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Abstract: According to the latest World Health Organization malaria report, 95% of 241 million
global malaria cases and 96% of 627,000 malaria deaths that were recorded in 2020 occurred in Africa.
Compared to 2019, 14 million more cases and 69,000 more malaria deaths were recorded, mainly
because of disruptions to medical services during the COVID-19 pandemic. The aim of this study
was to assess the prevalence of asymptomatic malaria cases in children and adults living in the
Dzanga Sangha region in the Central African Republic (CAR) during the COVID-19 pandemic. Rapid
immunochromatographic assays for the qualitative detection of Plasmodium species (P. falciparum,
P. vivax, P. ovale/P. malariae) circulating in whole blood samples were used. A screening was performed
in the group of 515 patients, 162 seemingly healthy children (aged 1–15) and 353 adults, all inhabiting
the villages in the Dzanga Sangha region (southwest CAR) between August and September 2021.
As much as 51.2% of asymptomatic children and 12.2% of adults had a positive result in malaria
rapid diagnostic tests (mRDTs). Our findings demonstrated a very high prevalence of asymptomatic
malaria infections in the child population. Limited access to diagnostics, treatment and prevention of
malaria during the global COVID-19 pandemic and less medical assistance from developed countries
may be one of the factors contributing to the increase in the prevalence of disease in Africa.

Keywords: asymptomatic malaria; mRDT; Central African Republic; COVID-19 pandemic

1. Introduction

Malaria is a vector-borne parasitic disease, which in humans, is primarily caused by
one of the five species of Plasmodium: Plasmodium falciparum, Plasmodium vivax, P. ovale
(P. ovale curtisi, P. ovale wallikeri), P. malariae and P. knowlesi (simian species found in Southeast
Asia). Thanks to recent developments in molecular diagnostics, it is possible to identify
further enzootic species of Plasmodium in humans: P. simium, P. cynomolgi, P. coatneyi
and P. inui; however, their prevalence and clinical picture have not been conclusively
established [1,2].

According to the latest World Health Organization (WHO) report on malaria (The
World Malaria Report 2021) [3], there were an estimated 241 million malaria cases in 2020
in 85 endemic countries, increasing from 227 million in 2019, with 95% of the cases reported
from Africa (>50% of global malaria infections are reported from only five countries:
Nigeria, the Democratic Republic of the Congo, Uganda, Mozambique and Angola). The
number of malaria deaths globally in 2020 was 627,000 (69,000 deaths more compared
to 2019), mainly because of disruptions in the provision of medical services during the
coronavirus disease 2019 (COVID-19) pandemic. It is worth pointing out that 96% of global
malaria deaths are reported in Africa (with Nigeria, the Democratic Republic of the Congo,
Uganda, Mozambique and Angola accounting for >50% of deaths). Most malaria infections
and deaths on the African continent occur in children under 5 years old [3].
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Some experts estimate that because of the effects of the ongoing COVID-19 pandemic
and a possible collapse of the public health care systems in many developing countries, the
rates of morbidity and mortality of malaria in Africa are likely to increase rapidly [4]. Ac-
cording to WHO, P. falciparum is responsible for 99.7% of all malaria infections in Africa [3].
In 2020 there were a total of 215 million suspected, presumed or confirmed cases of malaria
on the continent [3]. However, some experts estimate that a lot of malaria cases in Africa go
undetected (this is associated with a high proportion of asymptomatic infections), and this,
in turn, remains a major obstacle in the fight to eliminate malaria from the continent [4].
The Central African Republic (CAR) is a landlocked country in Sub-Saharan Africa where
malaria transmission occurs year-round. The population of the country is 4.8 million people.
According to WHO, there were 2,730,158 suspected and 1,980,804 presumed or confirmed
cases of malaria in CAR in 2020; all of the cases were reportedly caused by P. falciparum [3].
In CAR, malaria is considered to be responsible for as much as 40% of all reported illnesses
and 10% of all registered deaths, especially in the paediatric population [5]. Because diag-
nostic capabilities in CAR are limited and because of high rates of asymptomatic infections
in the area, a significant proportion of cases are classified as suspected. In early 2020 (in
the pre-pandemic period), the authors tested for malaria 500 seemingly healthy children
(aged 1–15) living in the Dzanga Sangha region in southwest CAR (the same population of
children was involved in the present study). Rapid diagnostic test (RDT) results showed
that the overall prevalence of asymptomatic malaria in the study group at that time was
35.2% [6].

The present study aimed to assess the prevalence of asymptomatic malaria cases in
children and adults living in the Dzanga Sangha region in the Central African Republic
during the COVID-19 pandemic.

2. Materials and Methods
2.1. Study Population

The study was conducted between August and September 2021 and involved a group
of 515 patients, children (aged 1–15 years) and adults (aged 16–76) of both sexes (settled
Bantu and semi-nomadic BaAka Pygmies) living in the Monasao village (population of
approx. 4000 people) and neighbouring villages in the Dzanga Sangha region (Bayanga
subprefecture with a population of approx. 12,000; Sangha-Mbaere prefecture; elevation:
510 m above sea level) in the southwest CAR. Adults and children were recruited in
the villages, then directed to the local health care facility in Monasao, where malaria
rapid diagnostic tests (mRDTs) were used (the only available diagnostic tool for malaria
detection, no possibility of malaria confirmation by microscopy). The only inclusion criteria
were the absence of clinical signs and symptoms of malaria (body temperature ≤37.5 ◦C).
The exclusion criteria were: the presence of malaria signs and symptoms, anti-malarial
treatment received in the past 28 days and difficulties in the venepuncture procedure.
On behalf of the paediatric patients, the consent to participate in the study was given by
their parents. The parents had been informed of the study’s purpose and methods. The
interviews were conducted in their native language, either in Sango (a language spoken
by the Bantu) or Mbenzele (a language used by the BaAka Pygmies). Medical personnel
responsible for carrying out the study procedures measured the participants’ body weight
and body temperature (correct temperature was defined as ≤37.0 ◦C, low-grade fever:
37.1–37.5 ◦C, fever: ≥37.6 ◦C). Next, the medical staff performed RDTs for malaria as well
as haemoglobin measurements to identify any possible cases of anaemia.

2.2. Malaria Screening and Blood Sampling Procedures

Immunochromatographic mRDT (Pf/Pv/Pan; Beright, Hangzhou AllTest Biotech Co.,
Ltd.) detecting Plasmodium species (P. falciparum, P. vivax, P. ovale/P. malariae) in whole blood
samples were used. Asymptomatic malaria was defined as the presence of Plasmodium
species on mRDT with no clinical signs of the disease (body temperature ≤37.5 ◦C, no chills,
headache, joint pain, weakness, vomiting or diarrhoea). The mRDT sensitivity (the ability
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of the test to correctly identify patients who have malaria, true positive rate) is >98.7% and
its specificity (the ability of the test to correctly identify patients who do not have malaria,
true negative rate) is >99.0% (according to the manufacturer’s specifications) [7].

2.3. Haemoglobin Measurements

Haemoglobin level was measured using a portable DiaSpectTM analyzer (EKF Diag-
nostics, Cardiff, UK) by examining a venous blood sample. The definition of anaemia
was based on the WHO criteria [8], where a haemoglobin level of ≥12 g/dL in women,
≥13 g/dL in men and ≥12 g/dL in elderly people (both sexes) is regarded as normal;
11.0–11.9 g/dL in women and 11.0–12.9 g/dL in men as mild, 8.0–10.9 g/dL as moderate
and <8.0 g/dL as severe anaemia.

2.4. Statistical Methods

Statistical analysis was carried out using StatSoft, Inc. (2014) STATISTICA (data analy-
sis software system) version 12.0. (StatSoft, Kraków, Polska) www.statsoft.com (accessed
on 10 October 2021). All data were presented as mean (standard deviation), range, median
and 95% confidence interval (CI). Groups of data were compared using t-Student, U Mann-
Whitney or Kruskal-Wallis test. Values of p < 0.05 or lower were considered significant.

2.5. Ethical Approval

The research project was approved by the Committee on Bioethics at the Military
Institute of Medicine, Warsaw, Poland (Decision No. 22/WIM/2020) under the Declaration
of Helsinki (1996) and the rules elaborated by the European Union “Good clinical practice
for trials on medicinal products in the European Community. The rules governing medicinal
products in the European Community” (1999) ratified by the Committee of Ethics in Poland
(March 1993). The tests performed in the CAR were carried out with the written consent
of each participant and under the supervision of priest Wojciech Lula (a catholic mission
superior and a manager of the healthcare centre in Monasao, Bayanga subprefecture,
Sangha-Mbaere prefecture), with considerable help from the medical staff working at the
healthcare centre.

3. Results

The study involved 162 children (Table 1) and 353 adults (Table 2) without any clinical
signs of malaria. The most significant finding of the study was a high prevalence of
malaria (51.2%) in asymptomatic children. The mean age of the children with a positive
result on mRDT was 5.8 years. Children with mRDT (+) were statistically significantly
younger (p = 0.0006). The mean body weight of the children with mRDT (+) was 17.0 kg.
Children with mRDT (+) had significantly lower body weight (p < 0.0001). The mean body
temperature of the children with mRDT (+) as well as those with mRDT (–) was 36.6 ◦C.
The mean Hb g% of the children with mRDT (+) was 10.4 g/dL. Children with mRDT (+)
had significantly lower Hb g% (p < 0.000001).

Table 1. Characteristics of asymptomatic children (n = 162).

Variables mRDT (−)
(n = 79)

mRDT (+)
(n = 83)

Total
(n = 162) p-Value

Age (years) 0.0006 1

Mean (SD) 7.8 (3.9) 5.8 (3.6) 6.8 (3.9)
Range 1.0–15.0 1.0–15.0 1.0–15.0

Median 8.0 5.0 6.0
95%CI [7.0; 8.7] [5.0; 6.6] [6.2; 7.4]

Sex 0.3301 3

Female 46 (58.2%) 42 (50.6%) 88 (54.3%)
Male 33 (41.8%) 41 (49.4%) 74 (45.7%)

www.statsoft.com
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Table 1. Cont.

Variables mRDT (−)
(n = 79)

mRDT (+)
(n = 83)

Total
(n = 162) p-Value

Body weight (kg) <0.0001 1

Mean (SD) 22.8 (10.2) 17.0 (9.2) 19.8 (10.1)
Range 4.0–49.0 3.0–50.0 3.0–50.0

Median 21.0 15.0 18.0
95%CI [20.5; 25.1] [15.0; 19.0] [18.2; 21.4]

Body temperature (◦C) 0.6534 1

Mean (SD) 36.6 (0.3) 36.6 (0.3) 36.6 (0.3)
Range 36.0–37.4 36.0–37.4 36.0–37.4

Median 36.7 36.7 36.7
95%CI [36.6; 36.7] [36.6; 36.7] [36.6; 36.7]
Hb g% <0.000001 2

Mean (SD) 11.6 (1.4) 10.4 (1.5) 11.0 (1.6)
Range 8.8–15.5 6.5–13.8 6.5–15.5

Median 11.6 10.4 11.1
95%CI [11.3; 12.0] [10.1; 10.8] [10.8; 11.3]

1 U Mann-Whitney; 2 t-Student; 3 Chi-square.

Table 2. Characteristics of asymptomatic adults (n = 353).

Variables mRDT (−)
(n = 310)

mRDT (+)
(n = 43)

Total
(n = 353) p-Value

Age (years) 0.2004 1

Mean (SD) 37.8 (14.8) 35.5 (16.9) 37.5 (15.1)
Range 16.0–76.0 16.0–76.0 16.0–76.0

Median 37.5 32.0 36.0
95%CI [36.1; 39.4] [30.3; 40.7] [35.9; 39.1]

Sex 0.2288 2

Female 202 (65.2%) 32 (74.4%) 234 (66.3%)
Male 108 (34.8%) 11 (25.6%) 119 (33.7%)

Body weight (kg) 0.8601 1

Mean (SD) 47.9 (10.1) 47.4 (8.4) 47.8 (9.9)
Range 22.0–105.0 32.0–69.0 22.0–105.0

Median 46.0 46.0 46.0
95%CI [46.8; 49.0] [44.9; 50.0] [46.8; 48.9]

Body temperature (◦C) 0.4034 1

Mean (SD) 36.6 (0.2) 36.5 (0.3) 36.6 (0.2)
Range 36.0–37.4 36.0–37.1 36.0–37.4

Median 36.6 36.6 36.6
95%CI [36.6; 36.6] [36.5; 36.6] [36.6; 36.6]
Hb g% 0.0036 1

Mean (SD) 12.2 (1.7) 11.5 (1.4) 12.1 (1.7)
Range 9.3–16.5 9.0–14.5 9.0–16.5

Median 12.2 11.5 12.2
95%CI [12.0; 12.4] [11.0; 11.9] [11.9; 12.3]

1 U Mann-Whitney; 2 Chi-square.

The prevalence of Plasmodium infections was much lower among asymptomatic adults
than it was among children (12.2% vs. 51.2%, p < 0.0001). The mean Hb g% of the adults
with mRDT (+) was 11.5. Adults with mRDT (+) had significantly lower Hb g% (p = 0.0036).

The study revealed infections with different species of Plasmodium, including P. falci-
parum (99.0%), P. vivax (6.3%) and Pan (P. ovale/P. malariae, 4.8%) (Tables 3 and 4). More than
one Plasmodium species were observed in 3.6% of the children and 11.6% of the adults tested.
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Table 3. Children with mRDT (+) (n = 83).

Variables P. falciparum
(n = 83)

P. vivax
(n = 3)

Pan
(P. ovale/P. malariae)

(n = 1)

Age (years)
Mean (SD) 5.8 (3.6) 7.7 (4.6) 13 years

Range 1.0–15.0 5.0–13.0
Median 5.0 5.0
95%CI [5.0; 6.6] [−3.8;19.1]

Sex
Female 42 (50.6%) 2 (66.7%) 1 (100.0%)
Male 41 (49.4%) 1 (33.3%) 0 (0.0%)

Body weight (kg)
Mean (SD) 17.0 (9.2) 20.0 (8.7) 30 kg

Range 3.0–50.0 14.0–30.0
Median 15.0 16.0
95%CI [15.0; 19.0] [−1.7;41.7]

Body temperature (◦C)
Mean (SD) 36.6 (0.3) 36.4 (0.1) 36.5 ◦C

Range 36.0–37.4 36.4–36.5
Median 36.7 36.4
95%CI [36.6; 36.7] [36.3;36.6]
Hb g%

Mean (SD) 10.4 (1.5) 10.9 (1.4) 9.3 g%
Range 6.5–13.8 9.3–11.7

Median 10.4 11.7
95%CI [10.1; 10.8] [7.5;14.3]

Table 4. Adults with mRDT (+) (n = 43).

Variables P. falciparum
(n = 43)

P. vivax
(n = 5)

Pan
(P. ovale/P. malariae)

(n = 5)
p-Value

Age (years) 0.1478 1

Mean (SD) 35.5 (16.9) 46.6 (17.6) 46.6 (17.6)
Range 16.0–76.0 22.0–65.0 22.0–65.0

Median 32.0 48.0 48.0
95%CI [30.3; 40.7] [24.7;68.5] [24.7;68.5]

Sex 0.9733 2

Female 32 (74.4%) 4 (80.0%) 4 (80.0%)
Male 11 (25.6%) 1 (20.0%) 1 (20.0%)

Body weight (kg) 0.1664 1

Mean (SD) 47.4 (8.4) 52.0 (8.5) 52.0 (8.5)
Range 32.0–69.0 43.0–66.0 43.0–66.0

Median 46.0 50.0 50.0
95%CI [44.9; 50.0] [41.5;62.5] [41.5;62.5]

Body temperature (◦C) 0.3705 1

Mean (SD) 36.5 (0.3) 36.7 (0.3) 36.7 (0.3)
Range 36.0–37.1 36.5–37.1 36.5–37.1

Median 36.6 36.6 36.6
95%CI [36.5; 36.6] [36.4;37.1] [36.4;37.1]
Hb g% 0.9751 1

Mean (SD) 11.5 (1.4) 11.8 (0.4) 11.8 (0.4)
Range 9.0–14.5 11.3–12.2 11.3–12.2

Median 11.5 11.9 11.9
95%CI [11.0; 11.9] [11.3;12.2] [11.3;12.2]

1 Kruskal-Wallis; 2 Chi-square.
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4. Discussion

Malaria remains a primary health issue in Africa as it accounts for 9% of all illnesses
reported from this continent [3]. In Europe, more than 8000 cases of imported malaria are
reported each year, and a vast majority of those cases are imported from Africa [9]. The
WHO has warned that due to the COVID-19 impact, the number of new cases and deaths
from malaria in Africa is likely to increase. On the other hand, because the prevalence
rates of SARS-CoV-2 infections are much lower in African countries than they are in Asia,
Europe or in North and South America [10], tourism industry experts forecast that Africa
may soon become the popular destination for travellers from high-income countries (12%
increase in arrivals in 2021 compared to 2020) [11].

The aim of this study was to assess the prevalence of asymptomatic malaria cases in
children and adults living in the Dzanga Sangha region in the Central African Republic
(CAR) during the COVID-19 pandemic. The WHO has indicated that the actual rates of
malaria cases in the CAR could be underestimated, and in fact, they may be several times
higher than the official reports suggest. This is mainly due to the fact that a significant
number of malaria cases in the region are asymptomatic [12]. Children are one of the
most vulnerable groups affected by malaria in high-transmission areas of sub-Saharan
Africa [13]. Asymptomatic carriers do not seek treatment for their infection and add up
to a reservoir of parasites available for transmission by Anopheles mosquitoes [14]. The
long-term asymptomatic carriage may represent a form of tolerance to the parasite in
children building up their immune response. In this way, the asymptomatic carriage would
protect these children from developing a mild or severe malaria attack by keeping their
immunity effective [15,16]. Conversely, asymptomatic carriage may represent a mode of
entry to symptomatic malaria, especially in young children [17].

The results of this study conducted during the COVID-19 pandemic (August–September
2021) revealed that as much as 51.2% of the involved paediatric group (i.e., 162 seemingly
healthy children aged 1–15 years old living in the southwest Central African Republic)
had asymptomatic malaria. A study conducted before the pandemic (early 2020) in the
same group of children (500 children aged 1–15) identified asymptomatic cases of malaria
in 35.2% of the examined group. The results demonstrate very high malaria prevalence
rates in the child population living in Central Africa. Our current findings are similar
to those reported by Maziarz et al. [18] in northern Uganda in a sample of more than
1000 children under 16 years old, where asymptomatic malaria was identified in 52.4% par-
ticipants. Asymptomatic infections go unnoticed and thus are never treated [19], resulting
in anaemia, disturbed concentration and learning difficulties [20]. They are prevalent in all
parts of sub-Saharan Africa [21–23] and pose a real challenge for malaria prevention and
control strategies on the continent. Asymptomatic carriers remain the main reservoir of
infection that spawns new clinical cases. The mean age of asymptomatic children with a
positive result on mRDT in our research study was 5.8 years. Children with mRDT (+) were
statistically significantly younger. According to Ndamukong-Nyanga et al. [24], the drop in
the prevalence of malaria associated with an increase in age is related to the acquisition of
protective immunity due to repeated infections as children grow older in high transmission
areas. These findings have been confirmed by the results of a study conducted in Tanzania
which showed a reduction in positive mRDTs among older children [25]. The mean Hb %
in asymptomatic children with mRDT (+) was found to be 10.4 g/dL (range 6.5–13.8) vs.
11.6 (range 8.8–15.5) in children with mRDT (–). Our study has confirmed a high prevalence
of mild to moderate anaemia in the paediatric population involved in the study. Children
with mRDT (+) had significantly lower Hb %. These findings are comparable with the
results obtained by Teh et al. [26], who found that there were more positive mRDTs among
anaemic than non-anaemic children. Frequent anaemia has also been confirmed by Nzobo
et al., who aimed to assess the prevalence of malaria in a group of >300 asymptomatic
Tanzanian school-children aged 6–13 years and found that their mean haemoglobin level
was 10.1 g/dL [27].
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The present study revealed that the prevalence of Plasmodium infections was much
lower among asymptomatic adults (n = 353) than it was among children. The study
found that only 12.2% of adults were infected with malaria. A lower prevalence rate in
this group could be associated with protective antiparasitic immunity. In areas of high
malaria transmission, the frequency of clinical events and average parasite densities are
likely to decrease with age in line with increasing acquired immunity [28]. Subsequent
Plasmodium infections are likely to become less severe and manifest with milder signs and
symptoms. They may also be asymptomatic or take the form of infection with low subpatent
parasite densities below the limit of detection (50–100 parasites/µL) by mRDT, depending
on the gradual development of protective immunity and different degree of antigenic
diversity. Age seems to be an important factor affecting the longevity of the humoral
response, as adults seem to make better long-lived antibody responses to Plasmodium
antigens (antibodies protect from reinfection) than children [29].

Disruption in the provision of diagnosis, prevention and treatment remains a major
obstacle in the fight to eliminate malaria and other tropical diseases from Africa. The same
may be true for the efforts undertaken to combat the COVID-19 pandemic. The WHO
vaccination strategy assumed that a minimum of 40% of each country’s population would
receive full primary immunisation against SARS-CoV-2 by the end of 2021 [30]. To date,
only 9% of Africa’s population has been vaccinated against COVID-19 [30]. According to
the WHO, Africa is the least affected region globally in terms of the number of reported
SARS-CoV-2 infections (1.5%) and the number of COVID-19 deaths (0.1%) [31]. COVID-19
is the sixth leading cause of death in high-income countries and the 41st cause of death
in sub-Saharan Africa [32]. Africa’s low morbidity and mortality rates are primarily due
to a lower population median age and a lower obesity prevalence compared to high-
income countries in Europe or North America [31]. On the other hand, a small number
of confirmed cases may be attributable to limited testing. Focusing on the COVID-19
pandemic and diverting resources from treating other conditions may slow down the fight
against infectious diseases which are endemic in Africa [31].

Limitations of the study: no information on cases of malaria among pregnant women
in the study group, lack of microscopy data and PCR confirmation of malaria infections
(low sensitivity of RDT compared to PCR may lead to false-negative results and an under-
estimation of the prevalence rate of asymptomatic Plasmodium carriers), possible long-term
positivity of HRP2-based mRDTs even after complete elimination of P. falciparum from
patients with effective treatment.

5. Conclusions

The current prevalence of asymptomatic malaria in children living in the southwest
of the Central African Republic is very high. In contrast, the prevalence of asymptomatic
malaria in adults studied at the same time and place was found to be several times lower
than in the paediatric population, which might be attributable to their acquired protective
immunity against Plasmodium infections. The WHO has warned that there may be a further
increase in malaria-related morbidity and mortality in Africa in the following years, as a
consequence of diverting funding from control strategies aimed at diagnosis, prevention
and treatment of tropical diseases (including malaria) to the COVID-19 control strategies.

Author Contributions: Conceptualisation, K.K.; methodology, K.K.; software, K.K.; validation, E.B.-
S.; formal analysis, E.B.-S.; investigation, K.K.; resources, E.B.-S.; data curation, K.K.; writing, K.K. All
authors have read and agreed to the published version of the manuscript.

Funding: The research was funded by the Ministry of Science and Higher Education in Poland, grant
number 587/WIM/2021, and the APC was funded by the Military Institute of Medicine, Warsaw,
Poland. The funders had no role in the study design, data collection and analyses, decision to publish
or preparation of the manuscript.



Int. J. Environ. Res. Public Health 2022, 19, 3544 8 of 9

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee at the Military Institute of Medicine,
Warsaw, Poland, decision number 22/WIM/2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: The authors are grateful to Wojciech Lula (a catholic mission superior and
manager of the healthcare centre in Monasao, Central African Republic) and medical personnel for
their assistance and supervision in patient recruitment, collection of personal data and performing
the screening tests.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CAR Central African Republic
CI confidence interval
COVID-19 coronavirus disease 2019
Hb haemoglobin
mRDT malaria rapid diagnostic test
OR odds ratio
SD standard deviation
WHO World Health Organization

References
1. Plewes, K.; Lepold, S.L.; Kingston, H.W.; Dondorp, A.M. Malaria. What’s New in the Management of Malaria? Infect. Dis. Clin. N.

Am. 2019, 33, 39–60. [CrossRef] [PubMed]
2. Yap, N.J.; Hossain, H.; Nada-Raja, T.; Ngui, R.; Muslim, A.; Hoh, B.-P.; Khaw, L.T.; Kadir, K.A.; Divis, P.C.S.; Vythilingam, I.; et al.

Natural Human Infections with Plasmodium cynomolgi, P. inui, and 4 other Simian Malaria Parasites, Malaysia. Emerg. Infect.
Dis. 2021, 27, 2187–2191. [CrossRef] [PubMed]

3. World Health Organization (WHO). World Malaria Report 2021; WHO: Geneva, Switzerland, 2021. Available online: https:
//www.who.int/publications/i/item/9789240015791 (accessed on 10 December 2021).

4. Weiss, D.J.; Bertozzi-Villa, A.; Rumisha, S.F.; Amratia, P.; Arambepola, R.; Battle, K.E.; Cameron, E.; Chestnutt, E.; Gibson, H.S.;
Harris, J.; et al. Indirect effects of the COVID-19 pandemic on malaria intervention coverage, morbidity, and mortality in Africa:
A geospatial modelling analysis. Lancet Infect. Dis. 2021, 21, 59–69. [CrossRef]

5. Gresenguet, G.; Moyen, M.; Koffi, B.; Bangamingo, J.P. Policy brief on improving access to artemisinin-based combination
therapies for malaria in Central African Republic. Int. J. Technol. Assess. Health Care 2010, 26, 242–245. [CrossRef] [PubMed]

6. Korzeniewski, K.; Bylicka-Szczepanowska, E.; Lass, A. Prevalence of Asymptomatic Malaria Infections in Seemingly Healthy
Children, the Rural Dzanga Sangha Region, Central African Republic. Int. J. Environ. Res. Public Health 2021, 18, 814. [CrossRef]

7. World Health Organization (WHO). Recommended Selection Criteria for Procurement of Malaria Rapid Diagnostic Tests. Global Malaria
Programme; WHO: Geneva, Switzerland, 2018. Available online: https://www.who.int/malaria/publications/atoz/rdtselection_
criteria/en/ (accessed on 10 October 2020).

8. Cappellini, M.D.; Motta, I. Anemia in Clinical Practice—Definition and Classification: Does Hemoglobin Change With Aging?
Semin. Hematol. 2015, 52, 261–269. [CrossRef]

9. European Centre for Disease Prevention and Control (ECDC). Malaria—Annual Epidemiological Report for 2019. Available
online: https://www.ecdc.europa.eu/sites/default/files/documents/AER-malaria-2019.pdf (accessed on 30 October 2021).

10. The Center for Systems Science and Engineering (CSSE). COVID-19 Dashboard; John Hopkins University: Baltimore, MD, USA,
2022. Available online: https://gisanddata.maps.arcgis.com/apps/dashboards/bda7594740fd40299423467b48e9ecf6 (accessed
on 5 March 2022).

11. World Tourism Organization (UNWTO). Tourism Grows 4% in 2021 but Remains Far below Pre-Pandemic Levels; WHO: Madrid, Spain,
2022. Available online: https://www.unwto.org/news/tourism-grows-4-in-2021-but-remains-far-below-pre-pandemic-levels
(accessed on 5 March 2022).

12. World Health Organization (WHO). Country Profiles—Central African Republic; WHO: Geneva, Switzerland, 2019. Available online:
https://www.who.int/malaria/publications/country-profiles/profile_caf_en.pdf?ua=1 (accessed on 10 October 2020).

13. Zekar, L.; Sharman, T. Plasmodium Falciparum Malaria; StatPearls Publishing: Treasure Island, FL, USA, 2020. Available online:
https://www.ncbi.nlm.nih.gov/books/NBK555962/ (accessed on 30 October 2020).

14. Kimbi, H.K.; Keka, F.C.; Nyabeyeu, H.N.; Ajeagah, H.U.; Tonga, C.F.; Lum, E.; Gah, A.H.; Lehman, L.G. An update of
asymptomatic falciparum malaria in school children in Muea southwest Cameroon. J. Bacteriol. Parasitol. 2012, 3, 2. Available
online: https://www.longdom.org/open-access/an-update-of-asymptomatic-falciparum-malaria-in-school-children-in-muea-
southwest-cameroon-2155-9597.1000154.pdf (accessed on 30 October 2020). [CrossRef]

http://doi.org/10.1016/j.idc.2018.10.002
http://www.ncbi.nlm.nih.gov/pubmed/30712767
http://doi.org/10.3201/eid2708.204502
http://www.ncbi.nlm.nih.gov/pubmed/34287122
https://www.who.int/publications/i/item/9789240015791
https://www.who.int/publications/i/item/9789240015791
http://doi.org/10.1016/S1473-3099(20)30700-3
http://doi.org/10.1017/S0266462310000231
http://www.ncbi.nlm.nih.gov/pubmed/20392335
http://doi.org/10.3390/ijerph18020814
https://www.who.int/malaria/publications/atoz/rdtselection_criteria/en/
https://www.who.int/malaria/publications/atoz/rdtselection_criteria/en/
http://doi.org/10.1053/j.seminhematol.2015.07.006
https://www.ecdc.europa.eu/sites/default/files/documents/AER-malaria-2019.pdf
https://gisanddata.maps.arcgis.com/apps/dashboards/bda7594740fd40299423467b48e9ecf6
https://www.unwto.org/news/tourism-grows-4-in-2021-but-remains-far-below-pre-pandemic-levels
https://www.who.int/malaria/publications/country-profiles/profile_caf_en.pdf?ua=1
https://www.ncbi.nlm.nih.gov/books/NBK555962/
https://www.longdom.org/open-access/an-update-of-asymptomatic-falciparum-malaria-in-school-children-in-muea-southwest-cameroon-2155-9597.1000154.pdf
https://www.longdom.org/open-access/an-update-of-asymptomatic-falciparum-malaria-in-school-children-in-muea-southwest-cameroon-2155-9597.1000154.pdf
http://doi.org/10.4172/2155-9597.1000154


Int. J. Environ. Res. Public Health 2022, 19, 3544 9 of 9

15. Kun, J.F.J.; Kremsner, P.G.; Lell, B.; Missinou, M.A.; Knoop, H.; Dangelmaier, O.; Bojowald, B.; Sovric, M. New emerging
Plasmodium falciparum genotypes in children during the transition phase from asymptomatic parasitemia to malaria. Am. J.
Trop. Med. Hyg. 2002, 66, 653–658. [CrossRef]

16. Le Port, A.; Cot, M.; Etard, J.-F.; Gaye, O.; Migot-Nabias, F.; Garcia, A. Relation between Plasmodium falciparum asymptomatic
infection and malaria attacks in a cohort of Senegalese children. Malar. J. 2008, 7, 1–9. [CrossRef]

17. Henning, L.; Schellenberg, D.; Smith, T.; Alonso, P.L.; Tanner, M.; Mshinda, H.; Beck, H.-P.; Felger, I. A prospective study of
Plasmodium falciparum multiplicity of infection and morbidity in Tanzanian children. Trans. R. Soc. Trop. Med. Hyg. 2004, 98,
687–694. [CrossRef]

18. Maziarz, M.; Nabalende, H.; Otim, I.; Legason, I.D.; Kinyera, T.; Ogwang, M.D.; Talisuna, A.O.; Reynolds, S.; Kerchan, P.; Bhatia,
K.; et al. A cross-sectional study of asymptomatic Plasmodium falciparum infection burden and risk factors in general population
children in 12 villages in northern Uganda. Malar. J. 2018, 17, 1–15. [CrossRef] [PubMed]

19. Noor, A.M.; Kirui, V.C.; Brooker, S.J.; Snow, R.W. The use of insecticide treated nets by age: Implications for universal coverage in
Africa. BMC Public Health 2009, 9, 1–8. [CrossRef] [PubMed]

20. Clarke, S.E.; Jukes, M.; Njagi, J.K.; Khasakhala, L.; Cundill, B.; Otido, J.; Crudder, C.; Estambale, B.B.; Brooker, S. Effect of
intermittent preventive treatment of malaria on health and education in schoolchildren: A cluster-randomised, double-blind,
placebo-controlled trial. Lancet 2008, 372, 127–138. [CrossRef]

21. Singh, R.; Godson, I.I.; Singh, S.; Singh, R.B.; Isyaku, N.T.; Ebere, U.V. High prevalence of asymptomatic malaria in apparently
healthy schoolchildren in Aliero, Kebbi state, Nigeria. J. Vector Borne Dis. 2014, 51, 128–132. Available online: https://pubmed.
ncbi.nlm.nih.gov/24947220/ (accessed on 30 October 2021).

22. Gudo, E.S.; Prista, A.; Jani, I.V. Impact of asymptomatic Plasmodium falciparum parasitemia on the imunohematological indices
among school children and adolescents in a rural area highly endemic for Malaria in southern Mozambique. BMC Infect. Dis.
2013, 13, 244–248. [CrossRef]

23. Orish, V.N.; Aho, K.A.; Ofori-Amoah, J.; Osei-Yobah, J.; Jamfaru, I.; Afeke, I.; Lennox, M.-A.; Festus, A. Asymptomatic Plasmodium
falciparum infection and poor school performance in primary school children in the Volta Region of Ghana. Ethop. J. Health Sci.
2018, 28, 749–758. [CrossRef]

24. Ndamukong-Nyanga, J.L.; Kimbi, H.K.; Sumbele, I.U.N.; Emmaculate, L.; Nweboh, M.N.; Nana, Y.; Bertek, S.C.; Ndamukong,
K.J.N. Assessing the Performance Characteristics of the “CareStartTM Malaria HRP2 pf (CAT NO: G0141, ACCESSBIO)” Rapid
Diagnostic Test for Asymptomatic Malaria in Mutengene, Cameroon. Int. J. Trop. Dis. Health 2014, 4, 1011–1023. [CrossRef]

25. Laurent, A.; Schellenberg, J.; Shirima, K.; Ketende, S.C.; Alonso, P.L.; Mshinda, H.; Tanner, M.; Schellenberg, D. Performance of
HRP-2 based rapid diagnostic test for malaria and its variation with age in an area of intense malaria transmission in southern
tanzania. Malar. J. 2010, 9, 1–9. [CrossRef]

26. Teh, R.N.; Sumbele, I.U.N.; Nkeudem, G.A.; Meduke, D.N.; Meduke, D.N.; Ojong, S.T.; Kimbi, H.K. Concurrence of CareStartTM
Malaria HRP2 RDT with microscopy in population screening for Plasmodium falciparum infection in the Mount Cameroon area:
Predictors for RDT positivity. Trop. Med. Health 2019, 47, 1–11. [CrossRef]

27. Nzobo, B.J.; Ngasala, B.E.; Kihamia, C.M. Prevalence of asymptomatic malaria infection and use of different malaria control
measures among primary school children in Morogoro Municipality, Tanzania. Malar. J. 2015, 14, 1–7. [CrossRef]

28. Langhorne, J.; Ndungu, F.; Sponaas, A.-M.; Marsh, K. Immunity to malaria: More questions than answers. Nat. Immunol. 2008, 9,
725–732. [CrossRef] [PubMed]

29. Pérez-Mazliah, D.; Ndungu, F.; Aye, R.; Langhorne, J. B-cell memory in malaria: Myths and realities. Immunol. Rev. 2019, 293,
57–69. [CrossRef] [PubMed]

30. Diseases, T.L.I. Time for Africa to future-proof, starting with COVID-19. Lancet Infect. Dis. 2022, 22, 151. [CrossRef]
31. Lancet, T. COVID-19 in Africa: No room for complacency. Lancet 2020, 395, 1669. [CrossRef]
32. Kirenga, B.J.; Byakika-Kibwika, P. Excess COVID-19 mortality among critically ill patients in Africa. Lancet 2021, 397, 1860–1861.

[CrossRef]

http://doi.org/10.4269/ajtmh.2002.66.653
http://doi.org/10.1186/1475-2875-7-193
http://doi.org/10.1016/j.trstmh.2004.03.010
http://doi.org/10.1186/s12936-018-2379-1
http://www.ncbi.nlm.nih.gov/pubmed/29925378
http://doi.org/10.1186/1471-2458-9-369
http://www.ncbi.nlm.nih.gov/pubmed/19796380
http://doi.org/10.1016/S0140-6736(08)61034-X
https://pubmed.ncbi.nlm.nih.gov/24947220/
https://pubmed.ncbi.nlm.nih.gov/24947220/
http://doi.org/10.1186/1471-2334-13-244
http://doi.org/10.4314/ejhs.v28i6.10
http://doi.org/10.9734/IJTDH/2014/10778
http://doi.org/10.1186/1475-2875-9-294
http://doi.org/10.1186/s41182-019-0145-x
http://doi.org/10.1186/s12936-015-1009-4
http://doi.org/10.1038/ni.f.205
http://www.ncbi.nlm.nih.gov/pubmed/18563083
http://doi.org/10.1111/imr.12822
http://www.ncbi.nlm.nih.gov/pubmed/31733075
http://doi.org/10.1016/S1473-3099(22)00011-1
http://doi.org/10.1016/S0140-6736(20)31237-X
http://doi.org/10.1016/S0140-6736(21)00576-6

	Introduction 
	Materials and Methods 
	Study Population 
	Malaria Screening and Blood Sampling Procedures 
	Haemoglobin Measurements 
	Statistical Methods 
	Ethical Approval 

	Results 
	Discussion 
	Conclusions 
	References

