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ABSTRACT

Background: Malaria is a leading cause of mortality and morbidity in sub-Saharan Africa including Rwanda. Though the
prevalence of malaria has been reduced due to the use of indoor residual sprayings and insecticidetreated bed nets, it is still
a disease that kills many people annually. Many studies conducted revealed that in sub-Saharan Africa including Rwanda there
is a high prevalence of Plasmodium falciparum. However, there s still a gap in the identification of the presence of mixed
Plasmodium infection. This study was conducted to determine the overall prevalence of Plasmodium species as well as that of
mixed plasmodium infection in Ruhango and Kibilizi Health centres.

Methods: Descriptive cross-sectional study was conducted on 126 participants in Ruhango, Bunyogombe and Kibilizi health
centres located in the southern province of Rwanda. The conventional sampling strategy was used for the selection of individuals
who consented to participate in the study. Blood samples were used to detect Plasmodium species and the obtained data were
analyzed using Microsoft excel and IBM SPSS version 21.

Results: Among 126 participants presenting with signs and symptoms of malaria, the overall positive cases of Plasmodium
species were 61(48.4%) and among the fotal positive cases 56 (44.5%) were infected with single Plasmodium species while
5 (4%) were infected with mixed Plasmodium species. Plasmodium falciparum was the most prevalent species infecting 49
[39%) participants while Plasmodium vivax was the least prevalent infection, defected in only 1(0.8%) participant.

Conclusion: The study identified the significant prevalence of mixed-species of Plasmodium infection as well as the high
prevalence of Plasmodium falciparum infection in the study population. These findings suggest that there is a need for continued
monitoring of nonfalciparum infection in this population and the introduction of species-specific RDTs that can be used for
diagnostic purposes.

Keywords: Malaria, Plasmodium species, Mixed Plasmodium infection, Infection, Prevalence, Descriptive Cross-sectional
study, Samples, Purposive sampling, VWWHO.

INTRODUCTION

alaria is a human disease caused by five

Plasmodium parasites: Plasmodium talciparum,
P. vivax, P. malariae, P. ovale and P. knowlesi.
Plasmodium species are differently distributed in the
world.! The prevalence of malaria cases and deaths
differs during different seasons.? In 2017, there were
an estimated 219 million cases of malaria in 90
countries. Malaria deaths reached 435 000 in 2017.}
The World Health Organisation (WHO) African Region
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carries a disproportionately high share of the global
malaria burden in 2017 as well as in 2018. In 2017,
the region was home to 92% of malaria cases and 93%
of malaria deaths® while In 2018, malaria cases were
93% and 94% of malaria deaths.*

In Africa, including Rwanda, many epidemiological
studies demonstrate that P. falciparum is the most
prevalent malarial species.”® Some population groups
are at considerably higher risk of contracting malaria
and developing severe disease than others.” These
include infants, children under five years of age,
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pregnant women and patient with HIV AIDS as well as
non-immune migrants, mobile populations and
travelers.® In Rwanda, the Malaria indicator survey
(MIS) indicated that in 2017 the prevalence of Malaria
in the general population was 7% where Eastern
province presented 12%, Southern province 9%,
Western province 2%, Northern 1%, and Kigali city
3%.* The Rwandan National Malaria control
programmes have been at the forefront of scaling up
malaria interventions over the past decade, including
the distribution of insecticide-treated bed nets, indoor
residual spraying in high malaria transmission foci and
epidemic-prone areas, early adoption of artemisinin-
based combined therapy and use of rapid diagnostic
test (RDTs) for clinical management of malaria.?®

Rapid and accurate diagnosis
of Plasmodium infections is crucial for morbidity and
mortality reduction in tropical areas, especially in
regions where mixed infections are prevalent such as
sub-Saharan Africa including Rwanda, where all four
parasites infecting humans coexist and mixed-species
infections are common and not well characterized but
may play roles in disease progression and outcomes.'®
For improving accuracy in large epidemiological
studies, molecular diagnostic tools permitting high
throughput analysis for the identification and
quantification of malaria parasites would be of great
benefit.!!  Traditionally, light microscopy (LM)
examination of blood smears has been considered the
gold standard for the diagnosis of malaria.® Light
Microscopy has clear advantages over molecular
typing since it incurs only low costs, does neither need
complex sample preparation nor advanced technology
and permits species identification and quantification.®
In Rwanda, the use of Rapid diagnostic tests (RDT) by
community health workers has greatly facilitated the
diagnosis of malaria disease in remote areas where
Plasmodium parasites are known to be endemic.'?
However, their use is limited due to the lack of
sensitivity  to  differentiate = between  existing
Plasmodium species.?

For improving accuracy in diagnosis and treatment of
malaria, identifying malaria species and or mixed
species of Plasmodium infections are reliable methods
to move towards the elimination of Plasmodium
parasite.’ It follows that further understanding of the
distribution of local malaria species and co-infections
of plasmodium parasites is important for developing
appropriate preventive as well as diagnostic and
treatment options. This study aimed to determine the
prevalence of Plasmodium species co-infection in
Ruhango, Bunyogombe Kibilizi health centres. This
information is necessary to guide and inform
management and control strategies as wells as provide
evidence for strategic malaria diagnostics service
choices and treatment options.

Fisher’s exact test for proportions, were used to test for
independence.
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METHODOLOGY

Design and Study area

This was a descriptive cross-sectional study conducted
during the dry season for a period of three months
from May to September 2019 at Ruhango Health
Center of Ruhango district and Kibilizi Health Center
of Gisagara district located in the southern province of
Rwanda. The above districts are known to be the hot
spot zone of malaria disease in Rwanda.

Sample size determination and Sampling

A purposive sampling strategy was used to select the
participants attending Ruhango and Kibilizi health
centres presenting signs and symptoms of malaria.
Sample size calculation used the prevalence of malaria
in the southern province in 2017 which was 9% as
indicated by Rwanda Malaria indicator survey.” The
minimum sample size was calculated using Daniel’s
formula which isn = w,

where n=sample size, p= expected prevalence,
d=allowed error which is 5%, and z which is statistical
of contidence 95%."?

. z2xp(1-p 1.96%%0.09(1-0.09
The sample size was: n = 1-p) _ ( )

dz 0.052
126

Data collection and Diagnostic procedures

Finger prick was performed to prepare thick and thin
smears of 1 to 1cm and allow the prepared smears to
air dry. The well-dried smears were stained with 10%
Giemsa solution for 20 minutes and examined under
a light microscope using a 100x objective (immersion
oil objective) for detecting the presence of the
Plasmodium parasites. Once the parasites were
detected on a thick smear using a light microscope, the
thin smear was performed for differentiation of
Plasmodium species after fixing the smear in methanol
and staining it using Giemsa solution diluted 10% for
20 min and examine under the light microscope using
100x objective for species identification. Slides were
considered as positive only after being confirmed by
two more technicians. Parasite density was
determined as the number of parasites per 200
leukocytes count ot 8000/ul of blood. A negative result
was considered if no parasites were detected per 200
leukocytes. The four technicians for microscopy
detection were well trained on malaria diagnosis,
blood collection, thick and thin blood smear
preparation, Giemsa staining and using slide reader.

Data record and analysis

The data were recorded in Microsoft excel and were
analyzed using IBM SPSS version 21 (Chicago- USA).
The Mantel Haenszel chi-square test, and in some
cases

Ethical Approval
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Ethical clearance for the study was obtained from the
Institutional Review Board of the College of Medicine
and Health Sciences at the University of Rwanda
(CMHS/IRB/216/2019). The ethical clearance was
presented to study sites administration at Ruhango
and Kibilizi Health Centres and an approval letter for
the data collection was provided. The community at
the study sites was sensitized and appreciated the
objectives of the study. Informed consent forms for
data collection were signed and the participant’s
information was kept confidential. Included in the
study were the residents of the study site for 6 months
preceding the study with clinical signs and symptoms
of malaria. Those excluded were nonresidents, those
on anti-malarial treatment and those who declined to
give informed consent.

RESULTS

This study was carried out in the southern province, at
Ruhango and Kibilizi Health Centers for a period of 3
months from May to September 2019. The study
aimed to detect the mixed infection of Plasmodium
species using microscopy technique.

Socio-Demographic  Characteristics of the
population

One hundred and twenty-six participants aged
between 3 and 67 vyears old from Ruhango,
Bunyogombe and Kibilizi health centres have

participated in the study (Table I).

study

TABLE 1: Socio Demographic Characteristics of the Study Population

Health Facility

Characteristics Ruhango Bunyogombe Kibilizi Total (%)

Sex Male 37 8 6 51(40.5)
Female 58 11 6 75 (59.5)
Total 95 19 12 126
<10 28 3 2 33 (26.2)
10-20 16 6 3 25(19.8)

Age 21-30 26 4 1 31(24.6)
31-40 11 1 1 13(10.3)
41-50 1 3 12(9.5)
>50 4 2 12(9.5)
Total 95 19 12 126

The most affected population aged <10 years old and
represent 26.2%(33/126) of the total participants. In
this study, 75 (59.5%) were females and 51(40.5%)
were males. All the participants were from Southern
province especially at Ruhango Health Center,
Buntogombe Health Post and Kibirizi Health Center.

Prevalence of Plasmodium species infection in
Ruhango, Kibilizi, and Bunyogombe health centres. As
summarized in Figure 1, among the 126 persons who
participated in the study, 61(48.4%) were positive for
plasmodium infection and 65(51.6%) were negative
for Plasmodium infection. Among the total positive
cases, 56(44.5%) were infected by single species of
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plasmodium while 5(4%) were mixed plasmodium
species infections. The most prevalent Plasmodium
species was Plasmodium falciparum with 49(39%) and
the least prevalent species was Plasmodium vivax with
1(0.8%). The prevalence of Plasmodium species per
health facility are detailed in the Table 2 below.

Prevalence of mixed infections of plasmodium species
As shown in Table 2, out of 126 participants who
participated in the study, 5(4%) had mixed
Plasmodium infection. 3(2.4 %) were infected with
both Plasmodium falciparum and Plasmodium ovale
while 2(1.6 %) were infected with both Plasmodium
falciparum and Plasmodium malariae.
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FIGURE 1: Prevalence of Plasmodium species Infection in Ruhango, Kibilizi, and Bunyogombe Health Centers
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TABLE 2: Socio Demographic Characteristics of the Study Population

Health Number Prevalence of mixed infections of plasmodium species
ea
s of
facilities P. Falciparum & P.  P. Falciparum & P Value
samples . Total
ovale P. Malariae
Ruhango 95 2(1.6%) 1(0.8%) 3(2.4%) 004
0, 0, 0O,
Bunyogombe 19 1(0.8%) 1(0.8%) 2(1.6%) <001
Kibilizi 12 0(0%) 0(0%) 0(0%)
Total 126 3(2.4%) 2(1.6%) 5(4%)
DISCUSSIONS centre had a high percentage of positives cases

This study showed a significantly high prevalence of (37.3%) and had a higher prevalence of Plasmodium

Plasmodium species in Ruhango, Bunyogombe and species compared to Kibilizi health center located in
Kibilizi health centres located in the southern the Gisagara District. These findings suggest that there
province. The overall prevalence was 48.4% is a need for continued monitoring of non-tfalciparum

Plasmodium falciparum presented a high prevalence infection in this population to decide when the
of 39%. Other Plasmodium species such as species-specific RDTs can be introduced for diagnostic

Plasmodium malariae had 3.1%, Plasmodium ovale purposes as the country moves‘ towards malaria
1.6% and Plasmodium vivax 0.8%. The study elimination. In addition, ACTs, the first-line treatment

demonstrated that mixed infections account for 5% ot does not clear plasmodium hypnozoites and radical

the prevalence of the total infections. The prevalence treatmen.t with prlmailqulne, e“eCFWe against
of mixed Plasmodium infection in this study is not hypnozoites may play an important role in the control

different from a study conducted in South Korea and eventual elimination of P. vivax, P ovale and P.
which indicated a 2.1% prevalence of mixed malariae.”® The high prevalence may be attributed to

Plasmodium falciparum and Plasmodium ovale co- the fact there was no use of indoor residual sprayings

infection among Korean individuals who had returned at the time of data collection which could reduce

from the Democratic Republic of Congo suggesting malaria vectgrs and .the tran§m1§510n rate. This
that in the region of sub-Saharan Africa there is a prevalence of Plasmodium species in Ruhango and

significant prevalence of mixed Plasmodium infection Kibilizi health centres is significantly higher compared
which are often unrecognized.!s Ruhango health to other studies conducted by Gahutu et al, 2011 and
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Nyirakanani et al, 2018 with a prevalence of 16.7%
and 12.2 %, respectively.'* The patterns of the burden
of infection observed for the different species were not
surprising as similar observations have been reported
elsewhere.'”!'® However, the fact that the non-
falciparum malaria cases were present in the study
population necessitates the need to have tools at the
national level that facilitate the detections of non-
falciparum parasites. Also there is a need to conduct
refresher courses for laboratory staft and microscopists
to strengthen non-falciparum malaria diagnosis.
Therefore, future etfective malaria control requires an
elaborate understanding of the interactions among
ditterent plasmodium species.

LIMITATIONS

This study was conducted in Ruhango and Kibilizi
Health centres located in Ruhango and Gisagara
districts, respectively and the outcome of the two
Health centres cannot be applied to the whole country.
Further research is needed to establish the exact
prevalence of mixed Plasmodium infection in the
whole country.

CONCLUSION

This study revealed the presence of mixed infections
in the Southern province of Rwanda with a prevalence
of 5%. The overall prevalence of Plasmodium species
was 48.4% where P. falciparum is the most prevalent
species with 39% prevalence. This observation calls for
improvement of existing malaria control strategies at
the National level. The presence of non-falciparum
infections varies with transmission patterns,
demographic trends and geographical contrasts. There
is a need to monitor those factors through a tunctional
surveillance system to understand the epidemiological
protile. Given that most of the mixed infections cannot
be detected by HRP2- based RDTs there is a need to
strengthen the detection of malaria infection with
microscopy examination in Health care facilities to
facilitate the detection of non-tfalciparum infections.
Nonetheless, there is a need for further studies to
generate a detailed profile and epidemiology of
plasmodium species in the country.
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