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Abstract 

Background: Clinical presentations of malaria in Ghana are primarily caused by infections containing microscopic 
densities of Plasmodium falciparum, with a minor contribution from Plasmodium malariae and Plasmodium ovale. 
However, infections containing submicroscopic parasite densities can result in clinical disease. In this study, we used 
PCR to determine the prevalence of three human malaria parasite species harboured by suspected malaria patients 
attending healthcare facilities across the country.

Methods: Archived dried blood spots on filter paper that had been prepared from whole blood collected from 5260 
patients with suspected malaria attending healthcare facilities across the country in 2018 were used as experimental 
material. Plasmodium species‑specific PCR was performed on DNA extracted from the dried blood spots. Demo‑
graphic data and microscopy data for the subset of samples tested were available from the original study on these 
specimens.

Results: The overall frequency of P. falciparum, P. malariae and P. ovale detected by PCR was 74.9, 1.4 and 0.9%, 
respectively. Of the suspected symptomatic P. falciparum malaria cases, 33.5% contained submicroscopic densities 
of parasites. For all regions, molecular diagnosis of P. falciparum, P. malariae and P. ovale was significantly higher than 
diagnosis using microscopy: up to 98.7% (75/76) of P. malariae and 97.8% (45/46) of P. ovale infections detected by 
PCR were missed by microscopy.

Conclusion: Plasmodium malariae and P. ovale contributed to clinical malaria infections, with children aged between 
5 and 15 years harbouring a higher frequency of P. falciparum and P. ovale, whilst P. malariae was more predominant 
in individuals aged between 10 and 20 years. More sensitive point‑of‑care tools are needed to detect the presence of 
low‑density (submicroscopic) Plasmodium infections, which may be responsible for symptomatic infections.

Keywords: Symptomatic Malaria, Plasmodium falciparum, Plasmodium malariae, Plasmodium ovale, Malaria 
prevalence, Ghana
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Background
Plasmodium  species that infect humans include  Plas‑
modium malariae, Plasmodium ovale, Plasmodium 
vivax, Plasmodium knowlesi, and Plasmodium falcipa‑
rum; of these  P. falciparum is responsible for most of 
the malaria cases in Ghana [1, 2]. In Ghana, low-level 
infections caused by P. malariae and P. ovale have been 
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reported, but these species are predominantly present 
as mixed infections with P. falciparum [3, 4] and also as 
low-density infections.

Infections with all human  Plasmodium  parasites 
can result in various presentations of disease, with the 
uncomplicated and asymptomatic presentations being 
the most predominant manifestations of parasite infec-
tion. Uncomplicated malaria often presents with fever, 
chills, profuse sweating, headache, vomiting and diar-
rhoea [2], whilst asymptomatic infections are devoid 
of apparent physical symptoms of the disease. Some 
infections, however, do result in severe disease, whose 
presentations include severe anaemia and end-organ 
damage such as cerebral malaria, pulmonary complica-
tions and hypoglycaemia [5].

Microscopy is the gold standard for Plasmodium par-
asite detection, especially for clinical cases of malaria 
as these usually contain high densities of parasites [6, 
7]. Microscopy can provide an estimate of malaria par-
asite density from thick blood smears and information 
on the various parasite species present in an infection 
from a thin blood smear. The downside to microscopy 
is that it requires experts to prepare and stain the blood 
smear as well as electricity and a microscope, in addi-
tion to an expert malaria microscopist to read and 
grade the smear.

Accurate estimation of the density of the infecting par-
asites and accurate identification of the infecting parasite 
species are two properties of infection that are essential 
to the proper management of malaria, including pro-
viding information on the appropriate drug treatment 
[8, 9]. In malaria endemic areas where P. falciparum is 
predominant and widespread, P. malariae, and P. ovale 
infections are usually underdiagnosed, with almost all 
clinical malaria cases attributed to P. falciparum infec-
tion [10, 11]. Some factors that have been associated with 
underdiagnosing non-falciparum malaria by microscopy 
in P. falciparum malaria  endemic countries include: (i) 
the very low parasitaemia of P. malariae and P. ovale; 
and (ii) the lack of highly skilled microscopists who can 
distinguish the different  Plasmodium  species [12–14]. 
Molecular tools, including various forms of nucleic acid 
amplification tests, such as conventional and real-time 
PCR, can provide accurate estimates of parasite density 
and accurate identification of the infecting parasite spe-
cies. PCR methodology is not a point-of-care diagnostic 
tool and is typically reserved for research in malaria-
endemic countries; however, it is regarded as the new 
gold standard in cases of low parasitemia and mixed-spe-
cies infections [5]. The sensitivity and selectivity of PCR 
methods are superior to those of microscopy and rapid 
diagnostic tests, with the detection limit of nested PCR 
set at as low as 0.2 parasite/µl [15].

Ghana is a malaria mesoendemic country which still 
has some facilities to confirm the suspicion of malaria in 
patients suspected of having this disease (symptomatic 
individuals) with microscopy. The aim of this study was 
to use PCR to determine the frequency and distribution 
of the three common malaria parasite species in patients 
with suspected malaria who were seeking treatment in 
100 different healthcare facilities across Ghana in 2018.

Methods
Study population
Convenience sampling was used to select between 292 
and 600 archived dried blood spots on filter paper from 
a pool of about 2000 such samples that had been col-
lected in the original study from patients with suspected 
malaria attending clinics in the 10 regions of Ghana. The 
adoption of convenience sampling limited the data for 
analysis to the selected samples, with the inherent possi-
bility of under-/over-representation of the original study 
population. The selection criterion for the samples was 
any dried blood spot on filter paper for which there was 
sufficient material to punch out two 3-mm-radius spots 
for analysis. The samples used originated from samples 
taken from 5260 individuals who had been recruited 
as part of a larger study that enrolled 19,787 patients 
with suspected symptomatic malaria. Patients for this 
larger study were recruited from 100 healthcare facili-
ties (10 from each of the then 10 regions of the country). 
Study participants ranged in age from 1 to 94 years. The 
demographics of the larger study population have been 
reported previously [16, 17].

Study site
This cross-sectional study was conducted in the 10 
regions of Ghana as of 2018: Greater Accra Region 
(GAR), Central Region (CR), Ashanti Region (AR), West-
ern Region (WR), Eastern Region (ER), Brong-Ahafo 
Region (BAR), Volta Region (VR), Northern Region 
(NR), Upper East Region (UER) and Upper West Region 
(UWR). Ten healthare facilities were randomly selected 
in each of the 10 regions of Ghana [16, 17].

Sample collection and processing
The samples used in this study were collected between 
May and August 2018 as described earlier [16, 17]. 
Demographic data were obtained from each consenting 
participant, and about 2 ml of venous blood was collected 
into an EDTA-vacutainer® tube. Thick and thin blood 
smears were prepared and processed for malaria parasite 
identification and quantification as previously described 
[2]. Dried blood spots on filter paper were prepared by 
spotting four 50-µl drops of the venous blood onto a 
Whatman® No. 3 filter paper (Whatman plc, Maidstone, 
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UK), following which the blood spots were air-dried 
and stored individually in zip-lock bags containing silica 
gels. Packed cells were then isolated from the remaining 
venous blood and stored in a 1.5-ml Eppendorf tube at − 
20 °C for future use [16].

Microscopy
Each thick and thin blood smear obtained from the origi-
nal study was read by two independent WHO-certified 
malaria microscopists; any disagreement on smear read-
ings was resolved by re-examination and assessment by a 
third microscopist. The assessment by the third micros-
copists was considered to be the final decision [16, 17].

DNA extraction
Genomic DNA was extracted from the dry blood spots 
(DBS) using the Chelex extraction method [18, 19] with 
few modifications. Each punched-out DBS was placed 
into a sterile 1.5-ml microfuge tube containing 1  ml of 
1× phosphate-buffered saline (PBS) supplemented with 
Tween-20 solution (0.5% PBST). The tubes were incu-
bated overnight at room temperature with intermittent 
shaking, then centrifuged for 2  min at 21,000 g and the 
reddish supernatant decanted. The DBS punches were 
then washed in ice-cold PBS at 4  °C for 30 min and the 
supernatant again discarded. Finally, 50 μl of freshly pre-
pared 20% Chelex-100 in distilled water and 100  μl of 
distilled water were added to each tube. The tubes were 
then heated at 95 °C for 10 min, with repeated vortexing 
at 2-min intervals. The tubes containing the extracted 
DNA were finally centrifuged at 21,000 g for 8 min, and 
the supernatant containing the DNA was transferred into 
a new sterile tube and stored at – 20 °C until use.

Nested PCR
Plasmodium species (P. falciparum, P. malariae, and P. ovale) 
identification
The  18S  ribosomal RNA gene, a conserved region in  P. 
falciparum, P. malariae  and  P. ovale, was amplified 
using nested PCR from genomic DNA using a protocol 
described previously [2], with minor modifications. In the 
primary reaction (nest 1), 250  nM of the genus-specific 
primers rPLU1 (forward) and rPLU5 (reverse) were used 
in a total reaction volume of 10  μl consisting of of 2  μl 
DNA template, 1× PCR buffer, 200 nM dNTPs, 700 nM 
MgCl2 and 1 U of OneTaq DNA polymerase. In the sec-
ondary reaction (nest 2), the species-specific primers 
rFAL1/rFAL2 (200  nM), rMAL1/ rMAL2 (200  nM) and 
rOVA1/rOVA2 (200  nM) were used in separate 10-μl 
reactions using 0.5  μl of the primary reaction prod-
uct as a template for the identification of P. falciparum, 
P. malariae  and  P. ovale,  respectively. The primary and 
secondary reactions were run at an initial denaturation 

temperature of 94  °C for 2  min; this was followed by a 
second denaturation at 94 °C for 30 s, primer annealing at 
55 °C (for initial reaction) and 58 °C (for the second reac-
tion), both for 30 s, and extension at 68 °C for 1 min 30 s 
for nest 1, 30 s for nest 2 (P. falciparum, P. malariae) and 
1 min for P. ovale (nest 2); and a final extension at 68 °C 
for 5  min. Positive control samples used for this study 
included known  P. falciparum  and  P. ovale  or  P. malar‑
iae DNA samples that had been obtained as part of the 
Distribution 4881 of the WHO Malaria NAAT EQA pro-
gramme; ultra-pure water was used as a negative control. 
The nest 2 PCR products were resolved in a 2% agarose 
gel pre-stained with ethidium bromide. The gels were 
subsequently visualised using the UV settings on the Vil-
ber gel documentation system (Vilber, Collégien, France).

Statistical analysis
All data acquired during this study were entered into 
Microsoft Excel (Microsoft Corp., Redmond, WA, USA), 
and the statistical analyses were performed with Graph-
Pad Prism software, version 8.4.3 (GraphPad Software, 
San Diego, CA, USA). The data were grouped according 
to regions, diagnostic tests, gender and age categories. 
The frequency of malaria species was determined using 
simple counts and proportions. The associations between 
frequency of species and explanatory variables were 
determined using chi-square statistics. Statistical signifi-
cance was set at P < 0.05.

Results
Demographic characteristics of study subjects
The distribution of three different Plasmodium species 
in the 10 regions of the country was assessed in all dried 
blood spot punches from 5260 study subjects with sus-
pected malaria. The mean age ± standard error of the 
mean of these subjects in the study year (2018) ranged 
from 14.2 ± 0.7 (95% confidence interval [CI]: 12.8–15.5) 
in the Brong Ahafo region to 27.2 ± 0.9 (95% CI: 25.5–
29.0) in the Upper West region of Ghana. Female partici-
pants slightly outnumbered male ones across all regions; 
the Central region had the highest proportion of female 
participants (62.9%) (Table 1).

Regional distribution of Plasmodium species among study 
subjects
Microscopy
The frequency of  P. falciparum  detected by microscopy 
in the subset of samples used in this study was 2284/4937 
(46.3%), with the highest frequency identified in the 
Ashanti region 412/476 (86.6%) and the lowest detected 
in the Eastern region 41/292 (14.0%) (Table  1). Micros-
copy identified one P. malariae and one P. ovale infection, 
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which were both observed in the Ashanti region. A few 
samples (323/5260, 6.1%) were missing microscopy data.

PCR
Overall, PCR detected P. falciparum in 3942 of the 5260 
(74.9%) individuals sampled, with the highest frequency 
identified in the Ashanti region (497/519, 95.8%) and 
lowest detected in the Upper West region (304/655, 
46.4%) (Fig.  1a; Table  1). There was a significant differ-
ence in the frequency of P. falciparum detected by PCR 
compared to microscopy in all the regions of Ghana 
(χ2 = 215.24, df = 1, P < 0.0001) (Table 2).

The overall frequency of non-falciparum  malaria (P. 
malariae  and  P. ovale) detected by PCR was 122/5260 
(2.3%), with  P. malariae  accounting for 76 of the 
122 (62.3%) samples PCR-positive for non-falcipa‑
rum malaria. The frequency of P. malariae was highest in 
the Ashanti region (15/519, 3.0%) and lowest in the West-
ern region (6/484, 1.2%), with no  P. malariae  infection 

detected in the Greater Accra region. The frequency of P. 
ovale ranged from 2/655 (0.3%) in the Upper West region 
to 13/563 (2.3%) in the Brong Ahafo region (Fig. 1b).

Mixed species infections The majority (109/122, 89.3%) 
of the non-falciparum malaria infections detected by PCR 
were detected as mixed infections. The overall frequency 
of  P. falciparum–P. malariae  (PfPm),  P. falciparum–P. 
ovale  (PfPo),  P. malariae–P. ovale (PmPo)  and  P. falci‑
parum–P. malariae–P. ovale  (PfPmPo) mixed infections 
were 64/109 (58.7%), 42/109 (38.5%), 1/109 (0.9%) and 
2/109 (1.8%) respectively.

The only case of infection that contained all three par-
asite species was observed in the Ashanti region, and 
the only case of PmPo mixed infection was observed in 
the Western region of Ghana. The highest frequency 
of PfPo infection was observed in the Brong Ahafo region 
(13/42, 31%) and the lowest in the Western region (1/42, 
2.4%). The frequency of PfPm mixed infection was high 

Fig. 1 The prevalence of Plasmodium falciparum and non‑falciparum parasites in 10 regions of Ghana. a Regional prevalence of P. 
falciparum detected by PCR in Ghana. b Prevalence of non‑falciparum malaria (Plasmodium malariae and Plasmodium ovale) detected by PCR across 
the 10 regions of Ghana. c Bar graph showing the prevalence of mixed Plasmodium infections in Ghana. Abbreviations (a, b): AR, Ashanti region; 
BAR, Brong Ahafo region; CR, Central region; ER, Eastern region; GAR, Greater Accra region; NR, Northern region; UER, Upper East region; UWR, Upper 
West region; VR, Volta region; WR, Western region. Abbreviations (c): Pf, Plasmodium falciparum; Pm, Plasmodium malariae; Po, Plasmodium ovale 
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in the Volta (13/64, 20.3%), Ashanti (12/64, 18.8%), 
Brong Ahafo (12/64, 18.8%), Central (10/64 (15.6%) and 
Northern (8/64, 12.5%) regions. The mean frequency of 
PfPm mixed infections and PmPo mixed infections across 
the 10 regions of Ghana were 6.4 ± 1.6 and 4.20 ± 1.2, 
respectively (Fig.  1c). There was a significant difference 
in  P. malariae  and  P. ovale  malaria diagnosis by PCR 
compared to microscopic diagnosis in the Ashanti (χ2 = 
11.27, df = 1, P = 0.0008 and χ2 = 7.6, df = 1, P  = 0.0058, 
respectively) and Brong Ahafo (χ2 = 15.2, df = 1,  P < 
0.0001 and χ2 = 13.15, df = 1, P = 0.0003, respectively) 
regions, where these parasites were identified (Table 2).

Submicroscopic infections (PCR‑positive but  micros‑
copy‑negative) The PCR estimates of P. falciparum (χ2 = 
258.6, df = 1, P < 0.0001), P. malariae (χ2 = 709.4, df = 1, 
P < 0.0001) and  P. ovale (χ2 = 424.5, df = 1, P < 0.0001) 
were significantly higher than the microscopy estimates 
across all the regions. A total of 33.8% (1776/5260) of the 
symptomatic P. falciparum malaria infections were sub-
microscopic. The Ashanti region contributed the least to 
the overall number of individuals with submicroscopic 
infections (85/1776, 17.1%).

The majority (75/120, 63.3%) of submicroscopic 
non-falciparum  infections were caused by  P. malar‑
iae  (Table  1). Submicroscopic infections accounted for 
100% of the non-falciparum  infections detected in all 
regions except for the Ashanti region where submi-
croscopic  P. malariae  and  P. ovale  accounted for 14/15 
(93.3%) and 10/11 (90.9%), respectively, of the total 
non-falciparum  infections identified in those regions 
(Table 1).

Distribution of malaria parasite frequency by PCR in the 10 
regions of Ghana by age and gender
The overall frequency of P. falciparum detected by PCR 
(Pf-PCR) among the age categories 0–4, 5–9, 10–15, 
16–20 and > 20  years were 719/867 (82.9%), 987/1145 
(86.2%), 591/700 (84.4%), 430/547 (78.6%) and 1135/1862 
(61%), respectively. The Greater Accra and Eastern 
regions had the lowest Pf-PCR positivity rate among indi-
viduals aged 0–4  years (26/719, 3.6% and 23/719, 3.2%, 
respectively). The highest Pf-PCR positivity rate in indi-
viduals aged 0–4 years was identified in the Brong Ahafo 
region (150/719, 20.9%). There was a significantly lower 
frequency of malaria in individuals aged 10–15 years 
and 16–20 years compared to individuals aged 0–4 years 
(χ2 = 5.185, df = 1, P = 0.0228 and χ2 = 81.13, df = 1, 
P < 0.0001, respectively). However, individuals aged 
between 5 and 9 years had a higher frequency of malaria 

compared to individuals aged 0–4 years (χ2 = 20.48, df = 
1, P < 0.0001 (Fig. 2a).

The overall frequency of  P. malariae  among the age 
group 10–15 years was 2.9% (20/700), with individu-
als from the Brong Ahafo region contributing the most 
in absolute numbers (6/20, 30%) within this age group. 
A total of 9.0% (6/67) of individuals in the age group 
10–15 years from the Brong Ahafo region were infected 
with  P. malariae. The frequency of  P. malariae  in 
individuals belonging to the age groups  16–20  years 
and > 20  years were highest in the Ashanti and Brong 
Ahafo regions (Fig. 2b).

A total of nine individuals aged 0–4  years were 
infected with P. ovale, with individuals from the Brong 
Ahafo region contributing the most (4/9, 44.4%) within 
this age group. In the Ashanti region, of the 88 individ-
uals infected with P. ovale, three (3.4%) were aged 0–4 
years.

A total of 13 individuals in the age group 10–15 years 
were infected with  P. ovale, with individuals from the 
Brong Ahafo Region contributing the most (4/13, 
30.8%) within this age group. Of the 86 individuals 
from the Ashanti Region aged between 10 and 15 years, 
four (4.7%) were infected with P. ovale (Fig. 2c).

Overall, there was a significant difference (χ2 = 
33.702, df = 1, P < 0.0001) in the frequency of P. falci‑
parum  infections in male subjects (1667/2100, 79.4%) 
compared to female subjects (2195/3021, 72.7%). Male 
subjects had a relatively higher frequency of P. falcipa‑
rum  infections compared to their female counterparts 
across all the regions, with the exception of the East-
ern region where PCR identified 80.7% (n = 134) of the 
overall female participants and 79.5% (n = 97) of the 
overall total male participants to be infected with  P. 
falciparum.

Plasmodium malariae  detected by PCR was identi-
fied in 46/3021 (1.5%) and 30/2100 (1.4%) of the female 
and male participants, respectively. The frequency of P. 
malariae  was significantly higher (χ2 = 42.039, df = 
1, P < 0.0001) among female participants than among 
male participants in all regions, except for the Eastern 
and Volta regions (Fig. 3b).

Overall, P. ovale was identified in 29/3021 (1.0%) and 
17/2100 (0.8%) of female and male participants, respec-
tively. Infections containing  P. ovale  were detected 
in only four regions. The frequency of  P. ovale  in the 
Ashanti region was similar between male (5/222, 2.3%) 
and female (6/286 (2.1%) participants. In the Brong 
Ahafo  region, P. ovale  was more prevalent in female 
(10/319, 3.1%) than males (3/241, 1.2%) participants. In 
the Eastern region, P. ovale was identified in 2/166 (1%) 
female subjects; in the Upper West region, 4/171 (2.3%) 
male subjects were identified with P. ovale (Fig. 3c).
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Discussion
Globally, recent years has seen a substantial reduction 
in clinical malaria incidence, morbidity and mortality 
[20, 21]. However, this achievement could be hindered 
by the presence of submicroscopic densities of  Plasmo‑
dium,  especially those that result in clinical disease. In 
Ghana, three main  Plasmodium  species cause malaria, 
namely P. falciparum, P. malariae and P. ovale [3, 22], and 
the main diagnostic tools used to identify malaria among 
symptomatic malaria patients are microscopy and HRP2 
(histidine-rich protein 2)-based malaria RDT (rapid diag-
nostic test) kits. Our previous molecular studies on the 
composition of  Plasmodium infections, including our 
study on school children in the Central region of Ghana 
and the community-based study in the Eastern region, 
focused predominantly on asymptomatic individuals [3, 
22]. In the present study, we used PCR to determine the 

frequency of  Plasmodium  infections amongst suspected 
symptomatic malaria patients and identified patients 
with suspected malaria whose infection was missed by 
the routine point-of-care tool due to low parasite den-
sities and also to HRP2 deletions since many RDTs are 
HRP2-based tests.

Although there has been a substantial reduction in 
malaria prevalence and mortality, there are reports of a 
high malaria burden in older children [23]. The present 
study identified a high frequency of P. falciparum and P. 
ovale in individuals aged between 5 and 15 years and an 
increased frequency of P. malariae in individuals aged 
between 10 and 20 years. The shift in malaria prevalence 
from younger children to older children could be due to 
the implementation of numerous malaria control inter-
ventions that have targeted vulnerable populations [24, 
25]. In the present study, children aged < 5 years, an age 
group known to be the most risk of developing malaria 

Fig. 2 Regional distribution of Plasmodium species among age‑stratified categories (< 5, 5–9, 10–15, 16–20 and > 20 years). a Regional 
distribution of P. falciparum in percentage across the age categories among the study subjects. b Regional distribution of P. malariae in percentage 
across the age categories among the study subjects. c Regional distribution of P. ovale in percentage across the age categories among the study 
subjects
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[26, 27], did not have the highest frequency of malaria 
parasites. This finding suggests that the malaria control 
interventions which have been implemented for chil-
dren aged < 5 years old are very effective and should be 
scaled up to include the entire population, starting with 
children aged 5–10  years who presented with the high-
est frequency of PCR-detectable malaria parasites in the 
present study. The results of this study also showed that 
the frequencies of P. malariae and P. ovale causing symp-
tomatic disease are very similar to those reported previ-
ously from other countries in sub-Saharan Africa, where 
0.2–4.8% P. ovale malaria cases and 0.3–2.8% of P. malar‑
iae  malaria cases were associated with symptomatic 
malaria [14, 28–33].

While malaria affects both males and females [34, 
35], gender was identified as a factor that influenced 
the vulnerability to malaria infection. The present study 
showed that males were significantly more likely to har-
bour a P. falciparum infection than female subjects, 
which could be the result of differences in exposure 
patterns between males and females. Males between 

the age of 5 and 15  years were more likely to have a 
greater risk of exposure to mosquito bites as they may 
stay longer outside without protection and be less likely 
to sleep under insecticide-treated bed nets [36]. From 
a public health perspective, the 7% difference in P. fal‑
ciparum  frequency between males and females may 
not influence the implementation of malaria control 
measures between males and females. However, it is 
worth noting as malaria parasite frequency in malaria-
endemic communities is dynamic.

The frequency of P. malariae  frequency identified in 
this study is similar to that reported previously from 
two regions of Ghana [37, 38]. Although the frequency 
of P. malariae was low, a large number of samples ana-
lysed provides the high statistical power to conclude 
the outcomes. The increased vulnerability of females to 
P. malariae is unknown; however, a similar observation 
was identified among females living in Orissa [37]. One 
possible explanation is that P. malariae is spread by 
indoor biting vectors and females have a higher expo-
sure to indoor biting vectors [38, 39].

Fig. 3 The distribution of Plasmodium species in male and female study participants in the 10 regions of Ghana. a Prevalence of P. 
falciparum infection among the male and female study subjects across the 10 regions of Ghana. b Pevalence of P. malariae infection among the 
male and female study subjects across the 10 regions of Ghana. c Prevalence of P. ovale infection among the male and female study subjects across 
the 10 regions of Ghana
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Point-of-care tools, including microscopy and malaria 
RDT kits, are required for malaria diagnosis to ensure 
that rapid and effective treatment can be provided. How-
ever, the sensitivity of these tools reduces significantly 
with decreasing parasite density of the infection [40]. 
The nested PCR assay used in this study identified a large 
proportion of malaria infections that were not detected 
by either or both microscopy and the malaria RDT and 
which remained either misdiagnosed or undiagnosed, 
similar to the previous reports from Cameroon [3, 40]. 
Submicroscopic malaria parasites among febrile patients 
have been enumerated; however, due to overlapping 
symptoms between malaria and other febrile diseases, 
highly sensitive POC diagnostic tests must be used for 
diagnosis [40]. Although submicroscopic malaria infec-
tions rarely cause clinical disease, in some cases severe 
and acute symptoms, such as mild anaemia, cough-
ing, vomiting and jaundice, may develop as the disease 
progresses without appropriate treatment [41]. Early 
detection of submicroscopic malaria parasites is very 
important as it ensures appropriate treatment and the 
accurate determination of the malaria reservoir size [42, 
43]. When submicroscopic malaria parasite infections are 
not detected and treated, they contribute to the main-
tenance of disease transmission as these infections fre-
quently harbour gametocytes [44, 45].

The use of convenience sampling to obtain the samples 
for this study resulted in a bias, which caused the overall 
frequency of Plasmodium infections detected by micros-
copy (46.3%) in the subset of suspected malaria patients 
used in this study to be higher than that reported in the 
original larger study (16%) [17]. However, the focus of 
this study was not on determining the overall parasite 
prevalence per se but rather on the regional distribution 
of the various  Plasmodium  species and on highlight-
ing the higher sensitivity of PCR at detecting malaria 
parasite infections, especially the non-falciparum  spe-
cies, amongst patients with suspected malaria attending 
healthcare facilities.

Conclusion
Plasmodium malariae and P. ovale as mono-infections 
resulted in symptomatic malaria cases. Plasmodium fal‑
ciparum and P. ovale were more commonly detected in 
children aged between 5 and 15  years, whilst  P. malar‑
iae  was more prevalent in individuals aged between 10 
and 20  years. Male subjects had a higher frequency of 
P. falciparum infection than female subjects, whilst P. 
malariae was more prevalent in female subjects. More 
sensitive point-of-care tools are needed to detect the 
presence of low-density (submicroscopic)  Plasmo‑
dium  infections, which can result in symptomatic infec-
tions (Additional file 1).
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