using ITN during the study period, those who were Plasmodium infected
and those with STH infection were highly likely to be anaemic compared to those from urban
residences, using ITN, free of Plasmodium and STH infection. There was found a statistically
significant correlation between an increasing parasite counts and the decrease of hematocrite
values (60). A study from Nigeria (73) also indicated significant correlation between increasing

parasite counts and decreasing haemoglobin levels.

The use of ITN has been advocated and has shown potential efficiency in the control of mosquito
bites. However, frequently, a pregnant woman might not remain under the net for more than 8
hours a day; hence it does not give complete protection against malaria (73). ITNs only give
protection while sleeping inside the net, with increased vulnerability to mosquito bites. The
reasons for absence of ITN use among the pregnant women were: psychological effects of
suffocation while sleeping under the net, ignorance of the risks of malaria during pregnancy, cost
of the net in self-marketing, having only worn-out bed nets (ragged by rats), hanging problem
due to dirty bed nets, changes in bed arrangement, unsuitable housing structure and considering
alternatives such as insecticide sprays (IRS). Other inconvenient practices are utilization of bed
nets as bed sheets to cover the mattress of a bed and using the nets as curtains for doors,

windows and traditional pit latrines (74).

Prevalence of anemia among Ethiopian pregnant women was high according to different
antenatal care studies. Anaemia prevalence of 41.9% in Jimma health center, Ethiopia (75), 23%
in Asendabo health center, Ethiopia (76), and 51.9% in Bushulo health center, Ethiopia (77) were

also reported in pregnant women attending ANC. Generally, asymptomatic malaria parasitaemia
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is significantly associated with different sociodemographic factors and has great health impact on

the level of hemoglobin in pregnant women.
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Figure 1. Conceptual framework for factors associated with malaria and anemia among
pregnant women in the Arba Minch Zuria District, Southern Ethiopia, from April to
June 2013.
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Chapter Three

3. Objectives

3.1. General objective

To determine the prevalence of asymptomatic Plasmodium infection and associated risk
factors among pregnant women in Arba Minch Zuria District, Southern Ethiopia

3.2. Specific objectives

To determine the prevalence of asymptomatic Plasmodium infection among pregnant women
To compare asymptomatic malaria prevalence by rapid test with that by light microscopy

To identify associated risk factors for asymptomatic Plasmodium infection

To assess the effect of asymptomatic Plasmodium infection on the hematocrit level of the

women
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Chapter Four
4. Materials and Methods

4.1 Study setting and period

This study was conducted from April to June 2013; in the malarious villages of the Surrounding
District of Arba Minch, Southern Ethiopia. The area locally called as “Arba Minch Zuria
Woreda” which is one of the Districts in the Southern Nations, Nationalities, and Peoples'
Region of Ethiopia. Arba Minch is the capital of Gamo Gofa Zone which is located 505 km
South of Addis Ababa, the capital city of Ethiopia. As part of Gamo Gofa Zone, which is
located in the Great Rift Valley, Arba Minch Zuria District included portions of two rift valley
lakes, Abaya and Chamo and their islands. Nechisar National Park is located between these
lakes. The presence of Lakes, Abaya and Chamo in the surroundings of the district result in
intense malaria transmission in the area as the shores of the lakes favor malaria vector breeding.
The distance of the household from the shores of the lakes was found to be one of the significant

predictors of malaria infection in the area (78).

The Arba Minch town lies in tropical climatic zone locally known as “Kolla” (1,200-1,300 m
above sea level) with an average annual temperature of 29.7°C and rainfall of 700 mm. There are
11 highly malarious villages out of 30 villages in the Arba Minch Zuria District. The villages are
found at an average altitude of 1,206 m above sea level with a rainfall of 950 mm and with the
same average annual temperature to the town. The rainfall pattern of the area is almost similar to
other parts of Ethiopia with the long rainy season starting in June and extending up to
September, while the short rainy season begins in February/March and extends to April/May or

irregular, the whole year round rainfall pattern occurs (79, 80).

Based on the 2007 Census conducted by the Cental Statistical Agency, Arba Minch Zuria
Woreda has a total population of 164,529, of whom 82,199 are men and 82,330 women. The five
largest ethnic groups reported in Arba Minch Zuria were Gamo (69.53%), Amhara (7.94%),
Wolayta (6.75%), Zayse (6.02%), and Oromo (3.64%); all other ethnic groups made up 2.28% of
the population (81, 82).
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The dominant income generation source is agriculture for this rural population. The main socio-
economic activities of the local communities are mixed farming involving the cultivation of
staple crops combined with cattle and small stock raising. Mango, banana, and maize are the
major cash crops in the area. Almost all households in the District have mango and banana
plantation within their compound.

4.2 Study design

A community based cross-sectional survey
4.3 Population

4.3.1 Source population

All pregnant women in the study community

4.3.2 Study population
Apparently healthy pregnant women in the study community

4.3.3 Study participant

Apparently healthy pregnant women who meet the inclusion criteria

4.4 Inclusion and exclusion criteria

4.4.1 Inclusion criteria
e Absence of disease symptom/sign within the past 48 hours
e Axillary temperature <37.5°

e Permanently resident in the study area

4.4.2 Exclusion criteria
e Individuals having taken anti-malarial drugs in the past six weeks prior to sampling.

e Those who are undergoing any kind of long term medical treatments.

4.5 Sample size determination and sampling technique

4.5.1 Sample size calculation
The required sample size for this study was calculated using a formula for a single population
proportion. The peripheral malaria prevalence of 11.59% from a community based study

conducted among pregnant women in Gilgel Dam Area, Southwest Ethiopia (60) was used for
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estimation of the sample. Taking 95% confidence interval and +5% marginal error, sample size
(n) is determined using the following statistical formula.

_Z*P(1-P)
S

= (1.96)? (0.1159) (1-0.1159) / (0.05) =157.45~ 157

n

Where, P= Prevalence rate of 11.59%,
n = Sample size,
Z = 95% confident interval
d=Bond on sampling error tolerated between the sample and population: £5%
a = Critical value at 95% confidence interval of certainty (1.96)
By taking a design effect of 2 and non-response rate of 10%, the total sample size became 346.

4.5.2 Sampling technique

Multistage sampling technique was employed in selection of the study subjects. Arba Minch
Zuria District consists of 30 villages, of which 11 have been known to be malarious villages with
intense transmission pattern (79). Eight study villages, from the known 11 malarious villages in
the District, were selected by simple random sampling using lottery method. The sample size
was then distributed proportionally to the villages based on the size of their pregnant women
population (Figure 3). The selected study villages were chano Mile, Chano Dorga, Chamo Shele,

Chano Chalba, Aelgo Gonto, Genta Kenchama, Chano Lante, and Kolla Shara.

At the village level, the households where pregnant women live were selected by simple random
sampling by using the sampling frame which was prepared after having identified the pregnant
women in the households by the preliminary assessement through active house-to-house visits.
Computer generated random numbers were used for the random selection of the study
households or study participants. In the cases where more than one eligible women were
encountered in a single household, a lottery method was used to select a woman to be recruited
to the study. Pregnant women were identified with the support of rural health extension workers,
who are working in each of the villages. The health extension workers guided us in the

preliminary assessement by indicating the houses where pregnant women were living.
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Figure 2. Flow chart indicating the sampling procedure for a study conducted on asymptomatic
malaria among pregnant women in the Arba Minch Zuria District, Southern Ethiopia,
from April to June 2013.

Where; N=the whole number of pregnant women in all study villages, N=the total study

subjects/sample, Nj=the whole number of pregnant women in each study village, Nj=the number
of pregnant women proportionally sampled from each study village

Proportional allocation of the sample from each study village was performed as :

ni = ~X Ni
N
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4.6 Measurement
4.6.1 Study variables

4.6.1.1 Dependent variable
e Plasmodium infection

e Hematocrit level

4.6.1.2 Independent variable

o Age

e Gestational period

e Gravidity

e Educational status

e Occupation

e Family income

e Family size

e ITN use

e IRS of insecticides with in past 12 months
4.6.2 Data collection instrument
4.6.2.1 Questionnaire & Laboratory request
A semi-structured questionnaire having both closed and open ended questions was prepared. The
questionnaire was initially prepared in English and then translated to Amharic by two
independent translators, and the consistency was checked. Reverse translation of the
questionnaire ensured the accuracy and compatibility of the first translation. The questionnaire
incorporated socio-demographic and socio-economic informations, reproduciove histories of
mothers such as parity, gravidity, and antenatal clinic visits, and disease prevention methods
including IRS and ITN usage. The Laboratory format was also used to record the laboratory test
results. Prior to data collection, the questionnaire was pre-tested on 5% of the total sample size
in similar setup outside the study area and appropriate changes were made according to the

feedback received. The questions were checked for clarity, completeness, consistency,

sensitiveness and setting of time required to conduct interviews and the questions which posed
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difficulty or unclear were rephrased and corrected. Unnecessary questions were excluded and

missed questions were incorporated where necessary.

4.7 Data collection

4.7.1 Socio-demographic and socio-economic survey

The survey was conducted using semi-structured questionnaire having both closed and open
ended questions. Data collectors who could speak both Amharic and the local language were
hired for this particular study to attain standardization and maximize the interviewer reliability.
Two laboratory technicians from Arba Minch hospital and the District Health Center, one having
a work experience of 5 years and the second having 6 years; one supervisor who was also a
laboratory technician, field technical assistants and guide persons were involved for interviewing
the pregnant women after obtaining their verbal and written consent. Each pregnant woman
resident in the study villages was assigned a household number and name identifying the
household number. A face-to-face interview was held to collect relevant data from each pregnant
woman. Interviews were conducted privately to maintain confidentiality and avoid family and

peer pressure.

4.7.2 Parasitological and hematological Survey

Together with the socio-demographic and socioeconomic information, peripheral blood samples
were collected from a finger prick using disposable lancet by the laboratory technicians
following standard WHO protocol (83). The specimen processing was organized in such a way
that all three tests: malaria RDTSs, both thick and thin blood films for microscopic examination of
malaria parasites and hematocrit determination were performed simultaneously from each

surveyed individual‘s single finger prick blood as per WHO guidelines (83).

4.7.2.1 Blood film preparation and examination of malaria parasites

Before taking the blood sample, new frosted glass slides were extracted from the slide packets
and labeled in the field in such a way that the slide code could match with the file of the
particular pregnant woman. Then, the finger was cleansed with a swab moistened with 70%
isopropyl alcohol, dried with a piece of dry cotton, punctured with a disposable blood lancet.
Through wiping off the first drop of blood, thick and thin films were made on the same slide by

the laboratory technitians. After being air-dried in a horizontal position, the slides were placed in
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a slide box and transported daily to Arba Minch University Hospital for staining and microscopic
examination. During the collection period, samples were dried at room temperature before

storage and were shipped at 4°C for examination.

Soon after the completion of each day field work, the thin blood films were fixed on the day of
collection in absolute (100%) methanol for 30 seconds at the Hospital Laboratory. Then staining
and examination of the films was conducted according to WHO protocol. With in 24-48 hrs of
collection, the films were stained with 10% Giemsa working solution for 10 minutes and
examined by light microscopy. Malaria parasites were detected by observing the morphological
appearance of parasites in the infected red blood cells by microscopy of blood films under 100x
oil immersion objective. Thick films were used to search/detect malaria parasites and quantify
the parasity density, while thin films were used to confirm/identify the parasite species.

Two laboratory technologists from the Hospital, each having a work experience of above 5 years,
were hired to examine the blood films. Initial microscopic examination of thick films using high
power magnification for the presence of parasites and parasite species identification using thin
films under 100x oil immersion objective was carried out. Parasite density was determined on
the basis of the number of parasites per 200 white blood cells (WBC) on a thick blood film
assuming a total WBC count of 8000/ul. The degree of parasite density was graded as mild or +,
moderate or ++, and severe or +++ when the counts were between 1-999 parasite/ul, 1000-
9999/ul, >10,000/ul, respectively, following the method described by Cheesbrough (84) and
based on WHO guide (83). The principal investigator in collaboration with the other data

collectors performed the field data collection and the initial microscopic examination.

The slides were again read by the next microscopist who was blinded to the other’s readings.
Criteria for a second microscopy reading were: slides positive for Plasmodium spp. at first
microscopy reading; individuals with discrepant microscopy and RDT results; severely anaemic
individuals (HCT <21%); and a randomly selected 10% of negative slides. The crosscheck or
second round confirmatory reading was performed at the same hospital laboratory by the next
microscopist who was blinded to the findings of the first microscopic reading and the RDT result
(83). Discrepancy between the first and second readings was settled by a third senior
microscopist, whose readings were considered final. The discrepant microscopy result for

parasite counts was resolved by calculating the percentage discrepancy. The total leukocyte
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count determination for each participant were done using the improved Neubauer chamber as
described by Baker and Silverton (85). [Details on Annex 8.1]

4.7.2.2 SD BIOLINE Malaria Ag P.f/P.v POCT.

Results of malaria RDTs were recorded onsite at the field. The rapid diagnostic test used in this
study is SD BIOLINE Malaria Ag P.f/P.v POCT (point of care test), Korea. This test is one step,
rapid, qualitative and differential test for the detection of HRP-II (Histidine-rich protein 1)
specific to P.falciparum and pLDH (Plasmodium lactate dehydrogenase) specific to P.vivax in a
human blood sample. Same finger prick blood samples, used for blood films, were also used to
perform RDTs onsite at the field based on the manufacturer instructions of the kits and the
results were recorded there. All RDT devices were labeled with similar patient ID numbers to
that of the blood films. The manufacture and expiry date of RDT were checked and handled at
the temperature recommended by the manufacturer suggesting that they were in a supposedly
good condition during the study period (31, 32). [Details on annex 8.2].

4.7.2.3 HCT determination
Samples were estimated for PCV using the gold standard microhaematocrit centrifugation

method. The PCV was used as a simple screening test for anemia, as a reference method for
calibrating automated blood count systems and as a rough guide to the accuracy of hemoglobin
measurements (86). Capillary blood samples, from same finger prick used for other preparations,
were collected from all the pregnant women following aseptic technique. The blood filled
hematocrit tubes having been sealed with a sealing-wax were placed in a labeled larger tube
container and then transported for estimation in Arba Minch University Hospiatal. The PCV

were determined using capillary tubes and read from a Hawksleys microhematocrit reader (66).

According to WHO guidelines, pregnant women are normal with hematocrit concentration of
33% and above. The pregnant women with HCT values less than 33% were categorized as
anemic. Anemic women were further categorized as women with mild anemia (HCT > 30% & <
33%), moderate anemia ( HCT > 21% & < 30%) and severe anemia (HCT below 21%) (87).

[Detail on annex 8.3].
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4.8 Data quality assurance

To assure the quality of data reliable: data collection, application of standard operating procedure
(SOP), accuracy of test results were strictly & closely followed up by the principal investigator.
All data collection reagents and equipments, sufficient enough per the need, were gathered
before starting the collection. Properly designed and pretested data collection instrument was
developed. Training was given to all data collectors on the objective of the study, on the
instrument to be used, on how to interview mothers, and on how to collect and examine blood
specimens. Every day the collected data were reviewed and checked for completeness and
consistency by the supervisor and principal investigator. Problems encountered were reported to
the supervisor and then to the principal investigator for immediate action. Discussions were
made with the data collectors at the end of each day to minimize errors committed during the
fieldwork and to take corrective actions timely. Repeated visits were made when study
households were found closed or when respondents were unavailable. The non-response rate was

very small and negligible for this study. [Details in annex 9].

4.9 Data processing and analysis

Data from laboratory and field survey were checked for completeness and consistency, and then
entered into and analyzed by Statistical Package for Social Sciences (SPSS) version 16 for
windows. The data were then cleaned by checking for error, impossible or implausible values,
and inconsistencies that might occur due to coding or data entry errors. In the analysis process,
descriptive statistics were used to scan the data, assess normality, and identify missing values

and outliers.

Both descriptive and inferential statistics were integrated in the analysis of study variables.
Descriptive statistics were done to determine the proportions of the variables. Chi-square test
was used to check the statistical assumption fulfillment of the data as well as to measure the
strength of association and statistical significance between the outcome and independent
variables. Binary logistic regression model was employed to analyze the adjusted effect of each
independent variable on the outcome variables. Based on purposeful selection of variables in
logistic regression as proposed by Hosmer and Lemeshow (88, 89), Preliminary Univariate

analysis for each independent variable was performed to start with; and those variables
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significant at P-value of 25% at the Univariate regression were then selected to Multivariate
analysis model.

Multivariate analysis was done to identify the independent predictors of the outcome variable.
Odds ratio were calculated with a 95% confidence interval to determine the strength of
association and statistical significance at two sides’ P-value of < 5%. Pearson and Spearman rank
correlation procedures were used to evaluate the relationship between parasite counts and
hematocrit values. Malaria rapid test performance and acceptability evaluation indices:
sensitivity, specificity, positive & negative predictive values, accuracy and overall reliability of a
test were calculated by using blood smear microscopy as gold standard. Finally, the results were
presented using tables, charts, and graphs.

4.10 Ethical consideration

The research proposal was first approved by the Department of Medical Laboratory Science and
Pathology, and ethically cleared by the Research Ethics Review Board of College of Public
Health and Medical Sciences, Jimma University. Communication with Gamo Gofa Zonal and
Arba Minch Zuria District health departments was done through official letters from Jimma
University. Following a discussion with the head of Arba Minch Zuria District Administrative
Health Office and coordinator of disease prevention and control unit, a brief cooperation and
agreement letter was written to each study village council. Correspondingly, community
agreement and local oral consent was gained from village leaders through contact in village
administrative offices and meetings with villagers. Informed verbal and written consent was
taken from each pregnant woman after the objectives and the nature of the study were clarified to

the participants so as to get their voluntary consent.

Data collected from each study participant and results of laboratory tests were kept confidential
and used only for the research purpose. Results of participants with parasitic infection and low
HCT level were addressed to the study participants. The pregnant women who were found to be
infected with Plasmodium parasite and anemic were referred for treatment and medical
consultation in the ANCs of nearby health facilities. All anemic women requiring treatment

(whether or not tested parasitemic) were referred to a health facility. Since there are many causes
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of anemia, further assessment by medical professionals is necessary so that the women could
receive the appropriate treatment.

4.11 Operational definitions

Asymptomatic Plasmodium parasitaemia: No history of fever within the past 48 hours, or
temperature <37.5°C but associated with the presence of asexual forms of Plasmodium spp. on
blood smear or a positive rapid malaria antigen detection test.

Peripheral parasitaemia: Presence of asexual P.falciparum or P.vivax parasitic forms on blood
smears and/or positive RDT from the peripheral blood.

Parasite density: The number of parasites/ul of blood which is determined by counting the
number of parasites on thick blood film against 200 or 500 WBCs in relation to the standard
number of WBCs/ul (8000).

Apparently healthy pregnant women: Pregnant women who look healthy because they are
without disease symptom, but suspected or diagnosed for asymptomatic carriage of Plasmodium
spp.

Trimester: A period of 3 months, or one of the three three-month periods into which human

pregnancy is divided for medical purposes.
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Chapter Five
5. Results

5.1 Socio-demographic and socio-economic survey

From the total 346 intended sample size, data were collected from 341 pregnant women with
response rate of 98.6%. The mean age of the study participants was 26.36 (95% CI: 25.83-26.89)
with a standard deviation (STD) of + 4.985 years. The highest proportion of pregnant women
(41.1%; 140/341) were in the age range of 21-25 years and the least in >35 years. The majority
of the women (80.35%; 274/341) were young (age < 30 years); while 67 (19.65%) were over the
age of 30 years. Regarding marital status, 95% (327/341) of the women were married, and
almost three-fourth (66.6%; 227/341) of the study participants were protestants with fewer
orthodox followers. Three-fourth of the women were housewives and farmers (like their
husband). About 70% of the women completed their primary and secondary school education
(Table. 1).

We categorized monthly income of the respondents by putting US$ 1.25 income per day as a cut
off point for poverty line as indicated by World Bank 2010; and the respondents monthly income
was calculated using a dollar exchange of 1USD as 18.82 ETB according to the average
exchange rate for Ethiopian Birr which was last updated on August 12, 2013 from Yahoo
Finance (90). The mean monthly income of the study participants was 718.48(95% CI. 680.22-
756.73). Two-third of the study subjects (59.8%; 204/341) had a monthly income of less than
650 Br. The mean family size in this study is 4.55(95% CI: 4.34 - 4.77) with a STD of £1.987.
Half of the study houses had a family size in the group of 4-7 (Table. 1).

The gestational age of the women was assessed from the last normal menstrual period. It was
defined as first trimester (<14 weeks), second trimester (14-27 weeks) and third trimester (>27
weeks). Majority of the women were at their second trimester (41.1%; 140/341) and were
multigravidae (> 2 births) (44.3%; 151/341) (Table. 1). Most of the women began their prenatal
checks late at the second trimester as observed in our study that 33.3% at first, 71.2% at second
and 95.5% at third trimester were attending their ANC follow up. There was also statistically
significant difference among these three gestational trimesters in terms of ANC attendance (chi-
square =84.606°% p <0.001). More than half proportion of the study subjects (56.3%; 192/341)

were using ITN always, while others using sometimes and/or not at all (Table. 1).
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Table 1. Sociodemographic and economic characteristics of the pregnant women in Arba

Minch Zuria District, South Ethiopia, April to June, 2013.

Variables No (%) Variables No (%)
Age groups Marital status
<20 32(9.4) married 327(95.9)
21-25 140(41.1) single 4(1.2)
26-30 102(29.9) divorced 6(1.8)
31-35 47(13.8) widowed 4(1.2)
>35 20(5.9)
Parity Gestational age
Primigravidae = 91(26.7) 1% trimester 83(24.3)
Secondgravida  99(29.0) 2" trimester 140(41.1)
Multigravida  151(44.3) 3" trimester 118(34.6)
Occupation Education
Farmer 98(28.7) Iliterate 59(17.3)
Daily laborer 40(11.7) Read/write 15(4.4)
Merchant 57(16.7) Primary 134(39.3)
House wife 134(39.3) Secondary 95(27.9)
Civil servant 12(3.5) College/above 38(11.1)
Family size ANC Attendance
1-3 116(34.0) Yes
4-7 168(49.3) No 275(80.6)
>7 57(16.7) 66(19.4)
Income ITN use
<650 ETB 204(59.8) Use always 187(54.8)
650-1300 ETB 102(29.9) Use rarely 19(5.6)
>1300 ETB 35(10.3) Do not use 135(39.6)
Religion IRS(past 12 months)
protestant 227(66.6%) Yes 289(84.8)
orthodox 114(33.4%) No 52(15.2)
Roof material Floor material
Thatched roof  155(45.5) earth 316(92.7)
Corrugated 186(54.5) local dung plastic 11(3.2)
iron cement 14(4.1)
Room’s wall material
mud blocks 323(94.7%)
cement blocks  8(2.3%) /... /
sticks 10(2.9%)
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5.2 Parasitological and hematological survey

5.2.1 Parasite prevalence by microscopy and SD BIOLINE Malaria Ag P.f/P.v POCT

Of the total 341(98.6%) pregnant women who responded in the study, 31 women (9.1%) had a
positive diagnostic result for malaria by blood smear examination. Thirty-three women (9.7%)
were positive by SD BIOLINE Malaria Ag P.f/P.v POCT (point of care test), of which two
cases__one P.falciparum and one P.vivax were later examined to be negative by blood smear
microscopy. The species diagnosed positive by blood smear microscopy were 12(38.71%)
P.falciparum, 15(48.38%) P.vivax, and 4(12.9%) mixed P.f/P.v infections. The species
diagnosed positive by RDT were 13(39.4%) P.falciparum, 16(48.5%) P.vivax, and 4(12.1%)
mixed P.f/P.v infections. The mean parasite density observed among the 31 pregnant women was
3202.58(95% CI: 2225.83 - 4174.17) parasites/pl. Parasitaemia was classified as 5(16.1%) of the
Plasmodium infected had mild, 23(74.2%) had moderate, and 3(9.7%) had severe parasitaemia.

5.2.2 Measures of diagnostic performance of RDT against microscopy as gold standard

To calculate malaria rapid test performance and acceptability evaluation indices; microscopy was
used as the gold standard. Variables measured included the number of true positive (TP), true
negative (TN), false positive (FP), and false negative (FN) results. Results were considered false
positive for if microscopy failed to detect parasites which had been detected by rapid test, and
false negative for if microscope detected parasites which had not been detected by RDTs. The

true values were the same values by the two methods (91-93).

The table below shows the results of diagnostic tests presented in a 2x2 table: columns
summarize the gold standard test result or blood smear result and the rows summarize RDT test
results. The labels positive and negative refer to the presence or absence, respectively, of the
malaria infection. The numbers of subjects with malaria by microscopy, and testing positive and
negative by RDT are denoted by “a and c”, respectively. The numbers of subjects without
malaria by microscopy, and testing positive and negative by RDT are denoted by b and d,

respectively. The total number of study subjectsisa + b + ¢ + d.
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Table 2. Diagnostic performance of the SD BIOLINE Malaria Ag P.f/P.v POCT test,
Arbaminch Zuria District, April-June, 2013.

Results of Gold Standard Test
Result of diagnostic test (Blood smear microscopy) Total
(SD BIOLINE Malaria Ag P.f/P.v POCT test) | Positive Negative
Test positive a—31 b—2 33
Test negative c—0 d—308 308
Total 31 310 341

Note: True positive (a), False positive (b), False negative (c) and True negative (d).

The indices were calculated as follows based on the method evaluation guides (94, 95).

True Positive(a)
Sensitivity of RDT = — . X100%
True Positive(a) + False Negative(c)

= 31/31x100% =100%

Specificity of RDT True Negative(d) X1009
ecificity o =
P v True Negative(d) + False Positive(b) ’

= 308/310 x100% = 99.35%
Positive predictive value (PPV) = TP/ (TP+FP) =31/33 = 93.94%
Negative predictive value (NPV)= TN/ (TN+FN) =308/308 = 100%
Accuracy of test = (TP + TN)/number of all tests=(31+308)/341 = 99.41%
Reliability of test = [(TP x TN) - (FP x FN)]/[(TP + FN)(TN+FP)]
= [(31x308)-(2x0)]/[(31+0)(308+2)]=308/310=99.35%

5.2.3 Assessement of possible risk factors associated with Plasmodium infection

Preliminary univariate analysis on binary logistic regression model was performed individually
between each individual independent and the dependent variable. The outcome variable in our
study is dichotomous, having two response categories__being positive or negative. Thus binary
logistic regression model was chosen. Crude univariate analysis of the related risk factors with

Plasmodium infection was placed below (Table. 3).
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Table.3: Univariate regression analysis of predictors for Plasmodium spp. infection
among asymptomatic pregnant woman in Arba Minch Zuria District, Southern

Ethiopia, April to June 2013.

Malaria status

Variables No(%) Negative Positive Crude OR P-value
(310=90.9%) (31=9.1%) (95%Cl)
Age groups
<20 32(9.4) 24(75.0) 8(25.0) 1.00
21-25 140(41.1) 135(96.4) 5(3.6) 0.11(.03-0.37) 0.000*
26-30 102(29.9) 97(95.1) 5(4.9) 0.16(.05-0.52) 0.002*
31-35 47(13.8) 38(80.9) 9(19.1) 0.71(.24-2.10) 0.535
>36 20(5.9) 16(80.0) 4(20.0) 0.75(.19-2.91) 0.678
Occupation
Farmer 98(28.7) 89(90.8) 9(9.2) 0.30(0.07-1.33) 0.113*
Daily laborer 40(11.7) 30(75.0) 10(25.0) 1.00(0.23-4.44) 1.000
Merchant 57(16.7) 54(94.7) 3(5.3) 0.17(0.03-0.96) 0.045*
House wife 134(39.3) 128(95.5) 6(4.5) 0.14(0.03-0.66) 0.013*
Civil servant 12(3.5) 9(75.0) 3(25.0) 1.00
Education
lliterate 59(17.3) 49(83.1) 10(16.9) 1.35(0.42-4.30) 0.615
Read/write 15(4.4) 12(80.0) 3(20.0) 1.65(0.34-7.98) 0.534
Primary 134(39.3) 125(93.3) 9(6.7) 0.48(0.15-1.51) 0.208*
Secondary 95(27.9) 91(95.8) 4(4.2) 0.29(0.07-1.15) 0.077*
College/above 38(11.1) 33(86.8) 5(13.2) 1.00
Income
<650 ETB 204(59.8) 182(89.2) 22(10.4) 1.63(0.51-5.17) 0.409
650-1300 ETB 102(29.9)  95(93.1) 7(6.9) 0.87(0.27-2.84) 0.822
>1300 ETB 35(10.3) 33(94.3) 2(5.7) 1.00
Family size
1-3 116(34.0) 102(87.9) 14(12.1) 1.00
4-7 168(49.3) 157(93.5) 11(6.5) 0.51(0.22-1.17) 0.111*
>7 57(16.7) 51(89.5) 6(10.5) 0.86(0.31-2.36) 0.766

+ Note: Variables with asterisk(*) are significant at P-value of 0.25 and thus are candidate for

multivariate binary logistic regression model!



Continued from Table 3...

Malaria status

Variables No (%) Negative Positive Crude OR P-value
(310=90.9%)  (31=9.1%) (95%C1)

Parity
Primigravidae  91(26.7)  77(84.6) 14(15.4)  3.25(1.30-8.09) 0.011*
Secondgravida  99(29.0)  90(90.9) 9(9.1) 1.79(0.67-4.80) 0.249*
Multigravida 151(44.3) 143(94.7) 8(5.3) 1.00

Gestational age
1% trimester 83(24.3)  77(92.8) 6(7.2) 0.84(0.29-2.41) 0.748
2" trimester 140(41.1)  125(89.3) 15(10.7) 1.30(0.56-3.01) 0.545
3" trimester 118(34.6)  108(91.5) 10(8.5) 1.00

ITN use
Use always 187(54.8) 181(96.8) 6(3.2) 1.00
Use sometimes  19(5.6) 14(73.7) 5(26.3) 10.77(2.92-39.75) 0.000*
Do not use 135(39.6) 115(85.2) 20(14.8)  5.25(2.05 -13.46) 0.001*

IRS(past 12 months)
Yes 289(84.8) 267(92.4) 22(7.6) 1.00
No 52(15.2)  43(82.7) 9(17.3) 2.54(1.10-5.88) 0.03*

+ Note: variables with asterisk (*) are significant at P-value of 0.25 and thus are candidate for

multivariate binary logistic regression model!

Based on the purposeful selection of variables in logistic regression as proposed by “Hosmer and
Lemeshow(88, 89)”, preliminary univariate analysis results with a P-value of less than 25% were
selected as a candidate variable for the multivariate analysis. This rule designed with the aim of
maintaining numerical stability of the parameter estimates and generalizability of the results by
decreasing the standard error. Accordingly, variables having a P-value of less than 25% in the
univariate analysis (Table 3), were selected and entered in to multivariate analysis on Binary

Logistic Regression Model (Table 4).



Table. 4: Multivariate regression analysis of predictors for Plasmodium spp. infection
among asymptomatic pregnant woman in Arba Minch Zuria District, Southern
Ethiopia, April to June 2013.

Malaria status

Variables No (%)  Negative — Positive = AQR(g506CI) P-value
310=90.9% 31=9.1%

Parity
Primigravidae 91(26.7) 77(84.6) 14(15.4) 84.40(7.30-976.53)  0.000*
Secondgravida 99(29.0) 90(90.9) 9(9.1) 16.34(2.98-89.53) 0.001*
Multigravida 151(44.0)  143(94.7) 8(5.3) 1.00

Age

<20 32(9.4) 24(75.0) 8(25.0) 1.00
21-25 140(41.1) 135(96.4) 5(3.6) 0.29(0.07-1.21) 0.089
26-30 102(29.9) 97(95.1) 5(4.9) 3.21(0.45-22.78) 0.244
31-35 47(13.8) 38(80.9) 9(19.1) 24.74(2.31-265.42)  0.008*
>36 20(5.9) 16(80.0) 4(20.0) 69.26(3.99-1200.86) 0.004*

Occupation
Farmer 98(28.7) 89(90.8) 9(9.2) 0.55(0.06-4.75) 0.586
Daily laborer 40(11.7) 30(75.0) 10(25.0) 2.94(0.29-29.67) 0.360
Merchant 57(16.7) 54(94.7) 3(5.3) 0.69(0.07-7.11) 0.756
House wife 134(39.3) 128(95.5) 6(4.5) 0.29(0.04-2.22) 0.231
Civil servant 12(3.5) 9(75.0) 3(25.0) 1.00

ITN use
Use always 187(54.8) 181(96.8) 6(3.2) 1.00

Use sometimes 19(5.6) 14(73.7) 5(26.3) 10.22(1.80 -57.95)  0.009*
Do not use at all 135(39.6) 115(85.2) 20(14.8) 4.61(1.48-14.41) 0.009*

IRS(past 12 months)

Yes 289(84.8) 267(92.4) 22(7.6) 1.00
No 52(15.2) 43(82.7) 9(17.3) 2.19(0.62-7.76) 0.225
Family size
1-3 116(34.0) 102(87.9) 14(12.1) 1.00
4-7 168(49.3) 157(93.5) 11(6.5) 1.92(0.40-9.26) 0.419
>7 57(16.7) 51(89.5) 6(10.5) 2.16(0.31-14.88) 0.435
Education
Illiterate 59(17.3) 49(83.1) 10(16.9) 0.47(0.06-3.59) 0.463
Read/write 15(4.4) 12(80.0) 3(20.0) 0.76(0.06-9.17) 0.829
Primary 134(39.3) 125(93.3) 9(6.7) 0.44(0.08-2.51) 0.351
Secondary 95(27.9) 91(95.8) 4(4.2) 0.23(0.03-1.62) 0.142

College/above 38(11.1) 33(86.8) 5(13.2) 1.00

+ Note: Asterisk (*) stands for significant association at 5% P-value in multivariate analysis.
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From the variables that were included in the multivariate analysis, being primigravidae,
secondigravidae, rare and/or total absence of ITN use, and age group showed significant
association with malaria infection at P-value of < 5%. The odds of being infected with
Plasmodium was 84.40[(95%Cl: 7.30-976.53), P-value<0.001] times higher among
primigravidae, 16.34[(95%CI: 2.98-89.53), P-value = 0.001] times higher among secondigravida,
10.22[(95% CI: 1.80 —57.95), P-value=0.009] times higher among women who were using ITN
sometimes, 4.61[(95% CI: 1.48-14.41), P-value=0.009] times higher among those who did not use
ITN at all compared to multigravida and those who were using ITN always, respectively.
Pregnant women in the age group of 31-35 years were 24.74[(95% CI: 2.31-265.42), P=0.008]
times, and those in >36 years were 69.26[(95% CI: 3.99-1200.86), P-value=0.004] times, more
likely to have asymptomatic malaria when compared to pregnant women of young age (Table 4).

5.2.4 Hematocrit determination

Of the total 341 study participants, 118 (34.6%) were anemic. The minimum and maximum HCT
values were 18% and 46%, respectively, while the mean was 35.2% (95% CI:34.6%—35.8%)
with STD of £5.55%. Of those 118 anemic women; 73(61.9%) were mildly anemic, 38(32.2%)
were moderately anemic, and 7(5.9%) were found to be severely anemic. Prevalences of anemia

in different sociodemographic and economic factors were placed in the table (Table 5).

90.30%

71.00%
i Anemic

i Non-anemic
29.00% [90

All study participants (341) Parasitemic(31) Non-Parasitemic(310)

Figure 3. Anemia prevalence among pregnant women in the Arba Minch Zuria District,

Southern Ethiopia, from April to June 2013.
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5.2.5 Asssessment of possible risk factors to anemia

As used above for assessement of risk factors of Plasmodium infection, the same steps and rules
for variable inclusion and analysis were used here for assessing risk factors of anemia (Table 5).

Table 5: Univariate regression analysis of predictors for anemia among pregnant woman in
Arbaminch Zuria District, Southern Ethiopia, April to June 2013

Anemia status

Non-Anemic  Anemic

Variables NO(%) (2232654%) (118234.6%) COR (95%C|) P-value
Age
<20 32(9.4)  21(65.6) 11(34.4) 0.35(.11-1.11) 074*
21-25 140(41.1) 99(70.7) 41(29.3) 0.28(.11-.73) .009*
26-30 102(29.9) 71(69.6) 31(30.4) 0.29(.11-.78) .014*
31-35 47(13.8)  24(51.1) 23(48.9) 0.639(.22-1.85) 408
>35 20(5.9) 8(40.0) 12(60.0) 1.00
Occupation
Farmer 98(28.7) 61(62.2) 37(37.8) 1.21(.34-4.31) .765
Daily laborer 40(11.7)  20(50.0) 20(50.0) 2.00(.52-7.72) 315
Merchant 57(16.7)  40(70.2) 17(29.8) .850(.23-3.21) .810
House wife 134(39.3) 94(70.1) 40(29.9) .851(.24-2.99) .801
Civil servant 12(3.5) 8(66.7) 4(33.3) 1.00
Education
Illiterate 59(17.3)  29(49.2) 30(50.8) 3.88(1.53-9.85) .004*
Read/write 15(4.4) 8(53.3) 7(46.7) 3.28(.91-11.80) .069*
Primary 134(39.3) 85(63.4) 49(36.6) 2.16(.92-5.10) 077*
Secondary 95(27.9)  71(74.7) 24(25.3) 1.27(.51-3.14) .608
College/above 38(11.1)  30(78.9) 8(21.1) 1.00
Income
<650 ETB 204(59.8) 122(59.8) 82(40.2) 3.01(1.38-6.58) .003*
650-1300 ETB 102(29.9) 70(68.6) 32(31.4) 1.97(.92-4.22) .027*
>1300 ETB 35(10.3)  31(88.6) 4(11.4) 1.00
Family size
1-3 116(34.0) 76(65.5) 40(34.5) 0.90(.55-1.49) 0.680
4-7 168(49.3) 114(67.9) 54(32.1) 1.38(.72-2.65) 0.330
>7 57(16.7)  33(57.9) 24(42.1) 1.00
Malaria
Negative 310(90.9) 220(71.0)  90(29.0) 1.00
Positive 31(9.1) 3(9.7) 28(90.3) 22.82(6.77-76.94) 0.000*

Note: variables with asterisk (*) were candidate for multivariate analysis (p<0.25).



Continued from Table 5...

Anemia status
Non-Anemic  Anemic

Variables No (%) (223=654%) (118=346%) COR (95%C|) P-value
Parity
Primigravidae  91(26.7) 60(65.9) 31(34.1) .93(.54-1.60) 789
Secondgravida  99(29.0) 66(66.7) 33(33.3) .90(.53-1.53) 693
Multigravida 151(44.3) 97(64.2) 54(35.8) 1.00
Gestational age
1% trimester 83(24.3) 55(66.3) 28(33.7) 1.26(.69-2.30) 457
2" trimester 140(41.1)  84(60.0) 56(40.0) 1.647(.98-2.78) .061*
3" trimester 118(34.6)  84(71.2) 34(28.8) 1.00
I'TN use
Use always 187(54.8) 149(79.7)  38(20.3) 1.00
Use sometimes  19(5.6) 7(36.8) 12(63.2) 6.72(2.48-18.23) 0.000*
Do not use at 135(39.6) 67(49.6) 68(50.4) 3.98(2.44-6.50) 0.000*
all
IRS(past 12 months)
Yes 289(84.8) 195(67.5)  94(32.5) 1.00
No 52(15.2) 28(53.8) 24(46.2) 1.78(0.98-3.23) 0.059*

Note: variables with asterisk (*) were candidate for multivariate analysis (p<0.25).

As used above for “malaria infection”, the variable inclusion rule for multivariate analysis by
Hosmer and Lemeshow (89) was again applied here for the second dichotomous dependant
variable__ “anemia”. Variables with P-value of less than 25% in the bi-variable analysis(Table.

5), were selected as a candidate variable and entered in multivariate analysis model(Table. 6).

From multivariate analysis, the independent predictors of anemia were malaria positivity, and
rare use and/or complete non-use of ITN (Table. 6). The odds of being anemic were 19.59 [(95%
Cl: 5.06-75.81), P-value<0.001] times more likely to occur in malaria positives, 5.96 [(95% CI:
1.82-19.47), P-value=0.003] times more likely to occur in rare ITN users, 2.99 [(95% CI: 1.72-
5.22), P-value<0.001] times more likely to occur in those who did not use ITN completely

relative to malaria negatives and those who were using ITN always, respectively.



Table 6: Multivariate regression analysis of predictors for anemia among pregnant woman in
Arbaminch Zuria District, Southern Ethiopia, April to June 2013.

Anemia status

Variables No(%) Non-Anemic _ Anemic AOR (95%CI) p-value
(223=65.4%) (118=34.6%)
Age
<20 32(9.4) 21(65.6) 11(34.4) .17(.01-5.94) 0.327
21-25 140(41.1)  99(70.7) 41(29.3) .70(.09-5.42) 0.734
26-30 102(29.9) 71(69.6) 31(30.4) .61(.08-4.60) 0.632
31-35 47(13.8) 24(51.1) 23(48.9) .83(.23-3.02) 0.774
>35 20(5.9) 8(40.0) 12(60.0) 1.00
Education
Illiterate 59(17.3) 29(49.2) 30(50.8) 2.45(.43-14.04) 0.316
Read/write  15(4.4) 8(53.3) 7(46.7) 2.14(.27-17.19) 0.475
Primary 134(39.3) 85(63.4) 49(36.6) 1.52(.30-7.78) 0.618
Secondary  95(27.9) 71(74.7) 24(25.3) .71(.13-3.90) 0.692
College/above