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Figure 1. Dzanga Sangha region, Central African Republic
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for qualitative variables (respectively using Yates correction
for cell counts below 10, checking Cochran conditions and
Fisher’s exact test). Cohen'’s kappa and Scott's pi coefficients
inte-rater reliability were used to assess the compliance of
RDT and PCR methods. In all calculations, the level of
significance was set at p=0.05.

RESULTS

The study involved 540 BaAka Pygmies (328 females and 212
males) presenting with clinical signs of malaria; P. falciparum-
specific RDTs were positive in 40.5% of the subjects. PCR tests
performed on the same blood samples confirmed P. falciparum
infections in 94.8% of the study group; in addition, PCR tests
revealed infections with species other than P. falciparum (Pf),
i.e. P. malariae (Pm), P. ovale (Po) and P. vivax (Pv), which
were not detected by RDTs targeting solely HRP2-protein
specific for P. falciparum (Tab. 1).

Table 1. Detection rates of Plasmodium species by RDTs and PCR in the
group of BaAka Pygmies with clinical symptoms of malaria (n=540)

Method

Plasmodium species CareStart Malaria Pf /HRP2/Ag test Molecular biology (PCR)

P. falciparum 40.5% 94.8%
P. vivax 0% 0.7%
P.ovale 0% 9.8%
P. malariae 0% 11.1%

The test results were not consistent between the methods
used (RDTs and PCR). Cohen’s kappa coeflicient inter-rater
reliability (0.03/0.02) was close to zero, i.e. at the random
level. In turn, Scott’s pi coeflicient inter-rater reliability
(-0.34/-0.28) took a negative value, i.e. lower than at the
random level (Tab. 2).

Table 2. Comparison of RDTs and PCR results in BaAka Pygmies with
clinical symptoms of malaria (n=540)

Coefficient inter-rater

Females (n=328) Males (n=212) Total (n=540)

reliability
Cohen'’s kappa 0.03 0.02 0.03
Scott’s pi -0.34 -0.28 -0.31

Table 3 presents the demographic data (age, gender, body
weight) of the BaAka Pygmies tested with RDTs, including
their body temperature and of the time between symptoms
onset and medical consultation. The majority of subjects
with positive tests results were individuals <5 years old,
with body temperature <38.0°C, and symptoms lasting for
up to seven days.

Patients with positive results of the RDTs were more likely
to present with fever, fatigue, and shivers (Tab. 4).

The majority of patients with positive results of the PCR
tests (as in the case of positive RDTs) were aged <5 years old,
with body temperature <38.0°C, and symptoms lasting for
up to seven days (Tab. 5).

BaAka Pygmies with positive PCR test results were more
likely to present with fever, shivers, and fatigue (Tab. 6).

Table 3. Demographic and clinical data of BaAka Pygmies tested with
RDTs (n=540)

Demographic and clinical ROT (,_) RDT (,+) Total

data negative positive (n=540) P-value
(n=321) (n=219)

gender 0.0070’

female 210 (65.4%) 118(53.9%) 328 (60.7%)

male 111(34.6%) 101 (46.1%) 212 (39.3%)

age (years) 0.00012

<5 81 (25.2%) 142 (64.8%) 223 (41.3%)

5-18 58 (18.1%) 33(15.1%) 91 (16.9%)

>18 182 (56.7%) 44 (20.1%) 226 (41.9%)

body weight (kg) 0.00012

<10 58(18.1%) 96 (43.8%) 154 (28.5%)

10-40 154 (48.0%) 98 (44.7%) 252 (46.7%)

>40 109 (34.0%) 25(11.4%) 134 (24.8%)

body temperature (°C) 0.00012

<38.0 209 (65.1%)  110(50,2%) 319 (59.1%)

38.0-39.0 84 (26.2%) 52(23.7%) 136 (25.2%)

>39.0 28 (8.7%) 57 (26.0%) 85 (15.7%)

duration symptoms (days) 0.00012

1-7 244 (76.0%)  198(90.4%) 442 (81.9%)

8-28 35(10.9%) 8(3.7%) 43 (8.0%)

>28 42(13.1%) 13 (5.9%) 55(10.2%)

'Chi-square, 2U Mann-Whitney

Table 4. BaAka Pygmies with clinical symptoms of malaria tested with
RDTs (n=540)

Symptoms of malaria RDT (-) negative RDT (+) positive Total Pvalue
(n=321) (n=219) (n=540)

fever 231 (72.0%) 182 (83.1%) 413 (76.5%) 0.0027'
shivers 228 (71.0%) 96 (43.8%) 324 (60.0%) 0.0001"
headache 141 (43.9%) 41 (18.7%) 182 (33.7%) 0.0001'
dizziness 50 (15.6%) 16 (7.3%) 66 (12.2%) 0.0040'
generalized pain 172 (53.6%) 60 (27.4%) 232(43.0%) 0.0001"
arthralgia and myalgia 174 (54.2%) 47 (21.5%) 221 (40.9%) 0.0001"
weakness 154 (48.0%) 113 (51.6%) 267 (49.4%) 0.4083'
vomiting 72 (22.4%) 77 (35.2%) 149 (27.6%) 0.0012'
diarrhea 78 (24.3%) 87 (39.7%) 165 (30.6%) 0.0001'
abdominal pain 87 (27.1%) 41 (18.7%) 128 (23.7%) 0.0245'
loss of appetite 87 (27.1%) 70 (32.0%) 157 (29.1%) 0.2220'
'Chi-square

DISCUSSION

According to the WHO data, Plasmodium falciparum is
responsible for 99.7% of all malaria cases in sub-Saharan
Africa [1] and as much as 100% of malaria cases in the CAR
[3]. The results of the present research suggest that role of
infections with Plasmodium other than falciparum should
not be neglected. In 2018, the WHO reported 1,367,986
suspected malaria cases in the CAR, of which 972,119
(71.1%) were confirmed as Plasmodium falciparum malaria.
Infections caused by Plasmodium other than falciparum
or mixed infections were not found [1]. The WHO reports
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Table 6. BaAka Pygmies with clinical symptoms of malaria tested with
PCR (n=540)

PCR Pf/Pv/Po/Pm (-) PCR Pf/Pv/Po/Pm (+)

Symptoms of malaria negative (n=24) positive (n=516) P-value
fever 17 (70.8%) 396 (76.7%) 0.5045"
shivers 16 (66.7%) 308 (59.7%) 0.4952"
headache 8(33.3%) 174 (33.7%) 0.9687"
dizziness 2 (8.3%) 64 (12.4%) 0.5518’
generalized pain 10 (41.7%) 222 (43.0%) 0.8956'
arthralgia and myalgia 11 (45.8%) 210 (40.7%) 0.6169'
weakness 13 (54.2%) 254 (49.2%) 0.6360'
vomiting 3(12.5%) 146 (28.3%) 0.0906'
diarrhea 7 (29.2%) 158 (30.6%) 0.8799'
abdominal pain 5(20.8%) 123 (23.8%) 0.7352'
loss of appetite 12 (50.0%) 145 (28.1%) 0.0209'

'Chi-square

that samples were examined by light microscopy or RDTs.
A total of 117,267 malaria cases were not confirmed by any
diagnostic method [1]. If, however, the molecular biology
PCR methods had been used, the results could have been
surprising. The Plasmodium species identification has great
significance for the public health sector. Malaria, as one of the
most common and devastating disease in the CAR, needs to
be treated according to algorithms based on research showing
the participation of other than P. falciparum disease etiology.
This is crucial for the proper diagnostics and treatment that
may lead in the future to the eradication of malaria. This
research sheds new light on malaria etiology in the CAR,
causes of treatment fail, and growing drug resistance. Study
in this field should be continued in the nearest future.

Data on the prevalence of different species of malaria
in the CAR is insufficient to define the epidemiological
situation in the country. Decades of conflicts and political
resulted in the disruption of malaria research, the retrieval
of medical data from the rural regions, and worsened access
to health facilities. The CAR is considered a country with
a high malaria-transmission rate, estimated at >1 case per
1,000 citizens. The malaria epidemiology presented in the
national strategy against malaria in 2016 [7] indicated that
malaria was the cause of 59% of all consultations in general
population in 2013, of which 52% were children under the age
of 5 years. Of all deaths recorded in in-patient departments,
34% were attributed to malaria.

The results of studies conducted in Africa have also
indicated that the rates of infections with other Plasmodium
species are higher than those suggested by the WHO. In the
absence of data from CAR, a more accurate assessment of
malaria epidemiology in the country could be obtained by
analyzing the data gathered in neighbouring countries with
similar climate conditions, in Cameroon and the Republic of
Congo. The overall malaria prevalence in Cameroon is 29%
[8]. In the group of children aged six months up to 5-years-
old, malaria was reported in 30% in 2011, but there were
important differences within urban and rural zones with
malaria prevalence at the level 20.6% and 37.1%, respectively
[9]. The eastern region of Cameroon, i.e. the area with the
largest CAR refugee population (due to recurrent ethnic
and political conflicts) is considered the main cause of high
malaria transmission in Cameroon [10], suggesting a higher

malaria prevalence rate in the much poorer CAR. Studies
conducted in Cameroon using molecular biology methods
confirmed the presence of four species of Plasmodium:
P. falciparum, P. vivax, P. ovale and P. malariae [10-13],
with a definite predominance of P. falciparum, responsible
for 95% of infections [10]. P. vivax was found in 5.6%
patients (38.6% of all PCR positive samples) [12], P. ovale
and P. malariae were found predominantly in a very low
percentage as a co-infection [14]. These results were consistent
with results obtained by in the current study. Another study
on the prevalence of malaria in the neighbouring region was
carried out by Tsumori et al. [15] in the Republic of Congo,
adjoining to the north with the CAR. The study demonstrated
that malaria infection rates were found differ between the
methods used. Microscopic examination revealed that 37% of
the subjects living in urban areas were infected with malaria,
whereas PCR tests were positive in 42% of the sample. In the
group from rural areas, RDTs were positive in 59% cases
and PCR tests in 72% of the subjects [16]. Studies conducted
in the Republic of Congo indicate that P. falciparum was
responsible for the vast majority of malaria cases in the
region [15,17,18], although cases caused by P. vivax [20],
P. ovale and P. malariae were also reported and should not
be neglected [15].

According to the results of the present study conducted
in Dzanga Sangha, P. falciparum was found in 94.8% of all
malaria cases; however, the percentage distribution of other
Plasmodium species was higher (P. malariae 11.1%, P. ovale
9.8%, P. vivax 0.7%) than the 0.3% reported in the 2019
WHO report. This fact is important in the context of the
treatment of malaria patients and highlights the necessity to
introduce more accurate diagnostic method, and to revise
malaria treatment protocols (introduction of a drug regimen
targeting the latent forms the CAR, PCR does not play a
role, but in the context of the epidemiological studies its
role is crucial. The PCR was essential for establishing the
presence of the different Plasmodium species, and was a
comparative method for RDTs false-negative sensitivity,
and for attempting to discoover the factors responsible for it.

Until 2010, patients with suspected malaria were
administered the recommended treatment but were rarely
offered diagnostic tests, which was largely due to limited
testing capabilities in the region. Since 2010, however,
owing to the WHO suppor, and its recommendations for
pre-treatment diagnosis of malaria in every symptomatic
patient, RDTs and microscopic examinations have become
more common [21]. RDTs in particular are now widely used
in the region, and globally their sales increased from 46
million in 2008 to 320 million in 2013 [4].

In the rural areas of Africa, such as Dzanga Sangha in
the south-western parts of the CAR, RDTs are often the
only available diagnostic method for malaria detection.
Unfortunately, the number of RDTs distributed by non-
governmental organizations (NGOs), as part of the global
malaria programme is often insufficient. The author’s (EB-S)
observations made during the study period have led to the
conclusion that malaria diagnosis and treatment protocols
applicable in the CAR leave much to be desired. As an
example, a vast majority of medical interventions in the
Dzanga Sangha region are performed by people without a
medical background, and the use of expired medications
and RDTs or random drug use is common. Additionally,
medications and RDTs are rarely stored properly and alarge
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