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Abstract

Background: Worldwide, the highest malaria mortality is due to Plasmodium falciparum infection. However, other
species of Plasmodium (Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, and Plasmodium knowlesi) can also
cause malaria. Therefore, accurate identification of malaria species is crucial for patient management and epidemio-
logical surveillance. This study aimed to determine the different Plasmodium species causing malaria in children under
5 years old in two provinces (Kinshasa and North Kivu) of the Democratic Republic of Congo (DRC).

Methods: From October to December 2015, a health-facility based cross-sectional study was conducted in Gen-
eral Reference Hospitals in Kinshasa and North Kivu. Four hundred and seven blood samples were collected from
febrile children aged <5 years. Nested polymerase chain reaction assays were performed for Plasmodium species
identification.

Results: Out of 407 children, 142 (34.9%) were infected with Plasmodium spp. and P, falciparum was the most
prevalent species (99.2%). Among those infected children, 124 had a mono infection with P, falciparum and one
with P malariae. Mixed infections with P, falciparum/P. malariae and P, falciparum/P vivax were observed in 6 (1.5%)
and 8 (2.0%) children, respectively. The prevalence of infection was higher in females (64.8%) than in males (35.2%),
p <0.001. The age-specific distribution of infection showed that children of less than 2 years old were less infected
(18.4%) compared to those aged above 2 years (81.6%), p <0.001.

Conclusion: Although this study showed clearly that the most prevalent species identified was P, falciparum, the
findings demonstrate the existence of non-falciparum malaria, especially P malariae and P, vivax among children aged
<5 years living both Kinshasa and North Kivu Provinces in DRC.
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Background

Malaria is the major cause of morbidity and mortality
in many tropical and sub-tropical countries, with half of
the world’s population at risk [1]. Malaria is caused by
parasites of the genus Plasmodium [2], among which five
species are known to infect humans: Plasmodium falci-
parum, Plasmodium malariae, Plasmodium ovale, Plas-
modium vivax and Plasmodium knowlesi.

Plasmodium falciparum is responsible for major mor-
bidity and for mortality due to severe clinically forms
[3]. However, non-falciparum malaria is also found in
sub-Saharan Africa, representing <10% of the cases [4].
Despite control measures, malaria-related morbidity
and mortality remain significantly high in many devel-
oping countries, preventing many school children from
attending school due to illness, diminishing their capac-
ity to realise their full potential and continues to have a
severe socioeconomic impact on their populations [5, 6].
Plasmodium vivax has been reported from time to time
in populations in sub-Saharan Africa, especially when
polymerase chain reaction (PCR) assays have been used
[7, 8], but vivax malaria is generally considered to be
uncommon in sub-Saharan Africa, because a high pro-
portion of the population has Duffy negative red cells,
which cannot be invaded by P. vivax. Plasmodium ovale
and P. malariae are relatively common in many parts of
East and West Africa causing a significant proportion
of febrile malaria episodes [9] and asymptomatic infec-
tions. In the context of globalization, implying movement
of population from a place to another, and environment
changes, the epidemiology of Plasmodium species is sub-
ject to change. Since anti-malarial treatments depend of
the parasite causing the disease, the monitoring of the
distribution of Plasmodium species is essential [10, 11].
In the Democratic Republic of Congo (DRC), malaria is
one of the leading causes of death, especially in children
of less than 5 years of age and P, falciparum represent the
main species responsible of morbidity and mortality [12].
Others Plasmodium species have been reported in DRC,
but these observations were based on microscopy, not
always appropriate for species distinction.

The aim of the present study was to determine Plasmo-
dium species distribution using sensitive methods, such
as molecular techniques, in samples coming from two
DRC provinces (Kinshasa and North Kivu).

Methods
Study sites
Kinshasa Province is an urban area in the western DRC,
which hosts up 15% of the DRC’s 79 million people [13].
Kinshasa has a tropical wet and dry climate. Its lengthy
rainy season spans from October through May, with a
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relatively short dry season, between June and September
(Fig. 1). Malaria prevalence is diverse given the geograph-
ical make-up of the city, with densely populated areas
separated by large semi-rural areas, and with some of the
areas completely rural in nature [12]. Recently, the preva-
lence of malaria was fund to be around 11.9% in children
6—59 months, and as high as 31.7% in semi-rural areas of
the city [12].

North Kivu province is located in the eastern DRC.
This province is mountainous, including a large por-
tion of the Virunga National Park (Fig. 1). Some parts
are forested, others are mostly savanna with occasional
trees. The soil in the south is generally rich and fertile.
The climate is temperate and wet in the mountains, with
temperatures between 3 and 18 °C. Since 1992, the popu-
lation has suffered from ongoing violent conflict between
different rebel groups and government troops. Between
2009 and 2012, the cumulative number of malaria cases
has never exceeded 40,000 per year, but in 2013 there was
an increase of malaria cases among children of less than
5 years of age [14].

Study design

From October to December 2015, a cross sectional study
was conducted in Kinshasa and North Kivu provinces in
the DRC. Febrile children aged <5 years, seeking care for
suspected malaria at the selected General Reference Hos-
pitals, were systematically enrolled, once written consent
was obtained and subject eligibility assessed.

Sample collection

Blood samples were obtained from finger prick, collected
on filter paper (Whatman No 1), dried, stored in indi-
vidual plastic bags with desiccant and, then transferred
to the National Institute for Biomedical Research in Kin-
shasa for molecular work.

DNA extraction

DNA extraction from the blood spots on filter paper was
carried out according to the protocol of Musapa et al.
[15]. Briefly, the blood spot samples of 5 mm diameter
size were soaked in 1 ml of phosphate-buffered saline
(PBS), incubated for 30 min at room temperature in a
1.5-ml tube, and centrifuged at 7000 rpm. After cen-
trifugation the supernatant was discarded and 200 pl of
chelex 1% were added. The mixture was first incubated at
56 °C at 30 min, then at 100 °C for 8 min and centrifuged
at 7000 rpm for 5 min. The supernatant was directly
transferred into a 1.5 ml tube and kept at — 80 °C for fur-
ther analysis.
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Fig. 1 Map of Democratic Republic of Congo. 1: Kinshasa Province, 2: North Kivu Province

Table 1 Names and sequences of primers

Names of primers Sequences of primers

rPLUS 5'-CCTGTTGTTGCCTTAAACTTC-3/

rPLU6 5'-TTAAAATTGTTGCAGTTAAAACG-3/

rFAL-F 5"-CTTTTGAGAGGTTTTGTTACTTTGAGTAA-3
rFAL-R 5'-TATTCCATGCTGTAGTATTCAAACAAAA-3
rOVA-F 5'-TTTTGAAGAATACATTAGGATACAATTAATG-3'
rOVA-R 5'-CATCGTTCCTCTAAGAAGCTTTACCCT-3/
VIV-F 5'-ACGCTTCTAGCTTAATCCACATAACT-3’

VIV-R 5'-ATTTACTCAAAGTAACAAGGACTTCCAAGC-3/
rMAL-F 5'-ATAACATAGTTGTACGTTAAGAATAACCGC-3/
"MAL-R 5'-AAAATTCCCATGCATAAAAAATTATACAAA-3

Polymerase chain reaction (PCR) for Plasmodium species
identification

Nested PCR was performed as a two stage procedures:
The first round of DNA amplification was performed
using rPLU5 and rPLU6 primers (Table 1) in order to

determine the Plasmodium genus. The PCR mixture had
a total volume of 25 pl, containing 1X buffer, 200 uM
dNTPs, 10 uM of each primer, 2.5 mM MgCl,, 1 unit of
Taq DNA polymerase (Invitrogen, Carlsbad, CA) and
2 pl of DNA solution. The thermoprofile consisted of
an initial denaturation step at 94 °C for 5 min, followed
by 25 cycles at 94 °C for 45 s, 58 °C for 45 s, and 72 °C
for 1 min, and a final extension step at 72 °C for 5 min.
Amplicons were subjected to electrophoresis for approxi-
mately 40 min at 100 V on standard 2% agarose gels. The
expected size was 1200 bp (Table 2).

Nested PCR

All positive samples from the first PCR were subjected to
the second PCR round. One microlitre aliquot from the
product of the first round was used as template for Plas-
modium species-specific fragment amplification using
four pairs of primers (rfFAL-F and rFAL-R, rOVA-F and
rOVA-R, rVIV-F and rVIV-R, rtMAL-F and rMAL-R)
(Table 1). The PCR mixture and cycling conditions were
exactly the same as described in the first PCR round, but
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Table 2 Showing the expected band size for Plasmodium
Genus and Species

Genus or/species Name of primers Expected
band size
(bp)
Plasmodium Genus rPLUS and rPLU6 1200
Plasmodium falciparum rFAL-F and rFAL-R 205
Plasmodium vivax VIV-F and rVIV-R 120
Plasmodium malariae rMAL-F and rMAL-R 140
Plasmodium ovale rOVA-F and rOVA-R 800

the number of cycle was increased to 30. PCR products
were run for 40 min on a 2% agarose gel, then stained
with a 0.5 pg/ml ethidium bromide solution and visual-
ized under ultraviolet transilluminator. The expected size
of the PCR products are described in Table 2.

Data management and statistical analyses

Data were entered and analysed using Epi-info 7 and
SPSS 21 (Chicago USA), respectively. Descriptive sta-
tistics were used to summarize data (frequencies, mean,
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and median). Chi square was utilized for proportion
comparison. Ninety five (95) % confidence interval and p
value set at 0.05 were used for significance.

Ethical considerations

The study was approved by Institutional Ethics Com-
mittee of the School of Public Health of Kinshasa/DRC.
Written signed informed consent was obtained from the
parents or legal tutors of each child before his/her enroll-
ment in the study. Malaria positive cases were treated
according to national malaria diagnosis and treatment
guidelines [16].

Results

General characteristics

In total, 407 children aged <5 years old with the clinical
suspicion of malaria were enrolled. Of the 407 selected
children, 206 (50.6%) were female with sex ratio of 0.765
(Table 3). Median age was 3 years (range 1.7-5.0).

Overall prevalence of Plasmodium
Out of 407 samples analysed, 142 (34.9%) were positive
for Plasmodium sp. infection. Plasmodium falciparum

Table 3 Patient’s distribution by province, age, sex and type of infection

Variables Global Province p value
Kinshasa Nord Kivu
n % (1C95%) n % (1C95%) N % (1C95%)
Number total of participants 407 180 227
Sex 0.765
Female 206 50.6 (45.7-55.5) 93 51.7 (44.3-59) 113 49.8 (43.256.3)
Male 201 494 (44.5-54.3) 87 48.3 (40.9-55.7) 114 50.2 (43.2-56.8)
Median age years (IQR) 407 3.0(1.7-5.0) 180 50(3.3-5.2) 227 2(1-3) 0.000"
Parasitology
PANPalu 0012"
Positive 142 34.9 (30.2-39.5) 75 417 (34.4-48.9) 67 29.5 (23.5-35.5)
Negative 265 65.1 (60.5-69.7) 105 583 (51.1-65.6) 160 70.5 (64.5-76.5)
Mono-infection
P. falciparum 0.009"
Positive 141 34.6 (30.0-39.3) 75 41.7 (34.4-48.9) 66 29.1(23.1-35.0)
Negative 266 65.5 (60.7-69.9) 105 583 (51.1-65.6) 161 70.6 (64.9-76.9)
P. vivax 0.146
Positive 8 1.9 (0.06-0.3) 6 3.3(0.07-0.6) 2 0.9 (0.3-2.1)
Negative 399 98.0 (96.7-99.4) 174 96.7 (94-99.3) 225 99.1 (97.9-100)
P. malariae 0019"
Positive 7 1.7 (04-2.9) 0 0 7 3.1(0.8-5.3)
Negative 400 98.3 (97-99.5) 180 100 220 96.9 (94.7-99.2)
Mixed-infections 0017
P falciparum + P. vivax 8 2.0(0.6-3.3) 6 3.3(0.69-5.9) 2 0.8(0.3-2.1)
P, falciparum + P. malariae 6 15(0.2-2.2) 0 0 6 2.6(0.5-4.7)
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was the most prevalent species and was found in 141
(99.2%) of the positive samples (Fig. 2). Mono infection
of P. falciparum was found in 124 samples and one of
P. malariae. Mixed infections with P. falciparum and P
malariae were observed in 6 samples, while 8 samples
were positive for P. falciparum and P. vivax. The preva-
lence of infection was higher in females (64.8%) than in
males (35.2%) (p<0.001). The age-specific distribution
of infection in children showed that children of less than
2 years old were less infected (18.4%) compared to those
aged above 2 years (81.6%), p <0.001.

Prevalence of Plasmodium province-by-province

Kinshasa province reported 75 (41.7%) positive cases for
Plasmodium spp. infection including P, falciparum and P
vivax cases. Among the positive cases, the study revealed
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6 (3.3%) mixed infection cases of P falciparum and P
vivax (Table 3).

In the North Kivu Province, 67 (29%) cases were posi-
tive for Plasmodium spp. infection including P. falcipa-
rum, P. vivax and P. malariae cases with 2 (0.8%) mixed
infection cases between P. falciparum+P. vivax and 6
(2.6%) mixed infection cases of P. falciparum+ P. malar-
iae (Table 3).

Discussion

Malaria is still a major public health concern in most
endemic areas in sub-Saharan Africa, especially in the
DRC, where 14 million cases have been reported by the
WHO in 2014 [1]. Plasmodium falciparum is known
to induce more severe infections [3], but once detected
P falciparum is more susceptible to anti-malarial
drugs than other species [4]. Thus, the identification
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Fig. 2 A 2% agarose gel electrophoresis showing DNA amplification of Plasmodium Samples with various Primers. a A 2% agarose gel
electrophoresis showing DNA amplification of Plasmodium genus using rPLU5 and rPLU6 primers. Lane 1, 3, 4, 5 represent positive isolates, lane

2 represents negative isolate, lane CP represents positive control, lane CN represents negative control and lane Mq represents Molecular weight
maker 100 bp plus DNA ladder. b A 2% agarose gel electrophoresis showing DNA amplification of Plasmodium falciparum using rFAL-R and
rFAL-F primers. Lane from 1 to 5 represent positive isolates, lane CP represents positive control, lane CN represents negative control and lane Mg
represents Molecular weight maker 100 bp plus DNA ladder. ¢ A 2% agarose gel electrophoresis showing DNA amplification of Plasmodium vivax
using rVIV-R and rVIV-F primers. Lane from 1 to 2 represent negative isolates, lane 3 represents positive isolate, lane CP represents positive control,
lane CN represents negative control and lane Mq represents Molecular weight maker 100 bp plus DNA ladder

Pan Palu 1200 bp

P. falciparum 205bp

P. Vivax 120bp




Kavunga-Membo et al. Malar J (2018) 17:334

of epidemiological pattern of the disease in malaria-
endemic area is important for intervention programmes
and treatment purposes.

In the past, species characterization of Plasmodium
could be achieved using the parasitological methods
whereby different species of Plasmodium were discrimi-
nated by the morphology of the parasite and its position
in the red blood cell. However, misinterpretations can-
not be ruled out. Thanks to the development of molecu-
lar techniques, PCR with species-specific primers can
be used with more accuracy [17]. These techniques were
successfully used in various areas [17, 18] and, for the
first time, have been applied in Kinshasa and North Kivu
provinces of the DRC, using field samples collected from
children.

As expected results from study revealed a high preva-
lence of P, falciparum as previously reported in Tanzania
and DRC [19, 20]. However the study has also shown the
presence of non-falciparum Plasmodium species circu-
lating in children during the same period and in the same
area, including the co-circulation of P malariae and P
vivax. In general, the distribution of P malariae coin-
cides with that of P, falciparum in malaria endemic areas
of Africa, explaining the high frequency of mixed infec-
tions of P. malariae with P. falciparum infections [20]. In
the present study such co-infections with P. falciparum
and P. malariae have been found in 1.5% of samples.

The current study revealed also the presence of P,
vivax infecting children from DRC (Fig. 2). This is the
first report on the occurrence of this Plasmodium spe-
cies in DRC using molecular tools. Although the public
health importance of P. vivax is overshadowed by P. fal-
ciparum, it has been shown that there is a strong asso-
ciation of P vivax with certain severe malaria symptoms
and it accounts for about 390 million clinical cases annu-
ally in Asia and South America [21, 22]. Indeed P. vivax
is rare in Central Africa but it is known to be endemic
in some populations of Sudan, Somalia, Ethiopia, Dji-
bouti [22, 23]. Thus its presence in DRC cannot be sur-
prising especially with the displacement of people in this
part of Africa. The circulation of people from Asia that
is greatly increasing in the eastern part of the DRC can
also increase the prevalence of this Plasmodium species
in this area.

Most research on Duffy antigen in malaria cases over
the past 20 years has showed that people with eryth-
rocyte Duffy blood group-negative people were unable
to develop P. vivax malaria [24, 25]. However, with the
availability of molecular diagnostics, observations of
P. vivax PCR-positive, Duffy-negative individuals have
been made [26]. This is a proof that P. vivax has bro-
ken through its dependence on the Duffy antigen for
establishing human blood-stage infection and disease.
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In DRC limited studies have been conducted on eryth-
rocyte polymorphisms associated with malaria suscep-
tibility. So, further study will be necessary to investigate
the Duffy antigen status among our P. vivax infection to
elucidate its role in DRC Malaria cases.

This presence of P. malariae and P. vivax among chil-
dren living in DRC should make the determination of
the infecting Plasmodium species important in terms
of treatment because certain Plasmodium infections
can cause rapidly progressive severe illness or death
while the other infection of Plasmodium are less likely
to cause severe manifestations or have different drug
resistance patterns in differing geographic regions [4,
10, 23].

Conclusion

Although the highest number of malaria cases involv-
ing P. falciparum, the current study documented the
presence of the non-falciparum malaria parasites in
Kinshasa and North Kivu Provinces of the DRC. These
findings suggest further surveys in other settings of
DRC and a regular surveillance of these non-falcipa-
rum sp prevalence.
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