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Background. The clinical presentation of individuals infected with Plasmodium falciparum is exceptionally diverse, ranging 
from asymptomatic parasitemia to life-threatening disease. Frequent previous exposure to Plasmodium spp results in partial 
protection from severe disease; however, this protection wanes in individuals emigrating from holoendemic regions, and there 
are currently no reliable biomarkers that accurately indicate this semi-immunity.

Methods. Data were analyzed from 1392 adults infected with P falciparum in Gabon and Germany. Full blood count parameters 
and ratios were evaluated individually and as a combined ensemble-based machine learning classifier to predict disease severity, 
ranging from asymptomatic infection to severe malaria. As a secondary objective, the influence of previous exposure to 
Plasmodium spp was assessed.

Results. Comparing asymptomatic parasitemia with uncomplicated malaria in Gabonese and comparing uncomplicated with 
severe malaria in German patients revealed significantly lower platelet counts (218 vs 150 ×103/µL, P < .0001; 85 vs 40 ×103/µL, 
P < .0001, respectively) and higher neutrophil counts (2.32 vs 2.57 ×103/µL, P = .0037; 3.08 vs 4.49 ×103/µL, P < .0001) in those 
with greater infection severity. The machine learning classifier outperformed single parameters in differentiating infection 
severity in both comparisons (area under the receiver operating characteristic curve, 0.94 and 0.84). Lymphocyte and monocyte 
counts showed a pattern that follows the level of previous malaria exposure, with lower cell counts in naive vs previously 
exposed patients, regardless of infection severity.

Conclusions. The value of simple full blood count parameters for classification of P falciparum infection severity and previous 
exposure is considerable. The accuracy can be increased by integrating individual parameters into a joint machine learning model.
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Malaria causes considerable morbidity and mortality, especially 
in sub-Saharan Africa [1]. Its clinical presentation is exceptionally 

diverse, ranging from asymptomatic to life-threatening infection. 
Previous exposure to Plasmodium spp is strongly associated with 
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prognosis and outcome in malaria, with repeated infections lead
ing to the development of semi-immunity and partial protection 
from severe disease [2]. However, semi-immunity wanes in indi
viduals who emigrate from endemic regions, a patient group fre
quently traveling back to visit friends and relatives (VFR), thereby 
carrying a high risk of Plasmodium infection [3, 4]. As the epide
miology of malaria changes (eg, in light of current elimination ef
forts), persons in previously holoendemic regions might also be 
affected by waning semi-immunity and consequently an in
creased risk of severe disease [5].

To date, no consensus exists concerning the duration of semi- 
immunity or its decline. Moreover, no robust biomarkers exist 
that properly reflect antiparasite or clinical semi-immunity, 
which could help clinicians anticipate the risk profiles of patients 
with malaria. Severe malaria, characterized by organ dysfunction 
that often requires intensive care treatment, is commonly defined 
by standardized criteria [6]. However, treatment decisions are far 
less clear for patients at medium or low risk (eg, with regard to the 
possibility of outpatient treatment in VFR patients) [7, 8]. 
Similarly, there is ongoing debate about the definition and neces
sity of treatment of asymptomatic parasitemia [9, 10].

The differential blood count from routine hematologic anal
ysis, readily available in most clinical settings, can provide in
formation about the severity of a range of diseases. Changes 
in neutrophil to lymphocyte count ratio (NLCR) and monocyte 
to lymphocyte count ratio (MLCR) have especially been de
scribed as nonspecific markers of inflammation in the context 
of various infections [11–14]. In malariology, higher NLCR and 
MLCR were observed in patients with more severe disease as 
compared with controls in a nonendemic setting [15, 16]. 
Machine learning–based tools for laboratory and clinical 
markers have recently been tested to assist clinical decision 
making for treating malaria in returning travelers and in chil
dren in endemic areas [17, 18]. However, they primarily focus 
on detecting infections rather than differentiating various 
severity levels. Moreover, comparison and integration of 
data from nonendemic and endemic settings into a single 
analysis are lacking.

The aim of this multicenter cross-sectional study is to ana
lyze the value of full blood count (FBC) parameters upon initial 
presentation for assessing disease severity in individuals infect
ed with Plasmodium falciparum (Pf) as a potential aid for early 
clinical decision making. Furthermore, the influence of previ
ous malaria exposure on these parameters is assessed.

METHODS

A pooled secondary analysis was performed with clinical and lab
oratory data from 9 prospective cohort studies conducted at Centre 
de Recherches Médicales de Lambaréné (CERMEL) in Gabon and 
Charité University Hospital in Berlin, Germany, and 1 retrospec
tive study at Bernhard-Nocht-Institute for Tropical Medicine 

(BNITM), in Hamburg, Germany, between 2013 and 2023. All 
studies were approved by their ethics committees.

The primary objective was to assess the potential of FBC pa
rameters for classification of disease severity in individuals in
fected with Pf in endemic and nonendemic settings. Initial 
routine FBCs were evaluated as single parameters and as a com
bined classifier to predict disease severity at first clinical presen
tation, ranging from asymptomatic infection to severe malaria. 
As a secondary objective, the influence of preexisting semi- 
immunity on these parameters was assessed.

Study Participants

Participants at CERMEL were recruited in the Moyen-Ogooué 
province of Gabon, a hyperendemic region with perennial Pf 
transmission [19]. Patients in Berlin were recruited at Charité 
University Hospital and patients in Hamburg from the data
base of the Center of Tropical Medicine at BNITM.

Individuals were eligible for inclusion if they fulfilled the fol
lowing criteria: age ≥18 years, microscopically confirmed asex
ual Pf infection, and blood draw with FBC ≤24 hours after 
initiation of antimalarial treatment. In addition, there was a 
subset of symptomatic patients in Gabon (n = 508) whose diag
nosis of uncomplicated malaria was established by a rapid diag
nostic test based on PfHRP2 (Pf histidine-rich protein 2). All 
these patients denied previous malaria episodes in the last 28 
days. Individuals were excluded in case of known liver disease, 
hematologic disease, immunodeficiencies, pregnancy, or 
breastfeeding. Asymptomatic infection was defined as asexual 
parasitemia without symptoms 7 days before and after diagno
sis. Uncomplicated and severe malaria was defined according 
to World Health Organization (WHO) criteria [6]. All patients 
were treated according to the respective study protocols and 
Gabonese or German guidelines.

Infection severity was analyzed by 2 comparative analyses: 
asymptomatic parasitemia vs uncomplicated malaria in 
Gabon and uncomplicated vs severe malaria in Germany. For 
analyzing the influence of semi-immunity, previous malaria ex
posure was used as a proxy, as determined from participants’ 
medical histories and current residences. Patients were classi
fied as “endemic” with ongoing exposure to Pf in Gabon; 
“VFR,” when born and raised in endemic regions but now liv
ing in nonendemic regions for >12 months; or “naive,” with 
first-time Pf infection. VFR patients with migration ≤12 
months prior were excluded to ensure clear differentiation 
from endemic patients. We then selected 2 patient subgroups 
with comparable infection severity: uncomplicated and severe 
malaria. Within each subgroup we compared patients with dif
ferent degrees of previous exposure: endemic, VFR, and naive 
for uncomplicated malaria; VFR and naive for severe malaria.
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Data and Statistical Analysis

Data were collected from the earliest time point at or after di
agnosis and included demographic data, medical history, asex
ual parasitemia, and routine FBC parameters (platelet, total 
white blood cell, lymphocyte, monocyte, and neutrophil 
counts). Red blood cells (RBCs), hemoglobin, and hematocrit 
were excluded to avoid confounding with WHO criteria of se
vere malaria (circular reasoning). Eosinophils and basophils 
were excluded to avoid confounding by helminth coinfections. 
NLCR, MLCR, and platelet to lymphocyte count ratio (PLCR) 
were calculated by the absolute counts. Parasitologic examina
tions were performed with thick and thin blood smears, and 
parasitemia was calculated as follows: % RBC × RBC/μL. All 
parasitologic and hematologic examinations were performed 
by accredited laboratories at CERMEL, Charité, or BNITM.

Statistical analysis and machine learning were conducted in 
Python version 3.10. As most variables were not normally dis
tributed, nonparametric tests were performed with scipy, in
cluding Mann-Whitney U tests for pairwise comparisons and 
Kruskal-Wallis H tests for comparisons with >2 groups. Post 
hoc pairwise tests were conducted with Dunn test implementa
tion from scikit-posthoc. A significance level of α = .05 was 
adopted. Random forest models were trained on an age-, 
sex-, and severity-balanced dataset through a leave-one-out 
cross-validation approach (Supplementary Methods).

RESULTS

Participant Characteristics

Overall, 3648 individuals were screened from the included 
studies and databases. Patients were excluded if any of the 
following applied: age <18 years (n = 1783), missing FBC 
(n = 264), non-Pf monoinfection (n = 100), coinfection or con
comitant disease with known effect on FBC (n= 71), pretreat
ment (n = 7), recrudescence (n = 7) or gametocyte only (n =  
1), double inclusion (n = 11), and pregnant or breastfeeding 
women (n = 12), resulting in 1392 evaluable cases. Of these, 
723 were recruited in Gabon and 669 in Germany. No study 
in Gabon included patients with severe malaria and, converse
ly, no asymptomatic cases were identified in Germany.

Baseline characteristics are presented in Table 1. There was a 
predominance of male participants overall and in all sub
groups. The median age ranged from 26 years in asymptomatic 
individuals to 52 years in naive travelers with severe malaria, 
and initial parasitemia ranged from a median 483 to 475 500 
parasites/µL, respectively.

FBC Parameters as Markers for Infection Severity

Analysis of FBC parameters according to infection severity revealed 
notable differences in the endemic setting (asymptomatic parasite
mia vs uncomplicated malaria) and nonendemic setting (uncom
plicated vs severe malaria; Figure 1, Supplementary Table 1). Ta
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Platelet counts differed markedly between groups, with lower 
counts correlating with higher severity (endemic: 218 vs 150 × 
103/µL for asymptomatic parasitemia vs uncomplicated malaria; 
nonendemic: 85 vs 40 × 103/µL for uncomplicated vs severe 
malaria, respectively). Neutrophils showed an opposite correlation 

with infection severity: higher counts in more severe cases in both 
settings (endemic: 2.32 vs 2.57 × 103/µL; nonendemic: 3.08 vs 4.49 
× 103/µL). Conversely, lymphocyte counts were lower in endemic 
patients with uncomplicated malaria as compared with individuals 
with asymptomatic parasitemia (1.62 vs 2.16 × 103/µL) but were 

Figure 1. Distribution of parasitemia (A), full blood cell counts (B–F), and blood cell ratios (G–I) in individuals with different severity of Plasmodium falciparum infection: 
asymptomatic parasitemia (asym) and uncomplicated malaria (unc) in the endemic setting (end) and uncomplicated malaria and severe malaria in the nonendemic setting 
(non-end). Scatter points indicate individual patient values; line, box, and whiskers reflect the median, IQR, and 1.5 times the IQR, respectively. MLCR, monocyte to lym
phocyte count ratio; NLCR, neutrophil to lymphocyte count ratio; PLCR, platelet to lymphocyte count ratio; WBC, white blood cells.
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similar between nonendemic patients with uncomplicated and se
vere malaria. The cell count ratios followed these trends, with lower 
PLCR and higher NLCR values in patients with more severe infec
tion in both endemicity settings. In contrast to these clearly 
severity-associated markers, monocyte counts and the MLCR 
showed no clear trend among the severity subgroups. Overall, 
white blood cell counts did not correlate with infection severity 
in the endemic setting but were lower in uncomplicated vs severe 
malaria cases in the nonendemic setting (4.8 vs 5.5 × 103/µL; 
Figure 1, Supplementary Table 1).

Notably, FBC parameters could be leveraged to indicate 
disease severity: a platelet count ≤189 × 103/µL was the best cri
terion for uncomplicated malaria in the endemic setting (pos
itive likelihood ratio  [LR+], 2.34; LR–, 0.41; Supplementary 
Table 2). The area under the receiver operating characteristic 
curve (AUROC) for features ranged from 0.76 for platelets to 
0.38 for MLCR (Figure 2A). In the nonendemic setting, plate
lets ≤61 × 103/µL most accurately discriminated patients 
with severe vs uncomplicated disease (LR+, 2.82; LR–, 0.29; 
Supplementary Table 3). AUROC values ranged from 0.79 
for platelets to 0.54 for lymphocytes (Figure 2B).

Severity Classification by Machine Learning

To investigate whether the diagnostic capability of FBC values 
can be improved by combining the parameters, we developed a 
random forest model for severity classification, with an age-, 
sex-, and severity-balanced subset of patients in both settings 
(Supplementary Table 4). Indeed, the classifier could distin
guish between asymptomatic parasitemia and uncomplicated 
malaria in the endemic setting with an AUROC of 0.94 
(Figure 2A and 2C) and between uncomplicated and severe ma
laria in the nonendemic setting with an AUROC of 0.84 
(Figure 2B and 2D), clearly outperforming individual parame
ters. In both settings, platelets were identified as the key model 
feature (Figure 2E and 2F), with higher values associated with 
lower severity. Lower MLCR and NLCR values and higher lym
phocyte counts were significant for the model classifying 
asymptomatic infection (Figure 2E), whereas higher PLCR 
and lower neutrophil counts were important factors for classi
fying uncomplicated malaria (Figure 2F). The endemic classifi
er markedly outperforms parasitemia as a single parameter 
(AUROC, 0.94 vs 0.75), whereas parasitemia slightly outper
forms the FBC-based classifier in the nonendemic setting 
(AUROC, 0.9 vs 0.84). Consequently, training a machine learn
ing classifier on FBC and parasitemia significantly improved 
the model performance up to an AUROC of 0.95 in both set
tings (Figure 2A and 2B), while addition of RBCs did not result 
in further improvement (Supplementary Figure 1).

FBC Parameters as Markers of Previous Malaria Exposure

Even among individuals with similar severity (uncomplicated 
malaria; blue patient subgroups in Figure 1) some parameters, 

such as platelets, differed considerably between those in the en
demic and nonendemic settings. We therefore systematically 
analyzed the influence of previous malaria exposure (endemic, 
VFR, naive) on FBC parameters within subgroups of patients 
with similar severity (uncomplicated or severe malaria).

The distribution of the strongest severity markers, platelets 
and neutrophils, generally followed the median parasite counts 
in the respective patient subgroups, independent of the degree 
of previous exposure (Figure 3, Supplementary Table 5). 
Accordingly, in patients with uncomplicated malaria, platelet 
counts were lowest in VFR patients, corresponding to the high
est median parasitemia in this group, lower than in naive 
patients. Similarly, neutrophil counts were highest in VFR 
patients. The same trend was observed in patients with severe 
malaria. In contrast, lymphocyte and monocyte counts, which 
did not clearly correlate with infection severity, showed a 
distinct pattern that followed the degree of previous malaria 
exposure, with lower cell counts being associated with less 
preexposure in both severity groups. In uncomplicated malaria, 
patients from endemic areas had threefold higher monocyte 
and lymphocyte counts than naive patients, with VFR patients 
falling between the groups (monocytes: 0.62 vs 0.36 vs 0.23 × 
103/µL for endemic, VFR, and naive patients, respectively; lym
phocytes: 1.61 vs 0.89 vs 0.54 × 103/µL). A similar pattern, 
though inverse, was observed for the NLCR (1.55 vs 3.54 vs 
5.6 × 103/µL), with the same trend in severe malaria.

DISCUSSION

Routine hematologic parameters have been shown to indicate 
disease severity in various conditions [11–13]. Here, we lever
aged routine FBC measurements, usually one of the first labo
ratory tests performed upon presentation, to analyze 
differences in Pf infection severity as a potential aid for early 
treatment decisions. Examining 8 parameters not included in 
the WHO definition of severe malaria (ie, excluding hemoglo
bin and erythrocyte counts), we observed that platelets, neutro
phils, PLCR, and NLCR can be used to discriminate between 
patients with varying disease severity in endemic and nonen
demic settings. In both, platelets emerged as the most potent 
single discriminatory parameter, performing similarly well to 
peripheral parasitemia for discrimination of asymptomatic vs 
symptomatic malaria in endemic individuals. In contrast, 
monocytes and lymphocytes were clearly associated with previ
ous exposure, not severity.

Thrombocytopenia is common in malaria and has been iden
tified as a risk factor for adverse outcomes [20]. Underlying 
mechanisms include peripheral destruction, bone marrow alter
ations, and removal of platelets in the spleen [21]. While exert
ing direct antiplasmodial action through platelet factor 4 [22], 
platelets contribute to systemic and vascular inflammation 
and micro-occlusion [23]. The role of neutrophils in malaria 

Full Blood Count Parameters in Adults Infected With P falciparum • OFID • 5

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf421#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf421#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf421#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf421#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf421#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf421#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaf421#supplementary-data


Figure 2. Classifier evaluation in distinguishing asymptomatic Plasmodium falciparum infection from uncomplicated malaria in endemic participants (A, C, E) and uncom
plicated from severe malaria in nonendemic participants (B, D, F ). Both classifier panels are structured in the same way. A and B, The prediction performance of random 
forest–based classifiers and individual parameters (FBCs, their ratios, and Plasmodium parasitemia in the blood) in both investigated classes. To ensure consistent ROC curve 
comparison between nonendemic and endemic settings, the same sorting order was used for both. Although this could produce AUROC values <0.5 (indicating better pre
diction for the negative class), the sorting choice was solely for visualization and did not affect the calculations. C and D, Predicted probabilities of machine learning models. 
Points indicate individual patient values; line, box, and whiskers reflect the median, IQR, and 1.5 times the IQR, respectively. E and F, SHAP values, indicating the impact of the 
features on the final model decision. ROC curves of machine learning classifiers were averaged over the performance in validation data of the cross validation. asym, asymp
tomatic; AUC, area under the curve; AUROC, area under the receiver operating characteristic curve; FBC, full blood count; ML, machine learning; MLCR, monocyte to lym
phocyte count ratio; NLCR, neutrophil to lymphocyte count ratio; Para, parasitemia; PLCR, platelet to lymphocyte count ratio; ROC, receiver operating characteristic; SHAP, 
SHapley additive exPlanations; TPR, true positive rates; unc, uncomplicated; WBC, white blood cells.
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is less clear. Activated neutrophils support parasite elimination 
through phagocytosis and the production of reactive oxygen 
species and neutrophil extracellular traps, but they also contrib
ute to damaging endothelium, increasing inflammation, and 
promoting parasite adhesion. Several studies have shown an 

association between neutrophilia and malaria severity [24, 25]. 
In our study, neutrophils were markedly higher in nonendemic 
patients with severe infection vs uncomplicated, with a much 
less pronounced difference in the endemic setting. Relating neu
trophils to lymphocyte counts, the NLCR is considered a general 

Figure 3. Distribution of parasitemia (A), full blood cell counts (B–F), and blood cell ratios (G–I) with various previous malaria exposure. Uncomplicated malaria cases are 
subdivided into endemic, VFR, and naive patients and severe malaria cases into VFR and naive patients. Scatter points indicate individual patient values; line, box, and 
whiskers reflect the median, IQR, and 1.5 times the IQR, respectively. end, endemic; MLCR, monocyte to lymphocyte count ratio; NLCR, neutrophil to lymphocyte count ratio; 
non-end, nonendemic; PLCR, platelet to lymphocyte count ratio; unc, uncomplicated; VFR, visit friends and relatives.
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marker of inflammation and stress [26]. In patients with im
ported malaria, the NLCR has been correlated with parasite 
density [15, 16]. In our study, the NLCR discriminated asymp
tomatic from uncomplicated cases in the endemic setting espe
cially well, with the latter exhibiting higher neutrophil and lower 
lymphocyte counts. However, lymphocytes showed an even 
stronger association with previous malaria exposure in uncom
plicated and severe malaria. Mechanisms of lymphopenia in 
malaria include lymphocyte sequestration in secondary lym
phoid tissues and increased apoptosis [27]. As our data indicate, 
both might be dependent on the individual level of semi- 
immunity, which possibly explains the conflicting reports on 
lymphocyte levels in patients with malaria from different ende
micity settings [15, 28].

While platelets, neutrophils, and NLCR displayed clear trends 
with disease severity, monocytes did not. In contrast, we ob
served a distinct correlation of monocyte counts with previous 
Plasmodium exposure, reflecting their potentially critical role 
in semi-immunity. Monocytes have recently been gaining inter
est in malaria, where they confer protection by clearance of par
asites, as well as pathology, including systemic inflammation 
and vascular dysfunction [29]. Previous studies report ambigu
ous results for monocyte counts in malaria, depending on the 
study setting [30–32], possibly due to variations in the frequen
cies of different monocyte subsets [33]. Our findings underscore 
the complex role of monocytes in malaria, highlighting their dis
tinct implication in immunity rather than disease severity. The 
precise mechanisms underlying these observations and their 
implications for malaria pathogenesis and immunity merit 

further research. Figure 4 shows an overview of the trends of 
FBC parameters in relation to infection severity and the degree 
of previous exposure found in our study.

Combining FBC parameters into ensemble-based machine 
learning models significantly improved the classification of dis
ease severity. Again, platelets emerged as the most relevant con
tributors to both classifiers. Machine learning approaches have 
been gaining interest in life sciences lately, proving especially 
helpful for the combined analysis of multiple parameters. A 
particular challenge for their applicability is the lack of software 
solutions transforming the output of such models into 
easy-to-use tools for physicians [34]. We therefore provide an 
open access online calculator for both our machine learning 
models (https://malaria-severity-prediction.bnitm.de/). Upon 
entering FBC parameters of a patient infected with Pf, this cal
culator predicts the infection severity, allowing one to choose 
cutoffs for the predicted probability (ie, favoring specificity or 
sensitivity) in addition to the endemicity setting and baseline 
variables. When favoring specificity in an endemic setting, 
the model achieves a remarkable LR+ of 61 (sensitivity, 0.57; 
specificity, 0.99; Supplementary Table 6); in a nonendemic 
high-sensitivity configuration, it results in a favorably low 
LR– of 0.06 (sensitivity, 0.96; specificity, 0.64; Supplementary 
Table 7).

In practice, our calculator could serve as a tool for rapidly as
sessing disease severity to identify individuals with uncompli
cated malaria vs asymptomatic infection in endemic settings 
and to support initial assessment of severe disease in nonen
demic settings. Further validation of the suggested cutoff values 
for blood cell values and ratios is needed, and efforts should be 
made to address geographic discrepancies and other potential 
confounding factors in future studies. Configurations of the 
online calculator and potential use cases are described in the 
supplementary materials.

LIMITATIONS

Our study had several limitations. First, diagnosis of 508 pa
tients with uncomplicated symptomatic malaria in Gabon re
lied solely on PfHRP2-based rapid diagnostic tests, which, 
while not gold standard, consistently detected only Pf. Given 
that the prevalence of Pf in the study region exceeds 95% 
[35], misclassification of non-Pf malaria is altogether highly un
likely. Even though PFHRP2-based assays may stay false posi
tive up to approximately 1 month upon successful treatment, 
misclassification of false-positive test results due to remaining 
PfHRP2 is unlikely, since all 508 patients participated in an an
timalarial treatment study that excluded individuals who took 
antimalarial drugs in the 28 days prior to malaria diagnosis 
[36]. Second, variations in FBC can be confounded by factors 
such as genetic and geographic background, age, concomitant 
medication, underlying comorbidities, and coinfections 

Figure 4. Trends of individual full blood count parameters in relation to Plasmodium 
falciparum infection severity and previous malaria exposure. Data are shown from one 
group with lower infection severity to the next group of higher infection severity or from 
a group with a higher degree of previous exposure to a group with a lower degree. The 
size of the triangles indicates the magnitude of the difference, with larger triangles rep
resenting greater differences. Comparisons were found significant if P < .05. FC, fold 
change; MLCR, monocyte to lymphocyte count ratio; NLCR, neutrophil to lymphocyte 
count ratio; PLCR, platelet to lymphocyte count ratio; VFR, visit friends and relatives; 
WBC, white blood cells.
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[26, 37]. We excluded patients with known viral or bacterial 
coinfections and liver, blood, or immunologic diseases to min
imize these effects. While isolated cases with undetected coin
fections cannot entirely be ruled out, the large overall sample 
size likely renders such effects on group-level outcomes negli
gibly small. Third, all persons from endemic countries were ret
rospectively recruited for the analysis based on previous 
participation in a malaria study conducted at CERMEL. Since 
none of these studies focused on severe malaria, we could not 
include any case of severe malaria. Yet, in settings of 
hyperendemic malaria transmission, severe malaria is 
known to occur almost exclusively among children and usu
ally not among semi-immune adults. Therefore, given that 
the generalizability of our results is limited to adults, we 
believe that this failure to include adults with severe malaria in 
Gabon constitutes only a minor limitation. Finally, the impact 
of genetic and geographic backgrounds remains insufficiently 
characterized. A sensitivity analysis with harmonization 
factors derived from a publicly available dataset (National 
Health and Nutrition Examination Survey Data, 2011–2012; 
Supplementary Methods [38]) revealed only negligible differences 
(Supplementary Tables 8 and 9). Nevertheless, population-specific 
reference ranges that account for genetic and environmental back
grounds are critical, and reliance on WHO global reference ranges 
or harmonization as in our sensitivity analysis may unintentional
ly perpetuate misconceptions about race in biomedical research. 
Developing locally adapted reference values would enhance 
clinical practice and facilitate multicentered or global comparative 
studies.

CONCLUSION

In summary, the present study provides extensive data on he
matologic alterations across patients with Pf infection with 
widely varying levels of disease severity and previous malaria 
exposure in endemic and nonendemic settings. The results 
highlight the significance of platelets but also neutrophils for 
identifying patients with greater infection severity in both set
tings, whereas monocyte and lymphocyte levels mainly reflect 
the degree of previous exposure. The accuracy of identifying at- 
risk patients can be considerably increased by integrating pa
rameters through a machine learning approach. For clinical 
translation of these findings, we provide a publicly accessible 
online calculator that offers a rapid prediction of a person’s dis
ease severity. The inherent diagnostic potential of this ap
proach, based on simple FBC parameters that are readily 
available even in resource constraint settings, warrants pro
spective validation.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 

authors, so questions or comments should be addressed to the correspond
ing author.
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