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Abstract: Introduction: In malaria­endemic regions, asymptomatic Plasmodium carriage among
blood donors poses a persistent threat to transfusion safety. The Sysmex XN­31™, an automated
hematology analyzer that uses fluorescence flow cytometry, is a promising tool for rapidly
detecting and analyzing malaria­infected red blood cells. Methods: We conducted a comparative
cross­sectional study at the Regional Blood Transfusion Center of Abidjan during a low­transmission
season. Blood samples from asymptomatic adult donors were screened using both Sysmex XN­31™
and microscopy on Giemsa­stained blood smears. The diagnostic performance was assessed using
microscopy as the reference method, and inter­method agreement was determined using Cohen’s
kappa. Molecular confirmation was not performed. Results: Among 520 donors (78% male; mean
age 34.7 ˘ 11 years), Sysmex XN­31™ detected 10 Plasmodium­positive cases (prevalence 1.92%;
95% CI: 1.04–3.50) compared to 4 cases detected by microscopy (0.77%; 95% CI: 0.30–1.96).
Half of the Sysmex XN­31™­positive samples had low parasitemia (20–100 parasites/µL), sensitivity
was 100% (95% CI: 39.8–100), specificity was 98.8% (95% CI: 97.4–99.5), and Cohen’s kappa
was 0.57. Five samples (1.0%) yielded indeterminate Sysmex XN­31™ results. Conclusion:
Sysmex XN­31™ proved to be highly sensitive and specific in identifying asymptomatic malaria,
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particularly for the detection of low parasitemia levels. An integrative algorithm combining primary
Sysmex XN­31™ screening with molecular confirmation for positive or indeterminate results is
recommended. Multicenter evaluations that incorporate molecular confirmation and cost­effective
analysis are warranted to further validate these findings.
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screening algorithm
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1. Introduction

Malaria remains a major public health challenge in Côte d’Ivoire, where transmission is perennial
with marked seasonal peaks during the rainy season, as documented in national surveillance data [1]
and recent epidemiological reports, characterized by year­round transmission and seasonal peaks
during the rainy season [2–4]. In this high­exposure setting, partial immunity acquired over time
protects individuals from severe clinical manifestations, allowing chronic and asymptomatic blood
carriage of the parasite [5–7]. This asymptomatic reservoir plays a significant role in sustainingmalaria
transmission in affected populations and represents a significant barrier to reducing or stopping
transmission.

Epidemiological studies conducted in Bouaké have reported subclinical malaria prevalence
among children, ranging from 10.3% by microscopy to 34.9% by quantitative polymerase chain
reaction (qPCR), which highlights the limited sensitivity of conventional diagnostic methods [8].
In Korhogo, prevalence estimates are 9.3% based on rapid diagnostic tests (RDTs) and 10.5%
by microscopy [9]. Both microscopy and RDTs have detection thresholds generally above
50–200 parasites/µL, which restricts their ability to detect low­density submicroscopic infections
typically observed in asymptomatic carriers [10,11].

The presence of asymptomatic malaria carriers among blood donors is of particular concern.
In the absence of systematic screening, transfusion­transmitted malaria poses a serious risk to
vulnerable groups such as children, pregnant women, and immunocompromised individuals [12–14].
Studies conducted in Abidjan have reported a microscopy­based prevalence of 2.7% among
asymptomatic donors [15], though this likely underestimates the true disease burden because of the
suboptimal sensitivity of conventional diagnostic methods. Molecular diagnostics such as polymerase
chain reaction (PCR) and loop­mediated isothermal amplification (LAMP) can detect parasite densities
as low as 0.002 parasites/µL [16–18]. However, the implementation of these methods for routine
screening of blood units intended for transfusion is limited by technical complexity, high financial costs,
and special laboratory infrastructure [19,20].
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Automated and user­friendly systems, such as Sysmex XN­31™, represent significant progress
in malaria parasite detection in blood for transfusion purposes. This analyzer, which uses
fluorescence flow cytometry, allows a rapid and operator­independent detection and quantification
of malaria­infected red blood cells at levels as low as 20 parasites/µL [21–23]. Data from Asia
have demonstrated its ability to detect Plasmodium (P) falciparum and P. vivax even at parasite
densities below 100 parasites/µL [24,25]. Few studies have been conducted in West Africa [26,27],
and particularly in Côte d’Ivoire, which precludes a robust assessment of the system’s performance
in local transfusion settings.

This study aims to evaluate the diagnostic performance of Sysmex XN­31™ compared to optical
microscopy for the detection of asymptomatic Plasmodium spp. infections among blood donors in
Abidjan. The objective is to determine whether this automated screening tool could be integrated into
national transfusion protocols to enhance blood safety in malaria­endemic regions.

2. Methods

2.1. Study Design and Setting

A comparative cross­sectional study was conducted between November 2024 and January 2025 at
the Regional Blood Transfusion Center (CRTS) of Abidjan, Côte d’Ivoire. This period corresponds to
a low­malaria­transmission season.

2.2. Study Population and Inclusion Criteria

Participants were recruited among volunteer blood donors. Inclusion criteria were: age ě 18 years,
body temperature < 37.5 ˝C, absence of malaria­related symptoms in the preceding seven days, and
no antimalarial treatment within the previous month. Written informed consent was obtained from all
donors; individuals who declined to participate were excluded.

2.3. Sample Size Calculation

The sample size was calculated using Buderer’s formula [28] to estimate the sensitivity of Sysmex
XN­31™ Assuming an asymptomatic malaria prevalence of 2.7% [15], an expected sensitivity of 95%,
a˘12%margin of error, and a 95% confidence level, theminimum required sample size was estimated
at 469 participants. To account for potential exclusions or incomplete data, this number was increased
by 10%, resulting in a final minimum sample size of 516 donors. A total of 520 participants were
ultimately enrolled, satisfying the calculated requirement.

2.4. Diagnostic Procedures

2.4.1. Blood Sample Collection and Processing

Whole­blood samples were collected from each donor by venipuncture directly into standard
blood donation bags. From each collected unit, a secondary aliquot was drawn into a primary
EDTA­anticoagulated tube for laboratory analysis.

This EDTA sample was first used for automated malaria screening using Sysmex XN 31™, as
described below. Subsequently, the same EDTA blood sample was used for the preparation of paired
thick and thin blood smears intended for microscopic diagnosis.
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2.4.2. Optical Microscopy

For each donor, paired thick and thin blood smears were prepared from venous blood collected in
an EDTA tube and stained with 10% Giemsa for 20–30 min. Approximately 6 µL of whole blood was
used to prepare the thick smear and 3 µL for the thin smear, in accordance with the WHO malaria
microscopy guidelines [29]. Slides were examined independently by two experienced microscopists
who were blinded to the results obtained with the Sysmex XN­31™ analyzer. Discrepancies between
the two independent microscopists were adjudicated by a third microscopist. Thick­smear examination
was used to detect asexual stages and, when present, gametocytes. A result was considered negative
if no parasites were observed after examination of 500 fields at ˆ100 magnification.

Parasitemia estimation:

For microscopy­positive samples, parasitemia (parasites/µL) was calculated as follows:

Parasitémia (parasites/µL) = Number of parasites counted ˆ Total leukocytes
Number of leukocytes counted

The leukocyte count used for calculation was that reported by Sysmex XN­31™.

‚ If >100 parasites were observed in 200 leukocytes, the calculation was based on 200 leukocytes.
‚ If <100 parasites were observed, counting continued to 500 leukocytes.

Species identification was performed on the thin smear; however, parasite density was not estimated
from thin films.

2.4.3. Sysmex XN­31™ Analysis

For each sample, a 60 µL aliquot of whole blood from the primary EDTA tube was analyzed using the
Sysmex XN­31™ analyzer (model XN­31­1­A; Sysmex Corp., Kobe, Japan) operating in low­malaria
(LM) mode. The instrument was equipped with integrated malaria diagnostic software enabling
automated detection, quantification, and species classification of malaria­infected red blood cells. All
analyses were performed within a maximum of 4 h after blood collection, in accordance with the
manufacturer’s recommendations [25].

Recorded parameters included:

‚ The complete blood count (CBC).
‚ The automated detection of infected red blood cells (iRBCs), with a positive threshold set at

ě20 iRBCs/µL, based on the validated detection limit of the device.
‚ The parasitemia level, expressed as: (i) MI­RBC#: number of infected red blood cells

(parasites/µL); (ii) MI­RBC%: percentage of infected red blood cells.
‚ The automated species identification, attempted for samples with MI­RBC# ě 100/µL,

categorized as: Plasmodium falciparum, non­falciparum, co­infection, and not determined.
‚ In some cases, the analyzer detected parasitemia ě 20 iRBCs/µL without achieving automated

species identification. These results were classified as “Unclassified (UNC)” by the RBC
message, indicating confirmed malaria positivity with undetermined species.

‚ The indeterminate result designation was applied in cases of scattergram anomalies (e.g.,
“MI­RBC Abn Scattergram”) or unclassifiable signal patterns. Indeterminate cases were
independently reviewed by two blinded microscopists. If thick­blood­smear examination
confirmed the absence of parasitemia, these cases were excluded from the primary analysis
but were reported separately.
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For diagnostic performance calculations, any sample with detected parasitemia ě 20 iRBCs/µL, even
without species identification, was considered positive.

2.5. Statistical Analysis

Data analyses were performed using R 4.2.0 and SPSS v28. Prevalence estimates were calculated
using the Wilson method and reported with 95% confidence intervals (CIs). The diagnostic
performance metrics of Sysmex XN­31™ (sensitivity, specificity, predictive values, likelihood ratios,
and Youden’s index) were calculated using the exact Clopper–Pearson confidence intervals.
Inter­method agreement was assessed by Cohen’s kappa coefficient and interpreted according to
Landis and Koch [30]. Proportions were compared using McNemar’s test. Correlations between
parasitemia measurements were derived using Spearman’s or Pearson’s methods as appropriate.
Discordant and indeterminate cases were described separately.

2.6. Ethical Considerations

The study protocol was approved by the Directorate of the CRTS Abidjan. In the absence of a
formal ethics committee submission, all procedures compliant with institutional standards for data
confidentiality were strictly observed. All participants provided written informed consent, with the right
to withdraw at any time from the study without consequence.

3. Results

Figure 1 outlines the asymptomatic malaria screening workflow at the CRTS of Abidjan. All donor
samples were first analyzed using the Sysmex XN­31TM analyzer in low­malaria mode. Results
were categorized as negative, indeterminate, or positive. Microscopy (thick and thin smears) was
performed to confirm positive and indeterminate Sysmex results and to determine parasite species
and developmental stages.

A total of 520 asymptomatic donors were included, predominantly male (78%, n = 406), with a
mean age of 34.7 ˘ 11.0 years (range: 18–65). Of these, 61% were over 30 years old and 55.2%
were regular donors (ě4 donations).

Malaria prevalence detected by Sysmex XN­31™ was 1.92% (10/520; 95% CI: 1.04–3.50)
compared to 0.77% (4/520; 95% CI: 0.30–1.96) by microscopy. The median parasitemia measured by
Sysmex XN­31™ was 98 parasites/µL (IQR: 37–229) compared to 140.5 parasites/µL (IQR: 31–250)
by microscopy (Table 1).

Table 1: Parasite density (median and IQR) for 10 cases detected by Sysmex XN­31™ and 4 cases
by microscopy.

Method N
Positive

Median
(Parasites/µL)

IQR
(Parasites/µL)

Sysmex XN­31™ 10 98 37–229
Microscopy 4 140.5 31–250
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Figure 1: Flow diagram of malaria screening using Sysmex XN­31™ and microscopy among blood donors.
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Among the ten Sysmex­positive cases, 5/10 (50%) had low parasitemia (20–100 parasites/µL),
4/10 (40%) had moderate parasitemia (100–1000 p/µL), and 1/10 (10%) had high parasitemia
(>1000 parasites/µL). No sample with parasitemia below the analytical detection threshold
(<20 parasites/µL) was detected by Sysmex XN­31™. Although one case showed nearly identical
counts by both methods (415 parasites/µL by Sysmex XN­31™ compared to 422 parasites/µL by
microscopy), the overall correlation analysis between Sysmex XN­31™ and microscopy parasitemias
indicated a weak positive relationship that was not statistically significant (Spearman ρ = 0.25;
p = 0.55).

Regarding species identification (Table 2), automated species identification was achieved in 4 out
of 10 positive cases: two Plasmodium (P) falciparum monoinfections and two co­infections involving
P. falciparum and at least one other species. Microscopy identified P. falciparum in the same two
monoinfection cases but detected no co­infection cases. Additionally, 5 (1.0%) of the 520 samples
yielded indeterminate Sysmex results (Table 2). None were confirmed positive by microscopy; they
were excluded from the primary performance analysis to ensure robustness of the results.

Table 2: Plasmodium species identification by Sysmex XN­31™ and by microscopy.

Method N Positive P. falciparum Only Co­Infections Unclassified Indeterminate Cases *
n (%) n (%) n (%) n (%)

Sysmex XN­31™ 10 2 (20) 2 (20) 6 (60) 5 (1.0% of 520)
Microscopy 4 4 (100) 0 (0) 0 (0) 0

* Indeterminate cases: samples in which the Sysmex XN­31™ signal was considered non­interpretable.

When evaluating its performance against microscopy as the reference (Table 3), Sysmex XN­31™
achieved a sensitivity of 100% (95% CI: 39.8–100), a specificity of 98.8% (95% CI: 97.4–99.5), a
positive predictive value (PPV) of 40% (95% CI: 12.2–73.8), and a negative predictive value (NPV)
of 100% (95% CI: 99.3–100). Youden’s index was 0.99, the positive likelihood ratio (LR+) was 84.03,
and the negative likelihood ratio (LR–) was 0.00.

Table 3: Diagnostic performance indicators of Sysmex XN­31™ for the detection of asymptomatic malaria.

Indicator Value 95% Confidence Interval
(Clopper–Pearson)

Sensitivity 100.0% [39.8–100%]
Specificity 98.81% [97.5–99.6%]
Positive predictive value (PPV) 40.0% [12.2–73.8%]
Negative predictive value (NPV) 100.0% [99.3–100%]
Positive likelihood ratio (LR+) 84.03 –
Negative likelihood ratio (LR´) 0.00 –
Youden’s index 0.99 –

The agreement between the different diagnostic tests, estimated by Cohen’s kappa test, was κ = 0.57
(95% CI: 0.33–0.80). This indicates a moderate agreement between the two methods. Among the
four microscopy­positive samples, one gametocyte carrier was noted (Table 4).

The case­by­case analysis (Table 4) showed that all microscopy­positive cases, including one
gametocyte carrier, were among the ten Sysmex­positive cases; however, several low­parasitemia
Sysmex­positive cases were negative via microscopy.
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Table 4: Results for blood of individual donors, tested by Sysmex XN­31™ and microscopy (N = 520).

Donor ID Sysmex XN­31
Result MI­RBC% MI­RBC# (P/µL)

Plasmodium
Species

Sysmex XN­31

Microscopy
Result

(Thick Smear)

Parasitemia
(P/µL)

(Thick Smear)

Plasmodium
Species

(Thin Smear)
Parasite Stage
(Thin Smear)

CRTS042 Positive 0.0011 56 Unclassified Negative 0 Negative Negative
CRTS072 Positive 0.0018 98 Unclassified Negative 0 Negative Negative
CRTS155 Indeterminate 0 0 Not determined Negative 0 Negative Negative
CRTS157 Indeterminate 0 0 Not determined Negative 0 Negative Negative
CRTS162 Indeterminate 0 0 Not determined Negative 0 Negative Negative
CRTS194 Positive 0.0048 229 P. falciparum Positive 31 P. falciparum Trophozoite
CRTS201 Positive 0.0463 2391 P. falciparum +

other species Negative 0 Negative Negative
CRTS203 Positive 0.0029 160 P. falciparum Negative 0 Negative Negative
CRTS229 Positive 0.0008 29 Unclassified Negative 0 Negative Negative
CRTS232 Positive 0.0100 415 P. falciparum +

other species Positive 422 P. falciparum Trophozoite
CRTS316 Indeterminate 0 0 Not determined Negative 0 Negative Negative
CRTS320 Positive 0.0005 24 Unclassified Negative 0 Negative Negative
CRTS402 Positive 0.0045 175 Unclassified Positive ND P. falciparum Gametocytes
CRTS441 Positive 0.0008 37 Unclassified Negative 250 P. falciparum Trophozoite
CRTS484 Indeterminate 0 0 Not determined Negative 0 Negative Negative

Caption. MI­RBC%: percentage of malaria­infected red blood cells, measured by Sysmex XN­31™. MI­RBC#: absolute number of malaria­infected red blood cells, expressed as parasites
per microliter (P/µL), automatically estimated by Sysmex XN­31™. Sysmex XN­31™ results: Positive: parasitemia ě 20 infected red blood cells per microliter (iRBCs/µL), corresponding
to the validated analytical threshold for malaria positivity; Indeterminate: cytometric profile not interpretable due to abnormal scattergram patterns or insufficient/ambiguous signal; these
cases did not meet criteria for classification as positive or negative. Plasmodium species (Sysmex XN­31™): P. falciparum or P. falciparum + other species: automated identification
provided by the analyzer; Unclassified (UNC): parasitemia ě 20 iRBCs/µL detected, but automated species identification not achieved; Not determined: species identification not possible
due to indeterminate cytometric profile and/or absence of an interpretable parasitemia signal. Microscopy (thick smear): Result of thick­blood­smear examination (positive or negative).
Parasitemia reported as parasites per microliter (Ps/µL) when positive. ND = not determined. Plasmodium species (thin smear): Species identified on thin­smear examination. “Negative”
indicates that no malaria parasite was detected on microscopy and, consequently, no species could be identified. Parasite stage (thin smear): Developmental stage observed (e.g.,
trophozoite and gametocyte). When reported as “Negative”, this indicates that no parasite was detected on microscopy, and therefore no developmental stage could be identified. P/µL:
Parasites per microliter.



Afr. J. Parasitol. Mycol. Entomol., 2026, 3(2): 14 9

The cytometry scattergrams and corresponding parasite population ratios (MI­RBC%) for the 10
Sysmex XN­31™­positive samples are shown in Figure 2 to illustrate the analytical basis of automated
detection.

Figure 2: Representative cytometry profiles of the 10 Sysmex XN­31™­positive blood donor samples.
Caption: Each panel displays the MI­RBC scattergram (upper left) and corresponding RBC histogram
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(upper right) obtained in low­malaria (LM) mode. The MI­RBC% (percentage of infected red blood
cells) and MI­RBC# (absolute number of infected red blood cells expressed as parasites/µL) are
indicated for each sample. Instrument malaria flags and classification messages are shown as
reported by the analyzer (e.g., Malaria? (UNC), P. falciparum, or P. falciparum + other species).
The panels illustrate the range of parasite densities detected in this cohort, from low­level parasitemia
(<100 parasites/µL) to higher parasite burdens (>2000 parasites/µL). In the MI­RBC scattergram, red
dots represent malaria­infected red blood cells (iRBCs), while blue dots correspond to non­infected
red blood cells.

4. Discussion

Our study demonstrates that Sysmex XN­31™ demonstrated an observed sensitivity of 100% in this
dataset, although the precision of this estimate is limited by the small number of microscopy­confirmed
positive cases. The analyzer also showed high specificity (98.8%) for detecting asymptomatic malaria
among blood donors, with a reassuring NPV of 100% for transfusion safety. As expected in a
low­prevalence setting, the PPV is low (40%). Sysmex XN­31™ demonstrated strong discriminative
capacity, evidenced by a Youden’s index of 0.99 and a positive likelihood ratio of 84.03. The findings
are consistent with three additional studies—one conducted in India [31] and two in Malawi—that
indicated an automated detection rate that was double that of traditional microscopy [32,33]. A
study in Southeast Asia shows sensitivity and specificity comparable to our findings regarding
imported malaria [23]. In our study, 50% of Sysmex­positive samples had parasitemia below
100 parasites/µL—levels that are frequently undetectable by standard microscopy [32,33]. Sysmex
XN­31TM’s ability to detect submicroscopic infections contributes to the identification of a latent
reservoir of chronic carriers and may explain its apparent superior performance compared with
microscopy. The absence of a significant correlation on parasitemias between Sysmex XN­31™ and
microscopy (ρ = 0.25; p = 0.55) underscores the limitations of the microscopy method in detecting
low parasite densities. Sysmex XN­31™ was able to type species in only 40% of positive cases,
indicating its analytical thresholds at very low parasitemia [21]. Our findings confirm a decline in
species­typing capacity at low densities [34] and reinforces the need for complementary methods
such as thin­smear or molecular examination when precise species identification is required. This
limitation highlights the complementary role of thin smears for reliable morphological identification
and detection of transmissible stages [29,35]. Our investigation did not assess factors that can
affect species­typing performance, such as sample quality, storage conditions, instrument calibration,
or maintenance [21,25]. All indeterminate Sysmex XN­31™ results (1%) in our investigation were
confirmed to be negative using microscopy, although the absence of molecular confirmation may
have limited the detection of very­low­density infections. Molecular confirmation using PCR or LAMP,
or expert slide review, would further strengthen discordant­case evaluation [36].

The inability of Sysmex XN­31™ to differentiate gametocytes from asexual stages represents
an important limitation for accurately assessing post­transfusion transmission risk but does not affect
its capacity to detect malaria­infected blood units [37]. Previous studies on Sysmex XN­31™ have
focused on the detection and quantification of asexual Plasmodium stages, neglecting its efficacy in
identifying or quantifying gametocytes [21,22]. The analyzer measures all infected red blood cells
without differentiating stages, which is a recognized limitation [24].

Molecular techniques like quantitative reverse transcriptase–PCR (qRT­PCR) and
quantitative nucleic acid sequence­based amplification (QT­NASBA), which target P. falciparum
gametocyte­specific transcripts (Pfs25 mRNA and Pfs230p) and offer improved sensitivity and
specificity, even at low densities, that enable accurate quantification of the infectious reservoir [38,39].
The techniques are costly, necessitate considerable technical expertise, and are infrequently
accessible in transfusion centers in West Africa. The absence of a gametocyte­specific detection
capability with Sysmex XN­31™ may limit the precise estimation of the infectious reservoir among
asymptomatic donors. The integration of targeted gametocyte detection with molecular assays has
the potential to enhance transfusion safety and support malaria elimination initiatives.
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Limitations

Compared with studies based on smaller sample sizes and a limited number of malaria­positive
cases, our study yielded wider confidence intervals for sensitivity estimates, reflecting lower statistical
precision. This is a common limitation in low­prevalence settings such as blood donor populations.
Seasonal variations in malaria transmission may also influence the number of asymptomatic infections
detected, and future evaluations conducted at different periods of the year would provide a more
comprehensive assessment of diagnostic performance [33]. A major methodological limitation of
this study is the absence of molecular confirmation using a reference method such as polymerase
chain reaction (PCR). Although expert microscopy was used as the comparator, it is well recognized
that microscopy may fail to detect chronic low­density parasitemia, particularly among asymptomatic
carriers. Consequently, it was not possible to reliably distinguish true Sysmex XN­31™ false­positive
results from genuine submicroscopic infections detected only by the analyzer. At the time of the
study, no frozen aliquots suitable for retrospective PCR analysis had been prospectively stored,
which precluded molecular confirmation of Sysmex­positive samples. Conversely, without external
molecular validation, rare analytical artifacts or false­positive signals generated by automated
hematology analyzers cannot be definitively excluded. Several authors have therefore recommended
the systematic inclusion of molecular reference methods in evaluations of new malaria diagnostic
technologies [32,33,38].

In addition, parasitemia estimation based solely on thick­smear microscopy may introduce
measurement variability related to operator experience and the volume of blood examined, particularly
at low parasite densities [40]. Thin­smear examination was primarily used for species identification
and stage confirmation and is less reliable for quantitative assessment. Finally, the generalizability
of our findings remains limited because this study did not include a cost­effectiveness analysis, an
operational feasibility assessment, or an evaluation of the potential impact on blood transfusion safety
workflows. Future research should therefore integrate molecular confirmation methods, preserve
aliquots for retrospective testing, and assess the financial, logistical, and organizational implications
of implementing Sysmex XN­31™ in transfusion settings.

Assessing parasitemia solely with the thick­smear method may introduce bias due to
operator­related variability and the volume of blood tested, particularly at low densities [40]. The
thin smear is mainly used for morphological identification and stage confirmation and is therefore less
robust for quantitative analysis at low parasitemia.

Moreover, our findings are not broadly applicable or generalizable due to the lack of a
cost­effective analysis, an organizational assessment, and a study of the impact of the transfusion
process. Future research should examine the financial, logistical, and organizational implications
of relying on Sysmex XN­31TM in blood transfusion settings, in addition to evaluating its analytical
capabilities.

5. Conclusion

Sysmex XN­31™ exhibited a sensitivity of 100% and a specificity of 98.8% in the detection
of asymptomatic malaria in blood donors, even at low levels of parasitemia. It is a rapid
and automated tool that shows potential for improving transfusion safety in endemic regions.
Large­scale implementation requires: molecular validation of positive and indeterminate results, a
cost­effectiveness analysis adapted to local resources, and focused training for users. Multicenter
studies carried out particularly during high­transmission seasons and incorporating economic
evaluations are critical for the broad adoption and scalability of the standardized screening protocol.
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