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Abstract
Background As much as malaria control interventions may be directed at restricting transmission through
mosquito control and treatment of symptomatic cases, the effect of asymptomatic cases in the
transmission of malaria has not been given too much attention. On the other hand, asymptomatic
carriers do not seek treatment, becoming permanent reservoirs, and hence creating a real pose to the
public health.

Objective The purpose of the study was to determine the prevalence of asymptomatic malaria and its
associated factors in Leaiten village, Eritrea.

Methods 322 eligible participants were randomly selected and interviewed. Thin and thick blood �lms
were collected and Giemsa-stained to determine blood parasitaemia and speciation using light
microscopy. Multivariate Logistic Regression was used to assess relationship between the potential
factors identi�ed and asymptomatic malaria.

Results The prevalence of asymptomatic malaria was 5.9%, with a predominantly higher proportion (P) of
Plasmodium Falciparum (P= 94.7%, n=18) than Plasmodium Vivax (P= 5.3%, n=1). Most of the infections
were low density and at their ring form (P = 94.7%, n = 18). Only one subject had medium density and a
gametocyte stage infection (P = 5.3%). The odds of asymptomatic malaria by sex, age, occupation or
education was not signi�cantly different. Bed net usage in comparison to no usage was not a signi�cant
predictor of asymptomatic malaria (5.5% vs. 7.6, p-value = 0.519). Those with asymptomatic malaria
who had previous malaria sickness (4.2%) was not signi�cantly different to those who had never been
sick (7.3%), (OR = 0.56, p-value = 0.248). People who lived near water body (8.5%) were equally likely to
be asymptomatic to those who didn’t live near water body (4.9%), (OR = 1.82, p-value = 0.215), out of
which, those who lived near open water body had no difference in acquiring asymptomatic malaria to
those who lived near closed water body (OR = 2.26, p-value = 0.457).

Conclusion This study indicated the hidden impact of asymptomatic malaria in perpetuating malaria
transmission in the village. Further assessment of the impact of asymptomatic malaria, on malaria
transmission, is needed based on a larger and more sensitive method.

1. Introduction
Malaria is one of the globally known killers that remain as a challenge for health and socio-economic
development. It has been reported that there were 219 million new cases and 435,000 deaths of malaria
in the year 2017, with a �nancial lose totalling to 3.1 billion US dollars globally. To attain the 2016–2030
Global Technical Strategy for Malaria, it is estimated that annual malaria funding will need to increase by
6.6 billion US dollars per year by 2020[1].

Africa is a continent with the highest burden of malaria, holding 92% of all malaria cases and 93% of all
malaria deaths in 2017. In the same year, �fteen countries in sub-Saharan Africa carried almost 76% of
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the global malaria burden, and has comprised 65% of the total global deaths [1].

Eritrea is a sub-Saharans country in Africa. In 2016, its population was estimated around four million, out
of which, 63% lived in areas classi�ed as moderate malaria risk. The remaining 37% lived in low risk
areas, such as Anseba, Maekel, and Southern Red Sea regions. The 3 zones with moderate malaria risk,
Zoba Gash-Barka (GB), Northern Red Sea (NRS) and Debub (Db), obtains their rainy season from July to
September with small rain falls in April/May (GB & Db), or from November up to January with areas that
have 2 rainy seasons (NRS). Drivers such as formation of big rivers, brick making sites, borders with
Ethiopia and Sudan, traditional mining sites, lots of dams and irrigation activates in addition to many
inaccessible areas exacerbate malaria transmission in those areas. The remaining low risk regions,
Southern Red Sea (SRS), Central and Anseba, receive their rainfalls from November up to January (SRS)
or from July to September (Central & Anseba) with small rainfalls in April/May in Anseba region. Most of
the low risk areas are unfavorable for malaria transmission as the result of the very hot and deserted
condition of the coastal areas, and the low temperature of the central highlands.

Despite the recent decline in malaria morbidity and mortality in Eritrea, the disease remains to be most
prevalent in Gash-Barka, NRS and Debub zones. Those three zones bear more than 90% of the national
burden. Generally, the incidence of malaria showed a marked variation across the six zones in 2015,
ranging from approximately 14 cases per 1000 population at risk, in Gash-Barka region, to three cases per
1000 population in Central region. Following Gash-Barka region; NRS, Debub, and Anseba regions had
8.7, 5.4, and 4.2 cases per 1000 populations respectively. SRS had only imported cases. From 2011 up to
2015, 58 reports of mortality were attributed to malaria. Out of these, almost half of the deaths (n = 30)
occurred in Gash-Barka, followed by NRS (n = 10), Anseba (n = 7), Debub (n = 6) and Central (n = 5). The
predominant malaria parasite accounting for approximately 70% of the total malarial infections is
Plasmodium falciparum followed by Plasmodium vivax (28%). The remaining 2% are attributed to
Plasmodium malariae, Plasmodium ovale and mixed infections. Most of those infections occurs by the
bite of the members of Anopheles Gambiae complex mosquitoes accounting for 94% of all malaria
transmission [2].

Eritrea is classi�ed in to three epidemiological zones, namely, western lowland, coastal plains and central
highlands, the �rst two have a high seasonal transmission and pockets of sustained malaria
transmission as their hot and humid conditions favour vector availability, and 70% of the estimated
population lives in this high risk areas [3]. Even though malaria is uncommon, this doesn’t mean the
cooler areas of the central highlands are free of the disease; low immunity, population movement,
demobilization and vector behavioural changes are among the common factors that don’t make the third
zone to be free of the disease. This being the case, there is an indication that the burden of malaria in
Eritrea is declining from year to year. Evidenced by 89% reduction in malaria incidence from 157 cases
/1000 population at risk in 1998 to 17 cases /1000 population in 2016. At the same time, there was a
98% reduction in malaria speci�c deaths from 0.198 deaths/1000 population to 0.004 deaths/1000
population [4]. The latest Malaria indicator survey in 2012 has found the prevalence as 1.1% in the
general population [3]. This improvement has attached Eritrea with the description of a country achieving
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‘the biggest breakthrough in malaria mortality prevention in history’ [5]. Some of the main core values for
attaining this reduction was effective case detection and management in accordance to the WHO
guideline. Where hierarchical management of cases according to severity has been employed and
supplies such as Antimalarial Combination Therapy’s (ACT’s) and Rapid Diagnostic Tests (RDTs) were
expanded as low as to the community level. For the detection of malaria, Hospitals and Health Centres
are equipped with microscopy, Heath Stations and Community Health Attendants use RDT’s. Artesunate 
+ Amoidiaquine combination is the recommended treatment from the �ve ACTs. Moreover, vector control
strategies including, distribution of LLINs, spraying of household indoors with Insecticidal spray and
larval source management, in combination with e�cient epidemic preparedness and response, and
program management tools were implemented [2].

The National Eritrean Malaria Control Program focuses on the identi�cation, treatment and reporting of
individuals having symptomatic malaria. However, this system has limited impact on halting malaria
transmission as the asymptomatic cases are left undetected and untreated. As a result a fresh phase of
challenge for control and elimination strategies of malaria in Eritrea is looking towards asymptomatic
cases. Dealing with asymptomatic cases curbs the persistent transmission of malaria by reducing the
parasite reservoirs [6] which are more infectious than symptomatic ones[7–9] as they persist undetected
and untreated for a longer period of time with the potential of accounting up to 90% of onward
transmission by vectors within localized populations [10]. This approach in a broader perspective can
give additional acceleration in reduction of malaria morbidity and mortality in Eritrea.

As such, arriving at the pool of the asymptomatic cases can overcome the limitations of passive
surveillance by promoting the active case detection (ACD) strategies recommended by World Health
Organization (WHO) [11]. Therefore, this study, the �rst of its kind in the area, was designed to estimate
the prevalence of asymptomatic malaria along with the possible associates in a village called Leaiten,
where malaria is endemic. This will help in initiating further investigation which can help in coming up
with the right strategies to reduce malaria mortality and morbidity by means of controlling the local
parasite reservoir and interrupting its transmission.

2. Methods

2.1 Study Area and Population
There are 58 subzones within the 6 administrative zones in Eritrea. Leaiten is a village found in Ghindae
subzone, in the Northern Red Sea region. Ghindae subzone had been one of the only 2 high incidence
subzones from 2012 up to 2016, with an incidence ranging from an average 539.1 to 1717.15
cases/100,000 population/month. Malaria is also endemic in Leaiten village, with a total of 45 p.
falciparum and 31 p. vivax laboratory con�rmed cases in addition to 31 clinical cases in Nefasit Health
Centre as of 2016. Its altitude ranges from 0 to1000m above sea level, and its annual temperature ranges
from 25 °C to 37 °C. It has 400 households, comprising 1400 people living in the village. Their daily lives
depend mainly on agriculture, agro-pastoralism, and trading. It obtains two rainy seasons (January to
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March and July to September) and the highest transmission period occurs from March to May and
September up to November at the end of the two rainy seasons. This town has many natural or man-
made mosquito breeding sites such as springs, rivulet, wells and other stagnant water bodies that can
trigger malaria transmission. The village has 2 community health agents for malaria and uses the Nefasit
Health Centre for basic health care needs. The study subjects were residents of this village older than
5 years of age and without any sign or symptom of malaria.

2.2 Study Design and Sampling
This was a community based cross-sectional study conducted from May 6 to June 20, 2017. Sample size
was determined using the statistical formula n = Z2P (1 - P)/d2. Where Z = 1.96, P = 0.5, d = 0.05. As there
was no data from previous studies, an assumed 50% proportion of existence of the variable of interest
was considered to estimate the sample size. Three hundred twenty-four subjects including the 7%
anticipated none-response rate were participated in the study. Subjects were selected using a computer
based random sampling method, after preparing a list of all non-symptomatic residents from the
residents list of the village. Malarial Parasitaemia of any density, in the absence of fever or other acute
symptoms, in individuals who have not received recent antimalarial treatment was considered as an
asymptomatic malaria [12].

2.3 Data Collection
An English version structured questionnaire, based on predetermined risk factors for asymptomatic
malaria and demographic variables was developed by the research team. Then, it was translated to
Tigrigna, the locally used language. Subjects were gathered in the elementary school of Leaiten village
and data were collected from 6th up to 9th May of 2017. Data collectors included members of the
research team and Clinical Laboratory scientists from Asmara Collage of Health Science and Nefasit
Health Centre. Selected subjects were �rst consented and coded. Their socio-demographic and
asymptomatic malaria risk variable data was �lled on an individually coded questionnaire by the
researchers. Similar code was used to their frosted slide and blood was collected by pricking the middle
�nger and �xed.

2.4 Variable and Measurement
The study included variables considered to increase mosquito bite exposure in the context of the village,
and previous history of malaria sickness. To assess the occurrence of asymptomatic malaria in relation
to malaria exposure and sickness history, the following variables were de�ned as,

a.
Bed net usage: A person who reported habitually using bed net on a daily basis.
b.
Nearby water body: Any natural or man-made water body up to 50m’s away from the living premises.
c.
Open water body: Water body that have no closing lid or is exposed to the surface.
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d.
Ever had malaria: A person who had Malaria at least once, 3 years prior to the study time.

2.5 Blood Parasite Identi�cation

2.5.1 Blood Smear Collection
Thick and thin blood �lms were taken, from the middle �nger, by pricking with a lancet piercing. Frosted
glass slide was labelled for each participant, and a drop of blood was placed on the clean, grease free
glass slide and allowed to dry. Precaution was taken to maintain a constant volume as much as possible.
Standard thick and thin blood smear was made with a spreader on the speci�ed place of the slide, and
the thin �lm was prepared as newsprint can be read through it. It was allowed to air-dry completely before
staining.

2.5.2 Staining Technique for Thick and Thin Blood Film
The blood smear was allowed to dry before staining and the thin �lm was �xed in absolute methanol for
5 seconds. Giemsa working solution was used for slide staining technique. The air-dried thick blood �lm
was stained using 10% Giemsa solution for 10 minutes, and the �xed thin blood �lms were stained in 3%
Giemsa solution for 45minutes. The slides were then rinsed using buffer water (pH = 7.2), and were
vertically placed on a slide rack to air–dry for examination. Finally, the slides were examined using light
microscopy in the Parasitology Laboratory of Asmara Collage of Health Sciences.

2.5.3 Reading of Slides and Counting of Parasites
Thick blood �lm was utilized to determine the presence and quanti�cation of malaria parasites. And the
thin blood �lm was used for parasite form and species identi�cation. After the slides were dried,
examination was conducted using a compound microscope with x100 objective magni�cation on an oil
immersion. Enumeration of parasite was done by three microscopists based on the WHO recommended
method on the thick �lm [13]. The number of parasites in a �lm per 500 white blood cells was counted;
the number of parasites then were divided by the number of leucocytes and multiplied by a factor of
8000. This gave the number of parasites per microliter.

Parasite count (per µl) = number of parasite x 8000/number of leucocyte

For the purpose of this study, the following quanti�cation was used to describe the densities:

Low, < 200 parasite/µl,

Medium, 200–1000 parasite/µl.

High, 1000- 10,000 parasite/µl [13–14].

2.5.4 Quality Control
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All parasite positive slides and 10% of randomly selected negative parasite slides were re-examined by a
third person laboratory expert through blinding the �rst test �ndings.

2.6 Inclusion and Exclusion Criteria
All residents without any malarial sign or symptom were invited to participate in the study. Patients who
had received antimalarial drugs within 4 weeks prior to the study and Children less than 5 years of age
were not included in the study.

2.7 Data Analysis Method
Data was analysed using Statistical Package for Social Science (SPSS) version 20 for windows.
Prevalence, parasite density levels forms were presented using pie chart and table. Multivariate Logistic
Regression was used to assess relationship between each factor of interest and asymptomatic malaria. p
value < 0.05 was considered statistically signi�cant.

2.8 Preliminary Study
The research team discussed with the responsible government and community representatives,
community leaders and malaria community agents about the research topic. Population information and
list of all Leaiten village residents was obtained from the local administration o�ce. Any cultural values
or believes, in the community, in relation to malaria was also assessed and consensus was built and
actual data collection was planned.

3. Results

3.1 Socio-Demographic Characteristics
From the total 324 subjects, 322 participated in this study, i.e. a response rate of 99.4%. Two-third (66.4%)
of the participants were females. Forty present of the subjects were in the age group 5–14 years, followed
by 22% and 18.9% for 20–39 and 40–59 years respectively. Of all the study participants, 45% were
students, 34.8% housewives, 6.8% farmers, and the 13.4% had other jobs. 20.8% (n = 67) never attended
school, while the remaining participants had at least elementary level of education.

3.2 Prevalence of Asymptomatic Malaria
The overall prevalence of asymptomatic malaria was found to be 5.9% (95%CI: 3.3–8.5) (Fig-1). This was
pre-dominantly due to P. falciparum infection accounting 94.7%, while the remaining was due to P.vivax.
Majority of those infections were low density and at their ring form (Table-1).

The prevalence of asymptomatic malaria in Leaiten village was found out to be 5.9% (n = 19).
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Table 1
Occurrence of Asymptomatic Malaria by Specie, Density and Form

Asymptomatic Malaria Speciation/density Malaria Parasite Form Total n (%)

    Ring form n (%) Gametocyte n (%)  

P. falciparum 17 (89.5) 1 (5.3) 18 (94.7)

  Low density 17 (89.5) 0 (0) 17 (89.5)

  Medium density 0 (0) 1 (5.3) 1 (5.3)

P. vivax 1 (5.3) 0 (0) 1 (5.3)

  Low density 1 (5.3) 0 (0) 1 (5.3)

  Medium density 0 (0) 0 (0) 0 (0)

Total   18 (94.7) 1 (5.3) 19 (100)

n Number

This study found 19 (5.9%) asymptomatic individuals. From which, majority of the infection was due
to P. falciparum accounting to 94.7% of the infection, while, the remaining 5.3% was due to P. vivax.
Out of the 19 asymptomatic cases, 18 (94.7%) were with low density and ring form, while only 1
(5.3%) P. falciparum infection was medium density and at a gametocyte stage.

3.3 Risk Factors of Asymptomatic Malaria
Possible association in the presence of asymptomatic malaria with gender, age, education, occupation,
bed net usage, recent history of illness, presence of water bodies near their residence and the condition of
water body with regard to being open or not was investigated (Table 2). However, no signi�cant
association was observed.
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Table 2
Association of Asymptomatic Malaria with Possible Risk factors

Variable   Total Negative
Asymptomatic
n (%)

Positive
Asymptomatic
n (%)

OR (95%
CI)

p-
value

p-
value
for
trend

Sex              

  Female 121 193 (96) 8 (4) 1.00 0.066  

  Male 201 110 (90.9) 11 (9.1) 2.41
(0.94–
6.18)

 

Age              

  5–14 127 119 (93.7) 8 (6.3) 1.00 0.945  

  15–19 36 34 (94.4) 2 (5.6) 0.88
(0.18–
4.32)

  20–39 71 65 (91.5) 6 (8.5) 1.37
(0.46–
4.13)

  40–59 61 58 (95.1) 3 (4.9) 0.77
(0.20–
3.01)

  ≥ 60 27 27 (100) 0 (0) 0 (0)

Education            

  Illiterate 75 74 (98.7) 1 (1.3) 1.00 0.355  

  Elementary 163 152 (93.3) 11 (6.7) 5.36
(0.68–
42.27)

 

  Junior 53 49 (92.5) 4 (7.5) 6.04
(0.67–
55.67)

0.426

  High
school &
above

31 28 (90.3) 3 (9.7) 7.93
(0.79–
79.44)

 

Occupation            

  Student 145 134 (92.4) 11 (7.6) 1.00 0.629  

n Number; OR Odds Ratio; CI Con�dence Interval
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Variable   Total Negative
Asymptomatic
n (%)

Positive
Asymptomatic
n (%)

OR (95%
CI)

p-
value

p-
value
for
trend

  Housewife 112 106 (94.6) 6 (5.4) 0.69
(0.25–
1.93)

 

  Farmer/
Peasants

22 21 (95.5) 1 (4.5) 0.58
(0.07–
4.73)

 

  Traders &
Other

43 42 (97.7) 1 (2.3) 0.29
(0.04–
2.31)

 

Bed Net Usage            

  No 66 61 (92.4) 5 (7.6) 1.00 0.519  

  Yes 256 242 (94.5) 14 (5.5) 0.71
(0.25–
2.04)

 

Ever Been Sick            

  No 177 164 (92.7) 13 (7.3) 1.00 0.248  

  Yes 142 136 (95.8) 6 (4.2) 0.56
(0.21–
1.50)

 

Nearby Water Body            

  No 226 215 (95.1) 11 (4.9) 1.00 0.215  

  Yes 94 86 (91.5) 8 (8.5) 1.82
(0.71–
4.68)

 

Open Water Body            

  No 22 21 (95.5) 1 (4.5) 1.00 0.457  

  Yes 72 65 (90.3) 7 (9.7) 2.26
(0.26–
19.46)

 

n Number; OR Odds Ratio; CI Con�dence Interval

The proportion of asymptomatic Malaria among males (9.1%) was not signi�cantly different (OR = 2.41,
p-value = 0.066) to the proportion of asymptomatic malaria among females (4%). Age difference,
Educational level and occupational status were also not signi�cant predictors of asymptomatic malaria
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with p-values 0.945, 0.355 and 0.629 respectively. Occurrence of asymptomatic malaria among bed net
none-users (7.6%) and bed net users (5.5%) was also insigni�cantly different with OR of 0.71 (95% CI:
0.25–1.50, p-value = 0.519). Comparison of both, presence of water body around living area and water
body being open, with absence of water body and water body being closed showed no signi�cant
difference with OR’s of 1.82 (95% CI: 0.71–4.68, p-value = 0.215) and 2.26 (95% CI: 0.26–19.46, p-value = 
0.457). Moreover, the proportion of asymptomatic participants with previous history of Malaria illness
(4.3%) had no signi�cant difference in comparison to those without history of Malaria (7.3%), (OR = 0.56,
p-value = 0.248).

4. Discussion
As asymptomatic infections can be associated with high levels of gametocytes and likely serve as an
important parasite reservoir, it is evident that identi�cation and effective treatment of asymptomatic
individuals may be possible to reduce and eventually eliminate the parasite reservoir. Identi�cation and
treatment of asymptomatic individuals require an intensive strategies on active case detection. Currently,
most asymptomatic infections in endemic countries remain undetected as infected individuals have no
signs or symptoms and don’t present at health facilities. Even if presented, malaria tests may not be
conducted in the absence of fever, and even if test is conducted, the available diagnostic tests such as
RDT and Microscopy can only detect infections with su�cient parasitic densities [12]. This being the
case, in times of no highly sensitive diagnostic techniques such as PCR, those less sensitive techniques
can help us in understanding the tip of the iceberg of the burden of asymptomatic Malaria. Using
microscopy, this study identi�ed the prevalence of asymptomatic malaria in Leaiten and explored
potential risk factors in the context of the village.

In this study 5.9% of the 322 people studied had asymptomatic malaria. Considering the relative
sensitivity of light microscopy for malarial parasite, being 50.8% less to that of PCR [15], and accounting
the high number of low density parasitic infections in this study; the burden is expected to be much
higher in the village. This high occurrence of asymptomatic malaria could indicate the concealed impact
of this condition in perpetuating the seasonal occurrence of malaria in the area. This prevalence is in line
with the result in a neighbouring country Ethiopia [16], which reported a prevalence of 6.8% using
microscopy. In contrary, the �nding is very low compared to studies in the hyper endemic region of Africa
with a microscopically con�rmed prevalence of 92.3% in Mount Cameroon region Ekona [17], 25.6% in
Osogbo Nigeria [18], and 14% in Tanzania [19]. Most of the asymptomatic parasitaemia in this study was
due to P. falciparum (94.7%), which is similar to the study in Hajir valley Yemen (96.7%) [20] and the study
of the tribal population in eastern India (93.9%) [21], however higher than that of Sanja town, Ethiopia
(76.9%) [16].

The majority (94.7%) of parasitaemic study participants had low parasite density, which is similar to the
result obtained from a study in Ethiopia [16]. This may be due to the low diagnostic sensitivity of routing
microscopic examination. The only one medium density infection found was P.falciparum and at its
gametocyte stage.
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The sex distribution of asymptomatic malaria was assessed in this study to compare the relative
difference in the occurrence of the infection as may be attributed to life style, dressing or other
differences between the two categories. Even though insigni�cant, the study showed a prevalence of
9.1% among males and 4% among females. This is similar to the �ndings of Sanja town in Northwest
Ethiopia, with the prevalence of males and females being 9.8% and 5.1% respectively [16]. Both �ndings
are very low compared with a study conducted in Cameroon, which reported that the prevalence of males
as 48.1% and that of females as 41.4% [22].

With the increment of age, mosquito exposure may increase and the repeated plasmodium parasite
exposure may improve an individual level of immunity, resulting in higher occurrence of asymptomatic
malaria. When the frequency of asymptomatic malaria was analyzed in accordance to the different age
categories, the highest frequency was found in the age group 20–39 years old. Although this is
comparable to the study in the forested village of central India [23], no signi�cant difference was
obtained across the other age groups.

Farmers, who spend a considerable number of nights on their �eld, and housewives, students or traders,
who spend most of their nights indoors may differentiate their parasite exposure due to their
occupational circumstances. In this study, the highest prevalence was observed among students while
the lowest was among traders or others.

Factors such as use of bed net, availability of water body around living homes, and if the water body was
open or not, were not signi�cant indicators of asymptomatic malaria infection. Even though insigni�cant,
the result reveals that further analysis with more sensitive blood parasite detection methods could have
evidently clari�ed the issue.

5. Conclusion
5.9% of Leaiten residents had asymptomatic malaria. Even though, this was not impacted by Sex, Age,
Educational level, Occupation, Bed net usage, residence around water body that was open or closed, or
previous history of malaria illness; it indicated the hidden impact of asymptomatic malaria in
perpetuating malaria transmission in the village. Even though the prevalence seem to be low, treatment of
asymptomatic carriers can be very important [12]. Therefore, this study is an indicative that further
assessment of the impact of asymptomatic malaria, on malaria transmission, is needed based on a
larger and more sensitive method.
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Figure 1

Prevalence of Asymptomatic Malaria
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