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Background. Niger’s National Malaria Control Programme and its partners use histidine-rich protein 2–based RDTs, which 
are specific to Plasmodium falciparum diagnosis. This study aimed to screen for the circulation of non-falciparum species in 
Zinder, a region of Niger, West Africa.

Methods. A cross-sectional study was carried out from July to December 2022 at the district hospital of the Zinder region of 
Niger. P falciparum histidine-rich protein 2–based rapid diagnostic tests were performed, and dried blood spot samples were 
collected for further laboratory multiplexed photo-induced electron transfer–polymerase chain reaction (PET-PCR) analysis on 
positive light microscopy from all patients with fever who attended the Zinder district hospital during the study period.

Results. In total, 340 dried blood spots were collected and analyzed by PET-PCR. Overall, 73.2% (95% CI, 68.2%–77.9%; 249/ 
340) were positive for Plasmodium genus and species and represented the study population. Plasmodium species proportions were 
89.5% (95% CI, 85.1%–93.1%; 223/249) for P falciparum, 38.5% (95% CI, 32.5%–44.9%; 96/249) for P malariae, 10.8% (95% CI, 
7.3%–15.4%; 27/249) for P vivax, and 1.6% (95% CI, .4%–4.1%; 4/249) for P ovale. Single infection with Plasmodium species 
counted for 61.8% (95% CI, 55.5%–67.9%; 154/249), and the mixed infections rate, with at least 2 Plasmodium species, was 
38.1% (95% CI, 32.1%–44.5%; 95/249). Single non-falciparum infections represented a rate of 10.0% (95% CI, 6.6%–14.5%; 25/249).

Conclusion. This study confirms the first evidence of Plasmodium vivax by PET-PCR in Niger in addition to the other 3 
Plasmodium species. These findings underline the need to adapt malaria diagnostic tools and therapeutic management, as well 
as the training of microscopists, for recognition of non-falciparum plasmodial species circulating in the country. This will better 
inform the strategies toward malaria control and elimination, as well as the decision making of the health authorities of Niger.
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In Niger, malaria is a major public health problem. In 2020, 
4 332 909 malaria cases were confirmed, causing 6098 deaths 
in the country’s health facilities [1]. Malaria is the leading cause 
of morbidity and mortality, accounting for >28% of all illnesses 
and 50% of all deaths recorded in the country. Niger is among 
the 6 African countries that together record >50% of malaria 
cases and deaths globally and 1 of the 11 countries to bear 
70% of the global malaria burden. The country accounts for 

3.3% of global malaria cases, 2.8% of global malaria deaths, 
and 6.7% of malaria cases in West Africa [2, 3]. Although ma
laria is endemic throughout Niger, the national health statistics 
reports show that the burden is disproportionately higher in the 
southern part of the country [1, 4].

Four Plasmodium species—P falciparum, P malariae, 
P vivax, and P ovale—are generally responsible for malaria in 
Africa, and P falciparum is, by far, the most widespread parasite 
in the World Health Organization (WHO) African Region, in
cluding Niger [5, 6]. Therefore, almost all malaria control and 
elimination efforts target P falciparum. Indeed, malaria diagno
sis in peripheral health facilities in Niger is based on the detec
tion of P falciparum via P falciparum histidine-rich protein 2 
(PfHRP2)–based rapid diagnosis tests (RDTs), which are spe
cific to P falciparum diagnosis [5]. Light microscopy, which is 
the gold standard for malaria diagnosis, is available in some 
health centers and hospitals. It relies on the experience of the 
technicians, and because of the preponderance of P falciparum, 
microscopists will be less accustomed to the detection of non- 
falciparum species. Therefore, several non-falciparum species 
could escape RDTs and light microscopy [7, 8].
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Several studies carried out in neighboring countries, 
such as Mali and Burkina Faso (to the west) and Nigeria 
and Benin (to the south), have confirmed the presence of 
non-falciparum species such as P malariae, P ovale, and 
P vivax in their territory [9–13]. A study carried out be
tween 2016 and 2018 in Magaria in the Zinder region of 
Niger reported proportions of parasitemia with mixed in
fections by light microscopy with P falciparum and P ovale 
(2.6%), P falciparum and P malariae (0.5%), as well as 
monoinfections by P ovale (1.3%) and P malariae (0.2%), 
confirming the presence of these non-falciparum plasmo
dial species in Niger territory except for P vivax, which 
was not yet reported [14].

Since RDTs and light microscopy could miss low-density in
fections and those due to non-falciparum species could be 
missed by light microscopy, these infections could go undiag
nosed and therefore untreated and may lead to severe cases 
and continued transmission.

Photo-induced electron transfer–polymerase chain reaction 
(PET-PCR) is a low-cost single PCR technique and an efficient 
tool for laboratory screening methods for malaria species. It has 
also demonstrated its ultrasensitivity as compared with RDTs 
and light microscopy for the rapid detection of P falciparum 
and non-falciparum species in the laboratory [15, 16]. Here, 
PET-PCR was used to determine the frequency of the main 
Plasmodium species (P falciparum, P malariae, P ovale, and P 
vivax) among febrile cases received in the health facilities in 
Niger.

MATERIALS AND METHODS

Study Region

The Zinder region is in the southeast of Niger, West Africa. It is 
bordered by the Agadez region to the north, the Diffa region to 
the east, the Maradi region to the west, and the Federal Republic 
of Nigeria to the south. It covers an area of 155 778 km2 and ex
tends in latitude between the parallels 12° 48′ and 17° 30′ north 
and in longitude between 7° 20′ and 12° 0′ east (Figure 1). The 
average temperature of the coldest month (January) is 22.3 °C 
(72.2 °F), and that of the warmest month (May) is 33.9 °C 
(92.9 °F). Precipitation amounts to 450 mm (17.7 in) per year. 
It ranges from 0 mm (0 in) in the driest months (January, 
February, November, December) to 185 mm (7.3 in) in the wet
test one (August) [17]. The population of Zinder was estimated 
in 2016 at 4 132 321 inhabitants, mainly composed of the follow
ing ethnic groups: Hausa, Kanuri, Tuareg, Fulani, Toubou, and 
Arab. The average growth rate is around 3.2%. Agriculture occu
pies >80% of the population, who utilize nearly 40% of the de
veloped land, which totals 2 937 616 ha. The irrigable potential 
represents some 18 000 ha [18, 19].

Study Type, Population, and Sample Collection

A cross-sectional study was carried out from July to December 
2022 at the district hospital of the city of Zinder. It covered the 
rainy season (July–September) of high malaria transmission 
and the post–rainy season (October–December) of low trans
mission at the study site. Patients with fever visiting the 
Zinder district hospital were recruited for the study. Patients 

Figure 1. Zinder region, Republic of Niger, West Africa (2024).
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presenting with severe malaria were not included in the study. 
For all patients, PfHRP2 RDTs (SD-BIOLINE Malaria P falcip
arum Ag Test/HRP-2; Standard Diagnostics, Inc) and thick and 
thin smears for light microscopy diagnosis were performed, 
and capillary blood was spotted on Whatman filter paper and 
dried at room temperature (dried blood spots) for further lab
oratory analysis [20–22].

Malaria Diagnosis

All patients (adults and children) were diagnosed at the Zinder 
health facility with the PfHRP2 RDTs and light microscopy for 
confirmation and determination of parasite density for positive 
samples. The limits of detection are 100 to 200 parasites/μL for 
the PfHRP2 RDTs, 20 to 100 parasites/μL for the light microsco
py, and <1 parasite/μL for the PCR. Furthermore, all the samples 
were analyzed by PET-PCR, which consists of using fluorogenic 
primers for the detection of the genus Plasmodium sp and plas
modial species by real-time PCR. Briefly, the multiplex 
PET-PCR assay consists of the amplification of the Plasmodium 

genus (forward primer: GGCCTAACATGGCTATGACG; re
verse primer: FAM-aggcgcatagcgcctggCTGCCTTCCTTAGAT 
GTGGTAGCT) or P falciparum (forward primer: ACCCCTC 
GCCTGGTGTTTTT; reverse primer: HEX-aggcgcatagcgcctgg 
TCGGGCCCCAAAAATAGGAA), which is performed in a 
20-μL reaction containing 2× TaqMan Environmental buffer 
2.0 (Applied BioSystems), 125 nM each of forward and reverse 
primers, except for the P falciparum HEX-labeled primer, which 
was used at a 62.5 nM. For each sample, duplicate PET-PCR re
actions were run with 2 μL of DNA template used in the PCR re
action with the following cycling parameters: initial hot start at 
95 °C for 10 minutes, followed by 45 cycles of denaturation at 
95 °C for 10 seconds and annealing at 60 °C for 40 seconds. 
The correct fluorescence channel was selected for each fluores
cently labeled primer set, and the cycle threshold values were re
corded at the end of annealing step [15, 16]. In this study, 
multiplex amplification of DNA from P falciparum and the genus 
Plasmodium was carried out with a reaction volume of 20 µL con
taining 5 µL of DNA template [15, 16]. The analysis was carried 

Figure 2. Flowchart of sample processing and malaria infection detection. +, presence; –, absence; PET-PCR, photo-induced electron transfer–polymerase chain reaction; 
PfHRP2, P falciparum histidine-rich protein 2; RDT, rapid diagnosis tests TS: thick/thin smear.
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out with QuantStudio 5. Samples with a cycle threshold ≤40 were 
scored as positive. Distilled water was used as negative template 
control.

RESULTS

A total of 340 samples were included among the 423 patients with 
fever (adults and children) received at the Zinder district hospital 
during the recruitment period; 83 patients presenting a negative 
light microscopy result were not included in the study, because 
the study was designed to assess PfHRP2 deletion. Among those 
included, 61.7% (95% CI, 56.4%–67.0%; 210/340) of samples were 
light microscopy positive and RDT negative, and 38.2% (95% CI, 
33.0%–43.6%; 130/340) were light microscopy positive and RDT 
positive (Figure 2). The PfHRP2 RDTs and the light microcopy 
diagnosed only P falciparum in this study.

Photo-Induced Electron Transfer–Polymerase Chain Reaction

Among the 340 dried blood spots analyzed with PET-PCR, 73.2% 
(95% CI, 68.2%–77.9%; 249/340) were positive for Plasmodium 
genus and species and represented the study population. The re
maining 26.7% (95% CI, 22.1%–31.8%; 91/340) of samples were 
light microscopy false positives confirmed by a level 1 WHO mi
croscopist. Among the samples that were RDT negative and 
thick/thin smear positive, 47 were negative with PET-PCR (35 
were PET-PCR positive but failed to amplify for species identifi
cation). Among samples positive for RDT and thick/thin smear, 4 
were negative with PET-PCR, and 5 were positive for 
Plasmodium genus and failed to identify species (Figure 2).

The overall proportion of Plasmodium species was 89.5% 
(95% CI, 85.1%–93.1%; 223/249) for P falciparum, 38.5% 
(95% CI, 32.5%–44.9%; 96/249) for P malariae, 10.8% (95% 
CI, 7.3%–15.4%; 27/249) for P vivax, and 1.6% (95% CI, .4%– 
4.1%; 4/249) for P ovale (Table 1). Single infections for 
Plasmodium species counted for 61.8% (95% CI, 55.5%– 
67.9%; 154/249), and the mixed infections rate, with at least 2 
Plasmodium species, was 38.1% (95% CI, 32.1%–44.5%; 95/ 
249; Table 2). Among these single infections, P falciparum rep
resented 83.7% (129/154), P malariae 11.6% (18/154), P vivax 
3.8% (6/154), and P ovale 0.6% (1/154). The overall single non- 
falciparum infections represented a rate of 10.0% (95% CI, 
6.6%–14.5%; 25/249). Of the 95 mixed infections, Pf/Pm repre
sented 74.7% (71/95), Pf/Pv 15.7% (15/95), Pf/Pm/Pv 5.2% 

(5/95), Pf/Po 2.1% (2/95), Pm/Pv 1.0% (1/95), and Pf/Pm/Po 
1.0% (1/95).

Throughout the study period, 61.4% (95% CI, 55.1%–67.5%; 
153/249) of the infections were recorded during the month of 
September 2022 (Figure 3).

DISCUSSION

To facilitate appropriate diagnosis of malaria cases, it is important 
to know the prevalence of circulating malaria species in the coun
try. The objective of this study was to screen for the circulation of 
non-falciparum species among patients with febrile malaria seen 
in health facilities in Niger. In this study, caried out in the 
Zinder region of Niger, West Africa, P falciparum was the main 
species with 89.5% (223/249) of malaria infection. In addition 
to P falciparum, P malariae, and P ovale, which were reported 
by a recent study carried out in Zinder [14], a substantial propor
tion of P vivax (10.8%, 27/249) was identified for the first time.

All 4 species have already been identified in Mali and Burkina 
Faso, which are bordering countries to the west, and Nigeria and 
Benin, which are bordering countries to the south [9–13, 23–27]. 
The circulation of P vivax is now well documented in 
sub-Saharan Africa among individuals who are Duffy positive 
[9, 28, 29]. The use of RDTs based on HRP2 detection, which de
tect only P falciparum, and light microscopy, which depends on 
the operator and requires considerable experience, may explain 
not only the high proportion of light microscopy false positives 
revealed by the PET-PCR but also why these species are not 

Table 2. Plasmodium Species Infections in the Study Population: Overall, 
Single, and Mixed

Plasmodium sp Infections % (No.)

Overall

Single 61.8 (154)

Mixed 38.1 (95)

Total 100 (249)

Single

P falciparum 83.7 (129)

P malariae 11.6 (18)

P vivax 3.8 (6)

P ovale 0.6 (1)

Total 100 (154)

Mixed

Pf/Pm 74.7 (71)

Pf/Pv 15.7 (15)

Pf/Po 2.1 (2)

Pf/Pm/Pv 5.2 (5)

Pf/Pm/Po 1.0 (1)

Pm/Pv 1.0 (1)

Pf/Pv/Po 0

Pm/Po 0

Pv/Po 0

Total 100 (95)

Abbreviations: Pf, P falciparum; Pm, P malariae; Po, P ovale; Pv, P vivax.

Table 1. Overall Proportion of Plasmodium Species in the Study 
Population (n = 249)

Plasmodium sp % (No.)

P falciparum 89.5 (223)

P malariae 38.5 (96)

P vivax 10.8 (27)

P ovale 1.6 (4)
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detected or are detected at low frequency in endemic areas of 
sub-Saharan Africa. In addition, P falciparum has higher parasite 
densities than the other species, which could mask them when 
identified by light microscopy.

The circulation of P vivax has implications for treatment, as 
hypnozoites are not cleared by artemisinin-based combination 
therapy and are implicated in relapses, which are estimated to 
account for 50% to 96% of all posttreatment P vivax recurrenc
es in Papua New Guinea, Thailand, and Ethiopia [26, 30–34]. 
The overall single non-falciparum rate doubled the 5% thresh
old recommended by the WHO, which is considered to be the 
point where the proportion of cases missed by PfHRP2 RDTs 
due to non-HRP2 expression may be greater than the propor
tion of cases that would be missed by the less sensitive 
Plasmodium lactate dehydrogenase (pLDH)-based RDTs [35].

This indicates the need to conduct similar studies in other re
gions of the country to determine the prevalence of all 
Plasmodium species to update diagnosis and treatment strategies 
to better control malaria in the country. The results of the sea
sonal distribution of Plasmodium sp have confirmed the seasonal 
transmission of malaria and its peak observed in September in 
Niger. This distribution is also observed in several neighboring 
West African countries [36–38]. Hence, this shows the need 
for the country’s health authorities to adapt control strategies 
to target this period. A high proportion of infections due to non- 
falciparum species was identified by PET-PCR, showing a failure 
of light microscopy to detect these infections; therefore, more ca
pacity building is needed for microscopist training, and/or less 
operator-dependent techniques should be utilized. The 
PfHRP2 RDTs used in Niger do not detect the non-falciparum 
species. Given the high proportion of these non-falciparum in
fections, the introduction of the combination of Plasmodium 

falciparum, Plasmodium vivax, Plasmodium ovale and 
Plasmodium malariae‘s lactate dehydrogenase (pan-LDH)– 
only RDTs and combined P falciparum pLDH and pan-LDH 
RDTs or the use of molecular techniques such as loop-mediated 
isothermal amplification should be considered. The latter is 
now approved for diagnosis by WHO and commercialized and 
does not need expertise on molecular biology to be performed 
[39, 40].

CONCLUSION

This study confirms the first presence of Plasmodium 
vivax by PET-PCR in addition to the other 3 malaria species 
(P falciparum, P malariae, and P ovale) in the Zinder region 
of Niger. The high rate of single non-falciparum infections 
slightly above the recommended threshold by the WHO in
dicates that the country should start planning the substitu
tion of PfHRP2 RDTs with pan-LDH–only RDTs and 
combined P falciparum pLDH and pan-LDH RDTs. These 
findings underline the need to adapt malaria diagnostic tools 
and therapeutic management, as well as the training of mi
croscopists, for recognition, detection, and identification 
of non-falciparum plasmodial species circulating in the 
country. This will better inform the strategies toward malar
ia control and elimination, as well as the decision making of 
the National Malaria Control Programme and the health au
thorities of the Republic of Niger.
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