<, L Open Journal of Medical Microbiology, 2025, 15(3), 180-193
Q‘ @ Scientific . ) .
Q https://www.scirp.org/journal/ojmm
0 " Research .
94% Publishing ISSN Online: 2165-3380
* ISSN Print: 2165-3372

Determining the Trends of Different
Plasmodium Species in Children 0 - 2-Year
Post Administration Sulfadoxine and
Pyrimethamine in Selected Hospitals in the
Metropolitan District of Sierra Leone

Arthur B. C. Garber?’, Esther Blessing Thomas?, Enoch Aninagyei?, Hamzza Kamaral,
Salamatu Koroma?, Sorie I. 0. Banguras3, Saidu Bangural, Babatunde Duduyemi?,
Isatta Wuriel, Mohamed Hindolo Samai?l

!College of Medicine and Allied Health Sciences, University of Sierra Leone, Freetown, Sierra Leone
2Department of Biomedical Sciences, University of Health and Allied Health Sciences, Ho, Ghana
3University of Sierra Leone Teaching Complex, Connaught Hospital Microbiology, Freetown, Sierra Leone
Email: *garberarthur23@gmail.com

How to cite this paper: Garber, A.B.C., Abstract

Thomas, E.B., Aninagyei, E., Kamara, H.,
Koroma, S., Bangura, S.1.0., Bangura, S.,
Duduyemi, B., Wurie, I. and Samai, M.H.
(2025) Determining the Trends of Different
Plasmodium Species in Children 0 - 2-Year

Background: Malaria is an alarming health concern, particularly in children
under the age of two. Studying and understanding the trends of different Plas-
modium species in children under the age of 2 aids in making prevention and

Post Administration Sulfadoxine and Py- control strategies and also prevents misdiagnosis of plasmodium species.

rimethamine in Selected Hospitals in the
Metropolitan District of Sierra Leone. Open
Journal of Medical Microbiology, 15, 180-
193.

https://doi.org/10.4236/0jmm.2025.153014

Received: July 15, 2025
Accepted: September 19, 2025
Published: September 22, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

This study aims to determine the prevalence and trends of different Plasmo-
dium species in children 0 - 2 years in Metropolitan District in Sierra Leone
post administration of S-P. Methods: This study was a cross-sectional study
with One Hundred and Fifty-Five (155) participants aged 0 - 2 years who had
taken Sulfadoxine-Pyrimethamine prophylaxis were recruited. Samples were
collected from participants for malaria parasite test at key tertiary Hospitals in
the Metropolitan District. A Rapid Diagnostic Test (RDT) kit was used and
for those participants with positive results, venous blood sample was taken for
Microscopic both thin and thick film. Data was analyzed using SPSS. Results:
From the total 155 samples collected, Ola During Children’s Hospital had a
total of 64, Rokupa Government Hospital had a total of 47 and Kingharman
Maternal and Child Health Hospital of 44. Ninety-nine (64%) of our partici-
pants are females while 56 (36%) are males. Ninety percent (90%) of the par-
ticipants had P. falciparum infection and P. ovale and P. malariae were rec-
orded in 1% each of the participants. Conclusion: Majority of the participants
had Plasmodium infections despite the administration of Sulfadoxine-Py-
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rimethamine prophylaxis. More females were infected than males in this study
and children in rural areas were more infected with malaria than children in
urban areas. P. falciparum species shows the highest distribution in all three
facilities.
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1. Introduction

Malaria remains a significant global health challenge, particularly in sub-Saharan
Africa, where it disproportionately affects young children [1]. In 2019, it was esti-
mated that malaria caused approximately 409,000 deaths, with children under five
years old representing a substantial proportion of these fatalities [2]. Furthermore,
in 2022, the WHO African Region accounted for 94% and 95% of malaria cases
and fatalities, respectively, reflecting the disease’s greatest burden (WHO, Malaria
prevalence, 2023). In Sub-Saharan Africa (SSA) children continue to be the most
susceptible to malaria and its fatalities. However, as a result in 2022 report, chil-
dren under 5 years of age accounted for nearly 80% of all malaria deaths in the
WHO African Region [3]. Children aged 2 - 12 months show a prevalence for
malarijal parasitemia, while those aged 12 - 60 months have a higher prevalence of
malaria [4]. The vulnerability of infants and toddlers to malaria is primarily due
to their immature immune systems, which are less capable of combating infec-
tions compared to older children and adults. In sub-Saharan African precisely
countries like Sierra Leone and Democratic Republic of Congo, malaria is the
leading cause of high infant mortality and morbidity [5]. After the bite, malaria is
accompanied by fever, chills, sweating, headache, body and muscular aches, nau-
sea, vomiting, and appetite loss are the first symptoms to appear [5].

As research indicates that clinical manifestations of malaria typically include
fever, palmar pallor, and gastrointestinal symptoms which are specific to children
under 2 [6]. Furthermore, malaria in infants under two years old can present with
a variety of signs and symptoms, which may differ from those observed in older
children and adults [7]. The treatment of P. falciparum malaria in children aged
0 - 2 years requires careful consideration of their unique physiological character-
istics and the potential risks associated with antimalarial medications [8].

However, the treatment requires treatment guidelines such as first-line treatment
for infants weighing > 5 kg Artemisinin-based therapies (ACTs) are recommended,
including artemether-lumefantrine (A-L) and artesunate-amodiaquine (A-AQ) [9].

For infants weighing < 5 kg the World Health Organization (WHO) advises
using oral quinine as the primary treatment [10]. Although Artemisinin based
Combination Treatments are generally preferred for uncomplicated malaria, their

use in this weight category is limited, with artesunate-amodiaquine being the only
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ACT registered for infants weighing > 4.5 kg [11]. Thus, the main reasons for
introducing Intermittent Preventive Treatment in Infant-Sulfadoxine and Py-
rimethmine in infants aged 0 - 2 years, the S-P has been shown to reduce the risk
of clinical malaria, anaemia, and hospital admissions in infants [11].

In areas where malaria transmission occurs year-round, infants often suffer re-
peated episodes of malarial illness [11]. IPTi-SP is administered three times during
the first year of life at intervals corresponding to routine vaccination schedules [12].

However, the use of Sulfadoxine-Pyrimethamine ensures that infants receive
preventive treatment at key points in their development [13]. Before April 1998,
73% of children under 2 years received less than the recommended target dose of
25 mg/kg sulfadoxine plus 1.25 mg/kg pyrimethamine [14]. However, between
1993-1999, the efficacy of S-P was monitored in 1,175 children under 24 months
in western Kenya with intense malaria transmission. There was an inverse rela-
tionship between S-P dose (mg/kg) and probability of parasitological treatment
failure by day 7 [10]. Sulfadoxine-pyrimethamine (S-P) has been studied for its
effectiveness in treating and preventing malaria in children, particularly those un-
der two years of age. Furthermore, S-P has been shown to be effective in treating
uncomplicated falciparum malaria in children under two years old [15]. Studies
indicate that appropriate dosing is crucial, as underdosing can lead to treatment
failure. Additionally, due to the medication effectiveness, additional countries
have implemented the usage of IPTi-SP [16], most notably Sierra Leone [17]. How-
ever, Sierra Leone as a nation did introduce IPTi-SP among pregnant women and
children 0 - 2 years old. However, the intermittent preventive treatment of malaria
in infants (IPTi) has shown to be a key malaria control strategy implemented in
Sierra Leone, specifically targeting children aged 0 - 2 years [18]. This approach
involves administering an anti-malarial drug, sulfadoxine-pyrimethamine (SP),
alongside routine immunizations to reduce malaria prevalence in Under 2 chil-
dren [12]. In addition to standard immunization and different immunization pro-
grams, the administration of IPTi consists of a treatment course of sulfadoxine-
pyrimethamine between the ages of 10 - 14 weeks and 9 months. However, this
study aims at determining the trend of This study aims to determine the preva-
lence and trends of different Plasmodium species in children 0 - 2 years of age in

Metropolitan District in Sierra Leone post administration of S-P.

2. Methods
2.1. Study Design

This research employs a comparative cross-sectional study in children under 0 - 2
years of age at Ola During Children Hospital (ODCH), King Harman Maternal
and Child Health Hospital (KHMCH), and Rokupa Government Hospital (RGH)
to examine the trends of Plasmodium species these selected hospitals within the
Metropolitan district of Sierra Leone. The study was conducted from July to No-
vember 2024 “While the study was done at one point in time, the term ‘trends’ is

used to describe patterns and differences in the types of Plasmodium species
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found at the different hospitals during the study period.”

2.2. Study Population

The targeted population for this research were Children under the age of two years
who visited the ODCH, KHMCH and RGH in the Metropolitan District of Sierra
Leone post S-P. A total of 155 children were enrolled in this study after doctors’
visits.

The children attending ODCH, KHMCH, and RGH for postnatal care and dis-
ease manifestation of febrile illness, confirmed evidence of receiving S-P, resi-
dence living in withing study site, no evidence of malnutrition, updated immun-
ization record to date, and no allergy of S-P were included in this study. Children
0 - 2 years with complicated illnesses, have had multiple malaria episodes and had
been treated with multiple antimalarial drugs as well as parents who failed to give
consent for their minors to partake in the study were excluded from the study.
Participants’ demographics were obtained using questionnaire which was an-

swered by either their parents or guardian during the course of this research.

2.3. Sampling Strategy

In this study a purposive sampling approach to select children under two years
old who met our study criteria. These were kids who came to Ola During Children’s
Hospital (ODCH), King Harman Maternal and Child Health Hospital (KHMCH),
or Rokupa Government Hospital (RGH) for postnatal care or because they had a
fever, and who had already received Sulfadoxine-Pyrimethamine (S-P). Children
were enrolled consecutively after seeing the doctor, so we included those who nat-
urally came through each facility during our study period, from July to November
2024. The aim was to include a balanced number of participants from each hospi-
tal, based on the number of under-two patients they typically see, so that we could
make fair comparisons between the three locations. The total sample of 155 chil-
dren was drawn proportionally based on each hospital’s usual patient volume and
reflected the kinds of children normally seen there both in terms of age and the
reasons for their visit.

We also looked at hospital records and clinic attendance logs to make sure our
sample lined up with the broader under-two population served by each facility.
This helped us feel confident that the children in our study were a good represen-

tation of the general population of young children attending these hospitals.

2.4. S-P Timing and Infection Risk

In Sierra Leone, Sulfadoxine-Pyrimethamine (S-P) is given to infants at 10 weeks,
14 weeks, and 9 months of age as part of the IPTi schedule. For this study, the date
of each child’s most recent S-P dose was recorded based on parent or guardian
recall, and where possible, verified using child health cards.

The time interval between the most recent S-P dose and blood sample collection

was calculated. Based on this, children were grouped into the following categories:
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e (-2 weeks (recent dose),
e 3 -4 weeks, and
e More than 4 weeks (likely outside the expected protective window).
This interval was included as a variable in the statistical analysis to explore any
relationship between time since S-P administration and the presence of Plasmo-

dium infection.

2.5. Sample Collection and Analysis

All samples were collected with the aid of a standard operating procedure (SOP) by
trained and qualified phlebotomists using two methods which are the Venipuncture
technique and Finger pricking techniques (capillary). Rapid diagnostic testing was
carried out on children with clinical symptoms of febrile illness as confirmed by the
clinician. A venous blood sample was subsequently taken from participants who had
positive RDT for blood smear analysis. Microscopic examination was performed
only on children who tested positive by rapid diagnostic test (RDT) to confirm and
speciate Plasmodium infections. This approach was chosen to optimize resources
and reduce the workload associated with microscopy, as RDT's provide a rapid ini-
tial screen for malaria infection. Furthermore, both thick and thin smears were
made, thick film for parasite density and thin film for speciation. The thin smears
were put to air dry while the thick smears were directly stained using a 15% Giemsa
working solution. The thin smears were fixed with absolute ethanol for 2 minutes,
air dried and then stained with 3% Giemsa stain for 15 minutes.

The thick smears were fixed with absolute ethanol and then stained with Giemsa

stain for 15 minutes after they were washed using deionized water.

2.6. Microscopic Examination of Blood Smears

Microscopic examination of blood smears using the times 100 oil immersion lens
was used during this study. The thin film reading was done by counting white cells
and identifying the different species of Plasmodium, whereas the thick film was
observed by counting white cells against the parasite and then calculated accord-
ing to Parasite density = number of parasites counted x 8000 white cells/uL/num-
ber of white cells counted.

The results were analyzed using statistical package such as SPSS.

Ethical clearance: Ethical clearance was obtained for the commencement of

this research through the Sierra Leone Ethic Board.

3. Results

Generally, the observed distributions of Plasmodium species in these 3 facilities
varied and the distribution were aligned to an overall distribution in varying sets.
This section presents the analysis of malaria infection and plasmodium species
distribution in children under the age of two in three selected hospitals in the
Metropolitan district of Sierra Leone. The results are discussed through statistical

analysis and testing with the study objectives and the existing literature on the
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topic. The results are been presented in the following order.

Socio-demographic characteristics of study participants

Age distribution of Plasmodium species

Table 1 shows the distribution of plasmodium species by age categories. The
ages are categorized into groups to aid in understanding age demographics and
plasmodium species distribution. It helps identify the age category in which ma-
laria infections are more prevalent or which ages are more susceptible to malaria.
There were 13 cases of malaria in age category 0 - 6 all of which were P. falciparum
no cases of P. ovale or P. malariae. Age category 7 - 12 months has the highest
cases of 73 which includes P. falciparum (71), P ovale (1) and P. malariae (1). Age
category 13 - 18 recorded 11 cases of which P. falciparum is only recorded. Age
category 19 - 24 months has 58 cases all recorded for P. falciparum.

Table 1. Distribution of Plasmodium species by age.

SPECIES
AGE (months)  P. falciparum P. malariae P. ovale Total (%)
0-6 13 0 0 13 (9)
7-12 71 1 1 73 (47)
13-18 11 0 0 11 (7)
19 -24 58 0 0 58 (38)
Total 153 1 1 155

Below is a pie chart that gives a visual representation of the age distribution.
The pie chart age analysis shows a major distribution within the age category of
7 - 12 months which accounts for 47% (71 cases) of the total cases (Figure 1). The
age category of 19 - 24 months also has also has a significant majority which rep-
resents 38% (58 cases) of the total. Age categories 13 - 18 and 0 - 6 months bear a

minimum distribution of 9% (13 cases) and 7% (11 cases) respectively.

Age Distribution of Plasmodium Species

H AGE 0-6

W AGE 7-12

W AGE 13-18
AGE 19-24

Figure 1. A pie chart showing the percentages of the age distribution of plasmodium
species.
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Sex distribution of plasmodium species

Table 2 shows the distribution of plasmodium species by sex of the total sample
size. This is categorised into male and female. From the total sample population
(n=155), there were 99 cases (64% of the total population) for females which were
all P. falciparum and 56 cases (36% of the total sample population) for males rec-
orded which comprised P falciparum (54 cases), P. malariae (1 case), P. ovale (1

case).

Table 2. Distribution of Plasmodium species by sex from the total sample size.

SPECIES
SEX P. falciparum P. malariae P. ovale Total (%)
FEMALE 99 0 0 99 (64)
MALE 54 1 1 56 (36)
Total 153 1 1 155 (100)

Table 3 shows the distribution of Plasmodium species by sex from each study
facility. ODCH recorded 38 cases for females and 26 cases for males leading to a
total of 64 cases. There was a total of 47 cases from RGH, 31 were females and 16
were males. A total of 44 cases were recorded from KHMCH, 30 females and 14

males.

Table 3. Distribution of Plasmodium species by sex from each study facility.

SPECIES
FACILITY
Female Male Total
ODCH 38 26 64
RGH 31 16 47
KHMCH 30 14 44
Total 99 56 155

In Figure 2, ODCH shows a high representation of the sample size with its male
and female cases being higher than the other two facilities. The female cases are
slightly higher than those of the males. RGH and KHMCH are quite close in com-
parison.

Figure 3 shows a high distribution of P. falciparum in all three facilities. Both
P. malariae and P. ovale show relatively low distribution.

Prevalence of Plasmodium species in children under the age of two

Table 4 represents the frequency distribution table which lists the occurrence
of different Plasmodium species detected in the sample. The total number of valid
cases analyzed was 64, which represents 63.4% of the total data. The remaining 37
cases which makes us about 36.6% of the data were marked missing. Valid species
1 (P. falciparum) constitutes 62 cases of 61.4% of the overall dataset and 96.9% of
the valid cases (cumulative percentage). Valid species 2 (P. malariae) & 3 (P. ovale)

had only one case each, representing 1.0% each of the overall data and 1.6% each
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of the valid cases. Species 2 increased the cumulative percentage to 98.4% and

species 3 concluded the cumulative percentage to 100% of the valid cases.

40
30
20
1

o

DISTRIBUTION OF PLASMODIUM AMONG
MALE AND FEMALE

ODCH

m SEX

RG

H KGH

Facility

m SEX

Figure 2. Bar chart showing the visual representation of the distribution of plasmodium

species by sex in the three study facilities.

Frequency of plasmodium Species

70
60

50

ODCH

RGH KGH

FACILITY

M P.falciparum ®P.malarae mP.ovale

Figure 3. Distribution of plasmodium species in children under the ages of two in the
ODCH, RGH, and KHMCH.

Table 4. Frequency distribution of Plasmodium species.

Cumulative distribution SPECIES Cumulative
(Valid species) Frequency Percent Valid Percent Percent
ODCH 62 61.4 96.9 96.9
RGH 1 1.0 1.6 98.4
KHMCH 1 1.0 1.6 100.0
Total 64 63.4 100.0
Missing system 37 36.6
Total 101 100.0
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4. Discussion

Malaria remains to be a global burden and pose a health issue in children 0 - 2,
and it is over diagnosed which result in treatment failure [19].

Mixed malaria infections are often difficult to detect, largely due to limitations
in diagnostic approaches and the widespread use of rapid diagnostic tests (RDT's)
that are specific to Plasmodium falciparum [20].

This study focused on examining the prevalence and trends of different Plas-
modium species across three hospitals located in metropolitan districts of Sierra

Leone using microscopy.

4.1. Age Characteristics

From the findings in this study, children aged 7 - 12 months accounted for 73
cases, representing 47% of the total sample’s population, indicating that this age
group is particularly vulnerable to malaria infections. This finding is comparable
with other studies conducted in Malawi as it was shown that children 7 - 12
months are vulnerable [21]. A study conducted by also reported a significant prev-
alence of malaria in children over six months of age, with the peak mean age fall-
ing between 7 and 9 months [22]. Similarly, children aged 19 - 24 months consti-
tuted a high-risk group, with 58 cases, making up 38% of the total recorded case
[23]. Additionally, [24] in a recent malaria indicator survey, reported malaria
prevalence rates based on microscopic diagnostics of 17% among children aged 6

- 59 months in Guinea and 22% in Sierra Leone.

4.2. Sex Distribution Characteristics

Out of the total 155 cases recorded, 99 were female, while 56 were male, with the
highest number of female cases reported at ODCH compared to KHMCH and
RGH.

This highlights that female children were more frequently infected and hospi-
talized than males. This trend aligns with findings from [25] which similarly re-
ported higher malaria infections and hospital admissions among females com-
pared to males. Interestingly, the results also revealed a notable distribution of

other Plasmodium species among male children.

4.3. Distribution of Plasmodium Species across Selected Facilities

4.3.1. Facility-Specific Distribution

ODCH reported the highest number of Plasmodium infections, accounting for
over 40% of total cases and recording three distinct species: P. falciparum (90%),
P. malariae, and P. ovale (1% each).

RGH reported slightly more cases than KHMCH, but both facilities had similar
results, each representing over 20% of the total cases, with P. falciparum being
responsible for 100% of the infections. These findings corroborate previous stud-
ies, such as that of Bah (2020), which identified a high prevalence of P. falciparum

in Sierra Leone, while other Plasmodium species remain rare.
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4.3.2. Environmental Distribution of Plasmodium Species

ODCH and RGH, located in semi-rural areas and adjacent slum communities,
recorded higher cases of Plasmodium infections compared to KHMCH. Further-
more, KHMCH, is situated in a primarily urban highland area with no slum set-
tlements, reported fewer cases. This observation aligns with [26], who demon-
strated a higher prevalence of malaria among children living near lakeshores and

slum areas compared to those in highland regions.

4.3.3. Prevalent Plasmodium Species in Children Aged 0 - 2 Years in Sierra
Leone

P. falciparum emerged as the dominant species across the three selected hospitals,
accounting for 90% of the total cases. This establishes P. falciparum as the primary
Plasmodium species affecting children aged 0 - 2 years in Sierra Leone. Other
Plasmodium species, such as P. malariae and P. ovale, contributed marginally to
the overall malaria burden in this age group. These findings are consistent with
[27] who identified P. falciparum as the most prevalent malaria species in Sierra

Leone.

5. Conclusions

To understand the trends of different Plasmodium species in children 0 - 2 years
who have been administered S-P. Analysis of Plasmodium species trends in chil-
dren aged 0 - 2 revealed that Plasmodium falciparum was the most prevalent spe-
cies, with a marked increase in cases in female compared to male.

This suggests that environmental factors, such as increased mosquito activity
during the wet season, significantly contribute to the incidence of malaria in this
vulnerable age group. Notably, the study revealed that P. falciparum is prevalent
in slum settings and wharves as the hospital with the highest frequency happens
to be in the said location.

Recommendations for Practical Action-Based on the study’s conclusions, the
following recommendations are proposed to address malaria prevalence effec-
tively:

1) Strengthening Malaria Control Programs

Given that P. falciparum is the predominant species causing severe malaria in
children under two years, malaria control efforts should prioritize this species.
Preventive strategies such as the distribution of insecticide-treated bed nets, in-
door residual spraying, and promoting early diagnosis and treatment must be
strengthened.

2) Awareness Campaigns for Caregivers

Educational programs should focus on empowering caregivers to recognize
early symptoms of malaria in young children. Prompt hospital visits when symp-
toms are identified can significantly improve treatment outcomes.

3) Implementation of Good Sanitation Practices

The Ministry of Health should enforce sanitation regulations, including regular

community clean-ups and the establishment of effective drainage systems, partic-
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ularly in malaria-prone areas.

4) Enhanced Malaria Surveillance and Research

Continuous monitoring and research on malaria trends in children under two
years should be conducted across various districts. This will aid in detecting rising
trends, tracking drug resistance, and identifying outbreaks involving other Plas-

modium species.

6. Limitations

This study has several limitations. First, species identification was based solely on
microscopy without molecular confirmation, which may limit accuracy in differ-
entiating closely related Plasmodium species. Second, the study did not assess mo-
lecular markers of drug resistance, which could provide important information
on treatment efficacy. Finally, the cross-sectional design did not allow for longi-
tudinal follow-up to monitor changes in infection status or the effectiveness of S-
P prophylaxis over time.
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