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Abstract 
Reliable and rapid pre-force diagnosis of malaria is necessary in the fight 
against malaria. Due to the limitations of the Giemsa-stained thick and thin 
blood smears technique, new techniques are established for malaria diagnosis; 
this is the case with the XN-31 automated system. This study evaluates the 
performance of the XN-31 automated malaria diagnostic system compared to 
the Giemsa-stained thick and thin blood smears technique. 260 blood samples 
from plasma parasite positive individuals were collected between July 2021 
and February 2022 at the Boni Clinic, along with the clinical information for 
each of these samples. These samples were run on the XN-31 automated sys-
tem, which uses fluorescence flow cytometry to detect and quantify red blood 
cells parasitized by Plasmodium parasites and provides a complete blood 
count and visual image scattergram of the parasitized red blood cells for diag-
nosis of the species involved. The results from the automated system are com-
pared with those obtained by reading the Giemsa-stained thick and thin blood 
smear slides, which are considered the reference method. Apart from one case 
of P. vivax only detected by the XN-31, both techniques mentioned the pres-
ence of P. falciparum (majority species), P. malariae and P. ovale in approxi-
mate proportions. In this study, the detection limit of the automaton is 40 par-
asites per ul of blood. A few cases of false positive, false negative and indeter-
minate were recorded by the machine. There was a strong correlation (r = 
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0.8019) between the Giemsa-stained thick and thin blood smears technique 
and the XN-31 machine in the estimation of parasite densities. The XN-31 can 
be used for clinical diagnosis of malaria in endemic areas. In case of diagnostic 
difficulties (undetermined, absence of scattergram) or abnormalities of red 
blood cells, it is necessary to dilute the sample to 1/7 or to use blood smears 
for the diagnosis of the species and the parasite load. 
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1. Introduction 

Malaria is a deadly disease caused by the Plasmodium parasite and transmitted by 
an infected Anopheles bite. Reports indicate a high number of malaria cases, esti-
mated at 229 million in 2019 worldwide. As in previous years, the African region 
bore more than 90% of the total disease burden. Benin has not remained on the 
sidelines of these affected African regions and cites malaria as the leading cause of 
hospitalization and healthcare seeking. According to the Annuaire des Statistiques 
Sanitaires (ASS) generated by the Système National d’Information et de Gestion 
Sanitaires (SNIGS) of the Ministry of Health for the year 2020, the human conse-
quences of malaria amount to 2440 cases of death; malaria, in Benin, represents 
respectively 44.2% and 49.5% of the reasons for consultation within the general 
population and among children under five years of age. Five species of the genus 
Plasmodium cause human infection: Plasmodium falciparum, Plasmodium vivax, 
Plasmodium ovale, Plasmodium malariae and the zoonotic parasite Plasmodium 
knowlesi. Over 90% of malaria cases (the most serious and potentially fatal dis-
ease) are caused by P. falciparum [1].  

Accurate and timely diagnosis of malaria is essential for the control of malaria 
transmission. Delay and/or misdiagnosis can result in significant morbidity and 
mortality. According to the World Health Organization (WHO), it is recom-
mended that malaria be diagnosed promptly by either microscopy (MI) or a Rapid 
Diagnostic Test (RDT) in all patients suspected of having malaria before treat-
ment is administered [2]. Diagnosis of malaria is routinely performed by morpho-
logical identification of the parasite through microscopic examination of a blood 
smear, which is considered the gold standard test for diagnosis in the clinical set-
ting. This inexpensive diagnostic method allows the quantification of parasi-
taemia, is useful in monitoring the disappearance of parasitaemia and allows the 
possible identification of other pathogens. However, microscopy involves the 
competence of the diagnostic personnel and has a detection limit depending on 
the operator [3]. For this reason, RDTs for malaria have been developed, and the 
immunochromatographic card tests (ICTs) that detect Plasmodium antigens in 
the host’s blood are the most commonly used. These TICs are easy to perform, 
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use approximately 10 - 20 μL of blood, and results exposed in 10 - 15 minutes [4]. 
However, in low parasitaemia infections, false negative results can be obtained [5]. 
In addition, the sensitivity of the RDT test decreases for the detection of P. falci-
parum due to specific mutations in the P. falciparum hrp2 gene or its complete 
deletion [6].  

The design of new automated hematology analyzers is also part of this land-
scape of improved diagnostics given the challenges identified from previous tech-
niques. Automated hematology analyzers can offer rapid, sensitive and cost-effec-
tive evaluations of all suspected malaria infections, as they reduce analysis time 
and improve accuracy [3]. This is the case of the Sysmex XN-31 automaton that 
generates for 60 ul of each blood sample absorbed, the parasite density in number 
of parasitized red blood cells per microliters of blood; a view on all the stages pre-
sent of the parasites through a scattergram; a blood count and some pathologies 
related to the blood for example of leukopenia and anisocytosis [7]. This study 
therefore evaluates the performance of XN-31 in terms of malaria diagnosis via 
screw of microscopy.  

2. Materials and Methods  
2.1. Study Area  

This study was conducted in the commune of Cotonou between July 2021 and 
February 2022. The Boni clinic (6˚21'57.0"N 2˚27'09.0"E) was selected for the col-
lection of data and samples needed for the study. These samples are then sent to 
the Centre de Recherche Entomologique de Cotonou (CREC: 6˚28'23.0"N 
2˚20'41.0"E), Abomey-calavi annex, for further manipulation. 

2.2. Collection of Samples  

Two hundred and forty seven (247) EDTA whole blood samples positive for ma-
laria parasites were collected, which were read under microscopy for the detection 
of the parasite through a thick drop (TD) and a thin smear (TS) of blood, stained 
with Giemsa as indicated in the WHO standard protocol for malaria diagnosis. 
These two examinations allowed for the quantification of parasitemia and the di-
agnosis of the plasmodial species involved.  

Samples are collected in batches per week and stored at 4˚C before being sent 
to the XN-31 automated diagnostic system. Recording sheets are attached to each 
batch of samples, giving the sample number, sex, age and the results of the micro-
scopic diagnosis.  

Test with the XN-31. The collected samples are now processed in the XN-31, 
a device that uses fluorescence flow cytometry to detect red blood cells infected 
with malaria parasites. This instrument was used in low malaria (LM) mode which 
absorbs 60 microliters of blood; it automatically counts and classifies cells through 
a 405 nm laser beam while analyzing the results of forward scattered light (FSC) 
and side fluorescent light (SFL) [8]. It provides a complete blood count (CBC), a 
qualitative result (positive or negative for malaria-infected red blood cells), a 

https://doi.org/10.4236/aid.2024.144060


T. F. Tokponnon et al. 
 

 

DOI: 10.4236/aid.2024.144060 813 Advances in Infectious Diseases 
 

quantitative result (an absolute number of MI-RBC and the percentage of red 
blood cells infected with Plasmodium), and a result for the suspected Plasmodium 
species [9].  

The XN-31 results were compared to the microscopy results for the collected 
samples to determine the malaria diagnostic capability of the XN-31 in terms of 
sample positivity or negativity; the plasmodial species(s) demonstrated. In order 
to evaluate the sensitivity and specificity of this device, an additional 494 micros-
copy-negative samples were collected, added to the 247 baseline positive samples.  

The sensitivity of a test is defined as “the probability that the test is positive if 
the pathology is present” and “the probability that the test is negative if the pa-
thology is absent” [10]. 

Se = [a/(a + c)]*100 
Sp = [d/(b + d)]*100 
Cr: = [(a + d)/(a + b + c + d)]*100 

Symbols used: a = True Positive (TD/TS positive samples), b = False Positive, c 
= False Negative, and d = True Negative (TD/TS negative samples). Se: sensitivity; 
Sp: specificity; Cr: concordance rate.  

The plasmodial formula was evaluated with the results provided by Sysmex XN-
31. This is according to the formula:  

Number of the type of plasmodial speciesPlasmodial formula 100
Number of samples tested positive

= ×  

2.3. Statistical Analysis  

The automaton generates a PDF file with information on each sample (sample 
number and results). An Excel file has been designed to summarize all the PDF 
data. The software R; GraphPad and Prism have been used to process the results.  

3. Résults  
3.1. Distribution of Samples According to Age, Sex and Parasite  

Density Classes  

Of the 247 specimens collected, the age data for 12 specimens was not provided. 
Most of the patients collected were over 15 years old (Figure 1); there were more 
males than females, 159 males and 118 females (Figure 2). Parasite densities in 
most of the samples collected were between [10,000 - 99,999] parasitized red blood 
cells/blood unit (Figure 3).  

3.2. Species Diagnosis According to Microspie and XN-31  

The microscopic reading of the samples at the hospital showed the majority pres-
ence of P. falciparum (Pf); P. ovale (Po); and P. malariae (Pm), visualized on the 
scattergram (see Figures 4-6), which were alone or in combination in the blood 
samples (see Figure 3) while the XN-31 diagnosis revealed the presence of P. vivax 
alongside those encountered on microscopy in approximate proportions with 31 
undetermined cases (see Figure 6). 
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Figure 1. Distribution of subjects by age, <5 years 5 - 15 years >15 years. 

 

 
Figure 2. Distribution of subjects by gender. 

 

 
Figure 3. Distribution of subjects according to parasite densities obtained at XN-31.  
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Figure 4. Scattergram showing all stages in a P. falciparum positive sample and 
“others”. MIRCB: 4275 103 parasites/blood unit. 1: Gametocytes; 2: Lyse red blood 
cell debris 3: Schizontes; 4: Circulating Trophozoites; 5: Parasitized red blood cells. 

 

 
Figure 5. Scattergram of a P. falciparum positive 
sample. MIRCB: 22,508 103 parasites/blood unit.  

 

 
Figure 6. Scattergram of a sample with unknown species 
(Indeterminate). MIRCB: < Loq 103 parasites/blood unit. 

 
Microscopy revealed that 211 participants carried only Plasmodium falciparum 

and one participant carried only Plasmodium malariae, while 35 participants were 
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mixed carriers of (Pf/Pm) for 20 people and (Pf/Po) for 15 people (Figure 7). 
 

 
Figure 7. Distribution of subjects by plasmodial species (Giemsa-stained thick and thin 
blood smears).  

 
Figure 8 shows that 185 participants carried Pf only, 5 carried Po only, 3 carried 

Pm and one carried Pv only. 31 participants were indeterminate, 19 carried both 
(Pf/Po) and 3 carried (Pf/Pm).   
 

 
Figure 8. Distribution of subjects by plasmodial species (XN-31). 

3.3. Calculation of the Plasmodial Formula  

The plasmodial formula of each species is as follows in Table 1.  
The plasmodial formula for each species is as follows: Plasmodium falciparum 

is in the majority with 91%, followed by Plasmodium ovale (around 7%), Plas- 
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modium malariae (2%) and Plasmodium vivax (0.46%). However, these species 
were present alone or in mixtures. 

 
Table 1. Plasmodium formulas of the different species in the XN-31 automaton.  

Plasmodium species (XN-31) Numbers Plasmodial formulas (%) 

Pf 192 90.87 

Po 24 6.62 

Pm 2 2.05 

Pv 1 0.46 

Total 219 100 

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

3.4. Accuracy of PD and Calculation of Sensitivity, Specificity and  
Concordance Rates of XN-31 Compared to Microscopy  

The particle densities obtained by the two diagnostic methods were projected for 
each sample giving a correlation of 0.8019 of the XN-31 automaton to the micro-
scopic reading (Figure 9). The sensitivity and specificity rates of XN-31 are re-
spectively: 92% and 93%. It correlates 93% with the Giemsa-stained thick and thin 
blood smears results (Table 2).  
 

 
Figure 9. Accuracy of parasitaemia determination by XN-31 compared to parasitaemia determined by microscopy. 
 

Table 2. Sensitivity, specificity and concordance rates of XN-31 compared to microscopy.  

Parameters Values 

Sensitivity 92% 

Specificity 93% 

Concordance rate 93% 
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4. Discussion  

The aim of this study was to evaluate the diagnostic performance of XN-31 in 
comparison to TD/TS in the diagnosis of malaria. For this purpose, 247 micros-
copy-positive and 494 microscopy-negative samples, regardless of age or sex, were 
collected and processed in XN-31. Microscopic reading revealed the presence of 
P. falciparum (majority species), P. ovale and P. malariae which were present 
alone or in combination in the collected blood samples. One case of P. vivax was 
detected by the XN-31 machine in addition to those found in the EW/Smear. The 
lower limit of detection of Plasmodia by the automaton during this work is 20 
parasites per ul of blood. There is a strong correlation (R = 0.8019) between the 
two methods in the estimation of parasitaemia. The diagnosis with the XN-31 au-
tomaton has a specificity and a sensitivity of: 92% and 93%. Furthermore, the con-
cordance rate between TD/TS compared to XN-31 results was 93%. Cases of false 
positive, false negative and indeterminate density and parasite species were noted 
by the automaton.  

These TD/TS species results parallel those obtained by Damien et al. who had 
made the same finding in blood samples of asymptomatic children from 1 year to 
5 years old in the health district of Ouidah, Kpomasse, Tori Bossito; in the South 
of Benin [11]. The single case of P. vivax suspected on the XN-31 joins the work 
of Poirier et al. who reported the presence of P. vivax in Benin, in blood bags from 
asymptomatic Beninese donors [12]. XN-31 has this ability to identify red blood 
cells parasitized by parasites of the genus Plasmodium as mentioned by Zuluaga-
Idárraga al. in a context of endemicity of P. falciparum and P. vivax in Colombia 
[3]. However, the proportions of identification of Plasmodium species in XN-31 
versus TD are (211/247) and (188/247) respectively for cases where P. flaciparum 
is only present. This difference would be due to the fact that the XN-31 suspects 
other species (“malaria? Pf Malaria? other”) in addition to the identified P. falci-
parum while the microscopy only reports P. falciparum. The correlation obtained 
between TD/TS and XN-31 results in the estimation of malaria parasite densities 
(r = 0.801) is similar to that of Khartabil et al. [9] (r = 0.791) for samples that are 
not necessarily positive on microscopy that she had to collect in a non malaria 
endemic area. This finding suggests a possible use of the XN-31 in clinical diag-
nosis in P. falciparum endemic areas. The specificity and sensitivity rates of XN-
31 compared to microscopy were 92% and 93% respectively, which are close to 
100% and 99.9% obtained by M’baya et al. [13] for the same techniques in the 
context of malaria screening in 5,281 samples collected from blood donation sites 
in Malawi. This slight discrepancy could be explained by the nature of the collec-
tion of our samples, only the Plasmodium positive cases in the Boni clinic, which 
represent 1/3 of the samples that arrive in this clinic; that is 2/3 (negative samples) 
not taken into account whereas the estimation of sensitivity and specificity takes 
into account the number of negative samples.  

On the other hand, cases of indeterminate, false positives or negatives have been 
observed in XN-31; they may be due to the presence of reticulocytes which are still 
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nucleated red blood cells; in fact, the device lists the nucleus of these red blood 
cells as Plasmodium resulting in false positives. This was noted in the work of 
Khartabil et al. [9] who concluded that in the case of abnormal red blood cell 
shapes, the results of the XN-31 should be considered with caution. Samples may 
be weakly positive (low MIRBC), and without scattergram for species diagnosis. 
In this case, a confession of a blood smear is necessary to give the species. They 
are often observed when the parasite density is extremely high; a repeat of the 
sample diluted at 1/7 allows us to obtain better results.  

5. Conclusion  

The XN-31 automaton is faster than the Giemsa-stained thick and thin blood 
smears in the diagnosis of malaria. It is reliable and can be recommended for clin-
ical diagnosis in endemic areas. In case of abnormalities in red blood cells, an 
EKG/swab test is recommended to confirm or invalidate the diagnosis provided 
by the device.  
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