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Abstract
Background. Malaria remains a major public health concern in Democratic Republic of Congo (DRC), and
school-age children are relatively neglected in malaria prevalence surveys and may constitute a signi�cant
reservoir of transmission. This study aimed to understand the burden of malaria infections in school-age
children in Kinshasa/DRC.

Methods. 634 (427 asymptomatic and 207 symptomatic) blood samples were collected from a cross-sectional
survey of school-age children aged 6 to 14 years both without and with malaria symptoms. Nested-PCR was
performed for malaria parasite species typing.

Results. The overall prevalence of Plasmodium spp., Plasmodium falciparum, Plasmodium malariae and
Plasmodium ovale was 62.3, 58.1, 19.9 and 10.8% among asymptomatic whereas it was 94.4, 93.2, 12.6 and
15.9% in symptomatic children, respectively. All Plasmodium species infections were signi�cantly more
prevalent in the rural area compared to the urban area in asymptomatic infections (p<0.001). Living in a rural as
opposed to an urban area was associated with a �ve-fold greater risk of asymptomatic malaria parasite
carriage (p<0.001). Amongst asymptomatic malaria parasite carriers, 43% of children in the rural area were co-
infected with two or more species with P. falciparum + P. malariae the most common (24%) whereas in the
urban setting, fewer children carried co-infections (16%) with P. falciparum + P. malariae again the most
common (9%). A �fth of rural-dwelling symptomatic children were co-infected with two or more species with P.
falciparum + P. ovale the most common (14%), while a quarter of symptomatic children in the urban area
carried multiple species, with co-infections of P. falciparum + P. malariae the most common (11%).

Conclusion. School-age children are at signi�cant risk from both asymptomatic and symptomatic malaria
parasite infections. Continuous systematic screening and treatment of school-age children in high-transmission
settings across the country may reinforce malaria intervention measures.

Background
Despite a widespread reduction in malaria-asscociated morbidity and mortality in the past decade, malaria
remains a major public health problem in sub-Saharan Africa. In 2018, 228 million estimated cases of malaria
resulting in 405,000 deaths occurred worldwide. The African region accounted for 93% of cases and 94% of
deaths, and Plasmodium falciparum was responsible for 99.7% of all cases (1).

It has been shown that in high transmission sites, symptomatic malaria occurs most often in children under �ve
years old, whereas asymptomatic infections generally occur in older people, school-age children and adults that
have acquired immunity against the disease due to repeated exposure (2–5). Systematic screening and
treatment of asymptomatic individuals in high-transmission settings may facilitate malaria intervention
measures and contribute to malaria elimination (6, 7).

School-age children are not usually covered by household-based cluster surveys and/or malaria interventions
and so represent an untreated demographic that may harbour a signi�cant parasite reservoir (8–13), thus
posing a major challenge for malaria control, surveillance, and elimination strategies (8, 14–16). Even though
school-age children rarely develop complicated forms of malaria, chronic infection among this group is an
important major contributor to pathology, including anaemia, and thus may have profound consequences for
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neuro-cognitive development and educational achievement including increased absenteeism, poor school
performance, and cognitive disorders (17–22).

The Democratic Republic of Congo (DRC) is the second most malaria-affected country in the world after Nigeria
(1). About 97% of its inhabitants live in perennial malaria transmission zones, in which transmission occurs for
8 to 12 months yearly (23). In 2018, the country accounted for 12% and 11% of all estimated malaria cases and
deaths worldwide, respectively (1). Currently, all WHO recommended intervention measures are undertaken
under the umbrella of the national malaria control program (NMCP), except for chemoprevention in children.
The burden of malaria in school-age children in DRC is not well understood, as most malaria prevalence studies
have focused on children under �ve years old.

Here, we assessed the burden of malaria among asymptomatic and symptomatic school-age children living in
rural and urban areas in Kinshasa/DRC, to inform the design and employment of school-based malaria control
interventions for malaria control in this underserved population.

Methods
Study design

A cross-sectional study was undertaken between October and November 2019 among school-age children aged
6 to 14 years in Kinshasa, DRC.

Study area and study population

The study was carried out in primary schools and health facilities in Kinshasa. Kinshasa is the capital city of
the country with an area of 9, 965 km2 (urban area: 600 km2) located at 4˚19’30’’S 15˚19’20’’E. In 2017, its
population was estimated at 12.7 million. The common language is Lingala (local language) and French
(o�cial language). It is at an altitude of 240 m above the sea level, with an annual temperature range of 10˚C to
38˚C (October: 17˚C to 35˚C, November: 18˚C to 37˚C) and an annual rainfall of 1482 mm. Kinshasa is
subdivided into 24 communes and 35 health zones (HZ).

The study was conducted at primary schools and health facilities in the rural area of Mont-Ngafula 2 Health
Zone (HZ) and the urban area of Selembao HZ. In selected schools, we included all children aged 6 to 14 years
with body temperatures less than 37.5˚C during a physical examination and who did not have malaria-related
symptoms in the two weeks prior to the survey. In selected health facilities, we included all outpatient children
aged 6 to 14 years who exhibited fever and/or malaria-related symptoms within the three days prior to medical
consultation and who had not taken antimalarial drugs prior to the consultation.

Sampling and Sample size determination

Both hospital-based and school-based surveys were conducted. A two-stage strati�ed cluster sampling protocol
was performed to select two health zones (HZ) among 35 within Kinshasa and their constituent health facilities
and primary schools. The sample size was determined using the standard statistical formula n= (Z2p (1-p)/d2)
considering 95% con�dence interval, 50% estimated prevalence and 5% precision.
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Based on this assumption, 634 school-age children (427 asymptomatic and 207 symptomatic) were included in
this study.

Data collection

In schools, two visits were necessary for sample collection. The �rst visit consisted of the selection of primary
classrooms of each primary grade followed by the distribution of written consent forms to all children
belonging to the selected classroom for their parents/guardians. On the second visit, after obtaining written
consent from parents/guardians, information related to sex, age, and body temperature were recorded and a
physical examination carried out. An interview was conducted for asymptomatic school-age children from 4th to
6th primary grades using a semi-structured questionnaire to record information related to the history of fever
and malaria-related symptoms and treatment; sociodemographic status of parents (parent marital status,
number of father’s partners, father’s education level, mother’s education level, family size) and information
related to the use of mosquito bed nets and/or indoor insecticide spray within households.

The questionnaire was written in English by the research team, and later translated into French (o�cial
language). When children were unable to give correct answers to certain questions (questions related to the
education level of parent, marital status, etc.), the question(s) were addressed to parents through telephone
calls.

In health facilities samples were collected day by day depending on health facility attendance. Malaria-related
symptoms and information related to gender, age, and body temperature were recorded followed by physical
examination in health facilities after obtaining consent from outpatient parents/guardians.

Detection and identi�cation of Plasmodium spp.

In both schools and health facilities, blood was collected from a �nger prick for malaria rapid diagnostic tests,
thin and thick �lm preparation, and spotted onto Whatman 903™ �lter paper (Whatman plc, UK) for PCR
analysis. Whatman 903™ �lter papers containing blood samples were dried and stored in individual plastic bags
containing desiccant and stored at -20˚C before transportation to Nagasaki University for PCR analysis. DNA
was extracted using the QIAamp DNA Mini Kit® (Qiagen, USA) according to the manufacturer’s instructions.
DNA was eluted in 50 μL of the provided buffer.

A nested PCR using primers targeting the Plasmodium mitochondrial cytochrome c oxidase III (cox3) gene was
performed using the protocol described by Isozumi et al (24) with minor modi�cations; in particular, the P. vivax
speci�c primers were redesigned due to concerns regarding the non-speci�c binding of the originally described
primers (Table 1). PCR products were visualized under UV light on 2% agarose gels run at 100 volts for 30
minutes and stained with Gel Red® solution for 30 minutes.

Data management and analysis

Data was double-entered and validated in EPI INFO version 3.5.1 and analysed using STATA version 14.2
(College Station. Texas, USA). Descriptive variables were analysed as proportions (qualitative variables) or by
median/mean (continuous variables). Chi-square tests (or Fisher’s exact tests when appropriate) and logistic
regression analysis were used to assess associations between independent variables and Plasmodium spp.
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infection prevalence. Odds ratios (ORs) and 95% con�dence intervals (CIs) were derived. Signi�cance was set at
𝑝 < 0.05.

Ethical considerations

The study was approved by the ethics committees of the School of Public Health, Kinshasa University, DRC
(Approval number: ESP/CE/042/2019) and the Institute of Tropical Medicine, Nagasaki University (Approval
number: 190110208-2). Written informed consent was obtained from children’s parents/guardians and assent
from children ≥ 7 years old were sought. The written informed consent document was provided either in French
(o�cial language) or Lingala (local language) depending on the parent’s educational background. All malaria
positive cases from mRDTs were treated according to national malaria diagnosis and treatment guidelines.

Results
Description of study population

A total of 634 (210 asymptomatic and 105 symptomatic in the rural area; 217 asymptomatic and 102
symptomatic in the urban area) children aged 6 to 14 years old were included in this study.

Their median (interquartile range) age was 9 (7-11) and 8 (7-9) for asymptomatic and symptomatic children in
the rural area, and 8 (7-10) and 9 (7-12) for asymptomatic and symptomatic children in the urban area,
respectively. Children aged 6 to 9 years old accounted for 51% of the asymptomatic group and 78% of the
symptomatic group in the rural area, and 68% of the asymptomatic group and 53% of the symptomatic group in
the urban setting; half of the asymptomatic and the symptomatic group were females in the rural area, and
about 55% of the asymptomatic group were females and 56% of the symptomatic group were males in the
urban setting (Additional �le, Table S1).

Information relating to sociodemographic characteristics of asymptomatic school-age children and malaria
preventive measures

Among 227 (131 in the rural area and 96 in the urban area) asymptomatic school-age children who were
interviewed, most of children (≥80%) lived together with their parents in both rural and urban areas, 60% had at
least one mosquito bed net and 31% slept under a mosquito net the night before the interview in the rural area
whereas 28% had at least one mosquito bed net and 25% slept under a mosquito net the night before in the
urban area (Additional �le, Table S2).

History of last fever and/or malaria-like symptoms

Among 131 children interviewed in the rural area, 54% reported a malaria episode in the three months prior to
the survey. Only 34% went to a health facility, and the majority of these (82%) went to a health centre. Forty-four
percent of children had self-medicated (of which 33% had used pyrimethamine/sulfadoxine and 11%
artemisinin-based combination therapy) without a con�rmed malaria diagnosis. Fifty-two percent of children
missed classes and among these, 39% missed �ve days or more (Figure 1).

Among 96 children interviewed in the urban area, a 78% reported a malaria episode in the three months prior to
the survey. Only 39% went to a health facility, and the majority of these (95%) went to a health centre. Seventeen
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percent of children had self-medicated (of which 25% used Pyrimethamine/sulfadoxine, 25% used artemisinin-
based combination therapy and 50% did not remember the drug’s name) without a con�rmed malaria
diagnosis. Forty-four percent of children missed classes and among these, 38% missed �ve days or more
(Figure 1)

Symptoms of outpatient school-age children at admission

All 207 children (105 in the rural area and 102 in the urban area) attending health facilities had fever symptoms
(100%), followed by vomiting (37%), fatigue (28%) and diarrhoea (23%) in the rural area versus headache (72%),
fatigue (50%), lack of appetite (49%) and abdominal pain (48%) in the urban setting as major symptoms
(Additional �le, Table S3)

Prevalence of Plasmodium spp. infections

The overall prevalence of Plasmodium spp., Plasmodium falciparum,Plasmodium malariae and Plasmodium
ovale was 62%, 58%, 19% and 10% among asymptomatic children and 94%, 93%, 12% and 15% in symptomatic
children, respectively. No P. vivax infections were observed.

All malaria parasite species were signi�cantly more prevalent in the rural area compared to the urban setting in
asymptomatic infections (p<0.001), whereas in symptomatic infections, P. malariae was signi�cantly less
prevalent in the rural area compared to the urban setting (7.6 versus 17.7%, p=0.03, Table 1).

Association age / gender with Plasmodium species infections

Figure 3 shows the distribution of the malaria parasite species infecting asymptomatic children in the rural and
urban areas. The distribution of P. falciparum does not change with age in the in rural setting, while it increases
with age in the urban setting. Plasmodium malariae and P. ovale infections are more common in older children
in the rural area.

In the rural area, asymptomatic children aged 10 to 14 years were signi�cantly more likely to be infected with P.
malariae (38.5 versus 24.5%, p=0.03) and P. ovale (23.1 versus 10.4%, p=0.014) than those aged 6 to 9 years. In
the urban area, however, older children were more likely to carry P. falciparum than younger children (50.7 versus
35.1%, p=0.029). There was no association between gender and any particular Plasmodium species infection
iin either the rural or urban areas (Additional �le, Table S4a). Older children were less likely to harbour single
species (33.7 versus 57.6%) and more likely to harbour mixed species infections (44.2 versus 24.5 %), (p=0.02)
infections in the rural area, whereas in the urban area older children were insigni�cantly more likely to harbour
both single species (46.4 versus 33.8%) and mixed species infections (8.7 versus 6.8 %), (p=0.13) infections
(Additional �le, Table S5a)

In symptomatic children, there was no association between age or gender with particular malaria parasite
infections in either the rural or the urban areas except for P. ovale which infected younger children more often in
the urban setting (4.2 versus 22.2 %, p=0.009) (Additional �le, Table S4b). Age and gender were not associated
with carriage of single compared to mixed infections in either the rural or the urban areas (Additional �le, Table
S5b).

Predictors of asymptomatic malaria infection
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Residence in the rural setting was associated with an increased risk of asymptomatic malaria parasite carriage.
There was an approximately �ve times greater risk of asymptomatic carriage of malaria parasites for children
living in the rural, as opposed to urban area (p<0.001). Other investigated factors were not associated with
increased risk of asymptomatic malaria infection (Additional �le, Table S6).

Discussion
This study aimed to measure the burden of Plasmodium spp. infections amongst asymptomatic and
symptomatic school-age children living in rural and urban areas in Kinshasa, DRC.

Kinshasa, the capital city of DRC, constitutes an urban malaria facies where malaria prevalence is moderate,
with an average of eight percent of the population infected at any given time in the city, with increase
prevalence variations away from the city centre (23, 25). Malaria transmission rates are not homogenous
throughout the city and depend on the population density and level of urbanization. The prevalence is highest in
the more densely populated and less urbanized zones in the periphery (23, 26). Additionally, malaria infection
usually follows a seasonal pattern regulated by mosquito population �uctuations controlled by climate (26, 27).
This study was conducted at the beginning of the rainy season between October and November when
conditions of temperature and humidity are favourable for malaria transmission. Temperature, humidity, and
rainfall constitute important drivers of mosquito dynamics and malaria risk (27-29).

School-age children currently constitute a neglected group regarding the control and prevention of malaria in
the DRC, which currently predominantly targets children under �ve years old and pregnant women (23). The
prevalence of malaria parasite infections found in this study was 62.3% (80.0% in rural area and 45.2% in urban
area) in asymptomatic children and 94.7% (97.2 % in rural area and 92.2% in urban area) in those children with
symptoms suggestive of malaria. The high prevalence found in both asymptomatic and symptomatic children
highlights the importance of malaria in this age group in Kinshasa.

At least nine out of ten children that presented at a health facility with fever or malaria-related symptoms were
found to be infected with malaria parasites. The WHO recommends that anti-malaria treatment is given only
after a positive con�rmatory test for malaria, by means such as microscopy or RDT. However, both microscopy
and RDTs carry some risk of false negative results, compromising treatment in some cases. Additionally, not all
symptomatic children can attend health facilities despite the fact that the NMCP provide diagnosis and
treatment free to all children attending health facilities for con�rmatory test. This situation may be due to sub-
optimal communication between NMCP health professionals and community members or due to a lack of
available transportation fees for access to the health facility. In this study, among the children surveyed, nearly
66% (rural) and 62% (urban) of children did not go to health facilities for con�rmatory testing in the last time
they had malaria-like symptoms, and among them, 44% and 17% reported having self-medicated, respectively.

We observed a high prevalence of Plasmodium spp. infection in asymptomatic school-age children of 45% and
80% in the urban and rural settings, Our �ndings are similar to those found in a survey conducted in Lualaba,
DRC (77%) (30), and in the national malaria survey in Cote d’Ivoire (63.3%) (31), whilst differing from a study
conducted in Uganda (30%) (20). Studies conducted in Kenyan schools between 2008 and 2010 showed a
prevalence of 4% with a range between 0 and 71% (32). Discrepancies in prevalence may be explained by
differences in detection techniques used, differences in season of sampling, and transmission setting



Page 8/22

differences (13, 20, 33). Malaria management policies regarding prevention and control measure also differ
between countries and may be expected to account for some of the differences in prevalence observed.

In asymptomatic children, all Plasmodium species infections were signi�cantly more prevalent in the rural area
compared to the urban setting. There was a signi�cant difference in malaria prevalence in children living in rural
as opposed to urban areas, with the former �ve times more likely to be infected with malaria parasites. This
�nding is an agreement with numerous previous reports, and likely re�ects the fact that the ratio of mosquitoes
to humans is higher in rural areas than in urban areas (26, 27, 34).

It has been shown that, in urban areas, modern housing, high human population densities, awareness of use of
insecticides and bed nets may reduce the risk of malaria transmission by reduction of human-mosquito
contacts and individual biting rates (35, 36). An increase in the density of dwellings in older urban districts of
Kinshasa has contributed to the scarcity of Anopheles breeding sites through elimination and pollution except
in areas using urban agriculture and gardens (26). A relationship between areas close to agriculture �elds and
high malaria prevalence or transmission was found in Ghana, Uganda, Benin, and Cote d’Ivoire(37-42).
Proximity to permanent larval habitats sites (43), inadequate social-health resources and lower health spending
(44) may facilitate transmission in rural zones.

A study previously conducted in Kinshasa showed that in urban areas of the city, most of the mosquito
nuisance is caused by Culex quinquefasciatus which accounted for 96% of the 121 bites/ person/night (b/p/n).
The only malaria-vector mosquito detected was Anopheles gambiae sensu stricto which accounted for an
average of 5.1 bites/person/night with a sporozoite rate of 1.86%, while in rural areas, mosquito nuisance is
lower (20bites/person/night), and almost entirely due to six species of Anopheles including four vectors of
malaria: An. gambiae, An. funestus, An. nili and An. brunnipes with mean sporozoite rates of 7.85%, 6.60%,
6.63% and 0.53% respectively. The study concluded that Anopheles gambiae had higher daily mean survival
rates in rural areas (0.91) than in urban areas (0.78) leading to a greater malaria transmission rate in the former
setting (27). This is supported by a meta-analysis which found that in sub-Saharan African cities, the mean
annual entomologic inoculation rates (EIR) were 7.1 in city centers, 45.8 in periurban areas, and 167.7 in rural
areas (45). However, apid and unprecedented urbanization in sub-Saharan African, combined with often
increasing rates of poverty amongst city dwellers may increase the proportion of the malaria burden borne by
urbanites (46).

We found no signi�cant difference in Plasmodium spp. infections between genders in either asymptomatic and
symptomatic children in both rural and urban areas. These �ndings agree with previous studies that
demonstrated equal exposure between males and females to malaria risk at or below 12 years of age (47, 48).

We found that age, generally, was not associated with Plasmodium spp. infections. However, there was a
signi�cant association between age and asymptomatic P. malariae and P. ovale infections in the rural area, and
P. falciparum infections in urban setting, with children aged 10 to 14 years more infected than those aged 6 to 9
years. Older children were also the group most likely to harbour more single and mixed infections than younger
ones. The proportion of children infected with P. falciparum remained constant for all ages in the rural area,
while it increased with age in the urban setting. Plasmodium malariae and P. ovale infections increased with
age in the rural area while they did not do so in the urban setting. That difference may be due to age-related
acquisition of parasite-tolerating immunity (49, 50). It has been shown that in malaria tropical facies, malaria
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pre-immunity starts building up around 10 years (23). It may also re�ect the relative force of infection of the
species, with that of P. falciparum being higher than the other two species in the rural setting.

The presence of P. ovale and P. malariae, co-infected with P. falciparum, highlights the impact of those two
parasites in asymptomatic and chronic malaria infection. Plasmodium malariae and P. ovale are not usually
associated with severe malaria but P. malariae may be responsible for chronic nephrotic syndrome which can
be fatal (51), and chronic infections that can last for years (52), even after leaving endemic regions (44, 53).
Plasmodium ovale is responsible for relapses after months or even years without symptoms due to the
presence of hypnozoites (54-60) and it has been shown to cause severe disease and even death on occasion
(61-63). Younger school children become sicker with malaria and receive treatment more often, while older
children, due to increasing immunity, are more likely to be asymptomatic and receive treatment less often (26).

Our data are in agreement with previous reports that show that P. malariae is much less likely to be observed in
mixed species infections with P. falciparum in symptomatic malaria infections when the transmission rate of
malaria is high (64, 65). The reason for this is currently unclear. It is possible that there is a protective effect of
mixed infection with P. malariae on the severity of the disease caused by P. falciparum, perhaps mediated
through cross-immunity. It is also possible that in symptomatic P. falciparum infections, this species
competitively excludes co-infecting species due to increased parasitaemia. This exclusion could result from
within-host competition for resources (66). Or through host-immune mediated mechanisms in which the innate
immune response triggered by the high parasitaemia P. falciparum disproportionately affects the less dominant
of the species in the co-infection. A further possibility is that the nested PCR methodology used here to
determine parasite species may miss the less common of co-infecting species when the disparity between them
is large as is likely in symptomatic P. falciparum infected patients.

We did not detect P. vivax in any child in this study. This may be due to the high prevalence of the Duffy blood-
group-negative phenotype amongst the children surveyed (67), or due to a lack of circulation of the P. vivax
parasites in these areas. However, Kavunga et al (68) describe P. vivax in children under �ve living Kinshasa and
North-Kivu in DRC emphasizing the need for continued monitoring of this species among Duffy blood-group-
negative populations (49, 50).

Based on the high prevalence of malaria parasites in this study, we advocate integration of the WHO T3 (Test-
treat-track) strategy in schools, including the training of teachers in health education, particularly regarding the
use of mosquito bed nets (69). It has been shown that net coverage is relatively low in school-age children (12).
In this study, use of mosquito bed net was not associated with plasmodium infection prevalence maybe due to
small number of interviewed children. However, the coverage of use of mosquito bed net among them was low.
Only 46% of children surveyed had mosquito bed nets in their houses but 38% of these did not use a net the
previous night.

It is important to enhance control measures for asymptomatic malaria parasite carriage amongst school-age
children to protect them against conditions such as chronic anaemia, absenteeism, reduced school
performance, and other complications (17, 19). We found that 45% of children surveyed had previously missed
classes due to malaria and of these, 40% had missed �ve days or more of school, illustrating the high
educational burden of the disease amongst this age group. 
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The government should consider revising its policy regarding malaria control if the target of a 75% reduction in
malaria mortality and incidence is to be achieved by 2025 (70). Regarding the global technical strategy for
malaria 2016-2030 initiated by the WHO, the DRC is currently working on strategies to entirely implement the
�rst pillar, ensuring universal access to malaria prevention, diagnosis, and treatment. Furthermore, the DRC
ministry of health is exploring for mechanisms and strategies for control and prevention which will have
positive impacts on malaria elimination in the country. We advocate the inclusion of school-age children in
country-wide malaria survey, control, and prevention. We believe that malaria elimination in the DRC may only
be possible if all age groups are included in intervention strategies, not just children under �ve and pregnant
women. Thus, the implementation of malaria preventive treatment in younger and older children will help to
reduce the burden of malaria in these susceptible groups.

It has been shown that continuous systematic malaria screening and treatment of asymptomatic individuals,
such as school-aged children, in high-transmission settings may reinforce malaria intervention measures (7, 71,
72). Moreover, school-based malaria prevalence surveys (are easier to conduct and are cost-effective for more
de�ned assessments at the local level, including routine longitudinal malaria surveillance as it is a reliable
indicator of malaria burden and transmission intensity in a de�ned community (30, 73).

Conclusion
There is a need to include school-age children in malaria control, surveillance, and elimination strategies.
Therefore, a continuous systematic school-based prevention, screening, and treatment of children in high-
transmission settings may strengthen malaria intervention measures.
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Tables
Table 1. Primer sequences and PCR conditions for Plasmodium spp. and Plasmodium genotyping ampli�cation
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Species Primer
name

Primer sequence (5' to 3') Reaction
components

Cycling
conditions

  Outer    

 

 

- One Taq
2X Master
Mix with
standard
buffer:
12.5μL

- 10μM
forward
primer:
0.5μL

- 10μM
reverse
primer:
0.5μL

- Nuclease
free water:
6.5μL

- DNA
template:
5uL

- 25uL
reaction
volume

 

Plasmodium MtU.F CTCGCCATTTGATAGCGGTTAACC  

 

94˚C/30s;

40 cycles of
94˚C/30s,  
63˚C/1min,
68˚C/1min;
68˚C/5mins;

12˚C -∞

  MtU.R CCTGTTATCCCCGGCGAACCTTC  

  Inner    

 

 

 

 

 

One Taq 2X
Master Mix
with
standard
buffer:
12.5μL

- 10μM
forward
primer:
0.5μL

 

P.
falciparum

MtNst_falF GAACACAATTGTCTTATTCGTACAATTATTC

  MtNst_falR CTTCTACCGAATGGTTTATAAATTCTTTC

P. malariae MtNst_malF CTAGCTTTGTACACAAATTAATTCGTCTAC

  MtNst_malR CTTTATAAGAATGATAGATATTTATGACATA

P. ovale MtNst_ov2F ATTATTGTCAAATATAAGTACTTTAATC

  MtNst_ov2R GGTTGAAGTTTATGATACTAATAATC

P. vivax Pv_For1 TATTATTGTCTATACTAGATACTATAG

   Pv_Rev  CTATATTTTCATCATTAGTATCAGGA

Plasmodium MtUnst.F GTAAACATGCwGTCATACATGATGCAC

(Nested)    

  MtUnst.R CCCCGGCGAACCTTCTTACCGT
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- 10μM
reverse
primer:
0.5μL

- Nuclease
free water:
9.5μL

- DNA
template:
2uL

2x diluted
outer PCR
product

- 25uL
reaction
volume

 

Table 2. Comparison of Plasmodium infection prevalence between rural and urban areas among asymptomatic
and symptomatic school-age children

    Asymptomatic
infection

    Symptomatic infection  

  Rural area
(N=210)

Urban area
(N=217)

  Rural area (N=
105)

Urban area (N=
102)

 

Malaria
infections

Number %) number % p-
value

Number % number % p-
value

Plasmodium
species

                   

Plasmodium
spp.

168 80.0 98 45.2 <0.001 102 97.1 94 92.2 0.11

P.
falciparum

161 76.7 87 40.0 <0.001 101 96.2 92 90.2 0.09

P. malariae 66 31.4 19 8.8 <0.001 8 7.6 18 17.7 0.03

P. avale 35 16.7 11 5.1 <0.001 19 18.1 14 13.7 0.39

Type of
Plasmodium
infection

                   

Single
infection

96 45.7 82 37.8 <0.001 80 76.2 70 68.3 0.10

Mixed
infection

72 34.3 16 7.4 <0.001 22 21 24 23.5 0.22
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Table 3. Proportion of Plasmodium species composition in asymptomatic and symptomatic school-age
children by location

                                         Rural area
(N=270)

                               Urban area
(N=192)

  Asymptomatic
(N= 168)

Symptomatic
(N= 102)

Asymptomatic
(N= 98)

Symptomatic
(N= 94)

Type of Plasmodium
infection

               

Single infection 96 57.1 80 78.4 82 83.7 70 74.5

Mixed infection 72 42.9 22 21.6 16 16.3 24 25.5

Plasmodium species
composition

               

P. falciparum 89 53.0 79 77.4 73 74.5 68 72.3

P. malariae 3 1.8 0 0.0 5 5.1 2 2.1

P. ovale 4 2.4 1 1.0 4 4.1 0 0.0

P. falciparum+P. malariae 41 24.4 3 3.9 9 9.2 10 10.6

P. falciparum+ P. ovale 9 5.4 14 13.7 2 2.0 8 8.5

P. malariae+P.ovale 0 0.0 0 0.0 2 2.0 0 0.0

P.
falciparum+P.malariae+P.
ovale

22 13.1 4 3.9 3 3.1 6 6.4

 

Figures
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Figure 1

History of malaria-related symptoms among asymptomatic children in the rural (A) and urban (B) areas
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Figure 2

Species composition of Plasmodium infections in 98 asymptomatic (Panels A, E and I) and 94 symptomatic (B,
F, and J) children in the urban Selembao health zone (HZ), and 168 asymptomatic (Panels C, G and K) and 102
symptomatic (Panels D, H, and L) children in the rural Mont-Ngafula 2 HZ. (A) Proportion of single and mixed
infection in asymptomatic children in Selembao HZ. (B) Proportion of single and mixed infection in
symptomatic children in Selembao HZ. (C) Proportion of single and mixed infection in asymptomatic children in
Mont-Ngafula 2 HZ (D). Proportion of single and mixed infection in symptomatic children in Mont-Ngafula 2
HZ. (E) Malaria parasite species composition in asymptomatic children in Selembao HZ. (F) Malaria parasite
species composition in symptomatic children in Selembao HZ. (G) Malaria parasite species composition in
asymptomatic children in Mont-Ngafula 2 HZ. (H) Malaria parasite species composition in symptomatic
children in Mont-Ngafula 2 HZ. (I) Prevalence of each of three malaria parasite species assayed (Plasmodium
falciparum, Plasmodium malariae and Plasmodium ovale) in asymptomatic children in Selembao HZ. (J)
Prevalence of each of three malaria parasite species assayed (Plasmodium falciparum, Plasmodium malariae
and Plasmodium ovale) in symptomatic children in Selembao HZ. (K) Prevalence of each of three malaria
parasite species assayed (Plasmodium falciparum, Plasmodium malariae and Plasmodium ovale) in
asymptomatic carriers in Selembao HZ. (L) Prevalence of each of three malaria parasite species assayed
(Plasmodium falciparum, Plasmodium malariae and Plasmodium ovale) in symptomatic carriers in Selembao
HZ.
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Figure 3

Species composition of Plasmodium infections strati�ed by age in asymptomatic school-age children living in
rural (Panel A, n=210) and urban areas (Panel B, n=214). The number of children aged 13 and 14 years was
very low in the urban area and excluded from the �gure.
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