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SUMMARY

Background: In non-endemic settings, imported malaria
poses diagnostic challenges due to non-specific pre-
sentations and lack of immunity, especially in visiting
friends and relatives (VFRs). Focusing on the Western
Friuli (Italy) observatory, this work aims to optimize tri-
age by identifying early severity predictors. Through the
analysis of clinical parameters, paediatric cerebral cases,
and host genetics - including an illustrative case of HbS/
B-thalassaemia - we evaluate the drivers of Plasmodium
falciparum progression to improve patient management.
Methods: This retrospective study (2016-2025) analysed
symptomatic malaria cases in the Friuli Occidentale
Health Authority, combining epidemiological data
with illustrative clinical cases. Diagnosis was con-
firmed via microscopy and molecular methods. Us-
ing WHO/AMCLI criteria, we evaluated admission
parameters, including procalcitonin (PCT), C-reactive
protein (CRP), and platelet count, to identify predictors
of severe malaria, adopting a 2% parasitaemia thresh-
old. Diagnostic accuracy was assessed via multivari-
able logistic regression and ROC analysis.

Results: Of the 124 malaria cases (P. falciparum 88.71%),
90.32% were VFRs, primarily from West Africa; only
12% reported adequate prophylaxis. Severe malaria
occurred in 19.35% (24/124), including two cerebral
malaria (CM) cases, with no fatalities. Severity fluctu-
ated significantly, peaking at 60% (6/10; 95% CI 26.2%-
87.8%) in 2025. Multivariable analysis identified parasi-
taemia >2% (aOR 8.44; 95% CI 2.41-29.58; p=0.001) and

PCT (aOR 1.23; 95% CI 1.06-1.42; p=0.007) as the only
independent severity predictors. PCT outperformed
CRP (AUC 0.84 vs 0.73); at a 5.10 ng/mL cut-off, PCT
demonstrated a 95.9% negative predictive value (NPV),
effectively identifying low-risk patients. CM Case 1
(2017): A 5-year-old male with HbS/B-thalassaemia
(VER, from Ghana) admitted for P. falciparum malaria
(9.5% parasitaemia) and severe anaemia, evolving into
CM (loss of consciousness, seizures, BCS score 0); suc-
cessfully treated with IV artesunate, antiepileptics, and
blood transfusions, without sequelae. CM Case 2 (2022):
A 3-year-old male (VER, from Burkina Faso) with P. fal-
ciparum malaria (12.6% parasitaemia) evolving into CM
(altered state of consciousness, EEG signs of cerebral
distress, retinal haemorrhage, BCS score 2); resolved
with IV artesunate and antiepileptics without sequelae.
Conclusions: Imported malaria remains a critical chal-
lenge due to unpredictable severity trends and non-
specific onset of CM. PCT, combined with parasitae-
mia, outperformed CRP and platelet count as an inde-
pendent predictor of severity. High PCT levels should
serve as a “red flag” for immediate triage and paren-
teral therapy. Integrating PCT into clinical guidelines is
essential for effective risk stratification and preventing
life-threatening complications in non-endemic settings.
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B INTRODUCTION

lobally, malaria remains a leading cause of

morbidity and mortality, particularly in low-
and middle-income countries, where Plasmodium
falciparum infection strains fragile healthcare infra-
structures. In contrast, in non-endemic European
settings, imported malaria presents a critical diag-
nostic and therapeutic challenge that differs fun-
damentally from the disease dynamics of endemic
regions. While worldwide malaria mortality per-
sists elevated, the issue in countries like Italy - of-
ficially malaria-free since 1970 - lies in managing a
low-prevalence disease within a high-complexity
healthcare system [1]. National surveillance sys-
tems often overlook the regional specificities,
where shifting migratory patterns and interna-
tional travel dynamics can rapidly alter the clinical
landscape.
Predicting disease severity in such scenarios is
clinically arduous. Unlike endemic regions where
high pre-test probabilities and clinical experience
guide triage, clinicians in non-endemic countries
face considerable diagnostic uncertainty due to
non-specific initial presentations that mimic com-
mon viral syndromes. Furthermore, the lack of
protective immunity in travellers and visiting
friends and relatives (VFRs) results in clinical
courses that can rapidly escalate to severe forms,
such as cerebral malaria (CM), which constitutes
the most critical complication. Although in en-
demic areas CM predominantly affects children
under 5 years of age due to immunological naive-
ty and the vulnerability of the developing central
nervous system (CNS), in non-endemic contexts it
represents a severe threat to any individual lack-
ing protective immunity [2, 3]. CM, primarily
caused by P. falciparum, is defined as an acute, rap-
idly progressive febrile encephalopathy accompa-
nied by an altered state of consciousness not at-
tributable to other causes [4-6]. This condition
presents a diagnostic dilemma due to its non-spe-
cific neurological onset; if not promptly treated, it
carries a case-fatality rate approaching 100%,
whereas with immediate and effective treatment,
the rate decreases to 10-20% [2, 7-12].
Current literature lacks longitudinal and high-res-
olution data regarding epidemiological evolution
within sub-regional European contexts. The West-
ern Friuli area (North-Eastern Italy) fills this ana-
lytical gap as a relevant study setting due to its

significant presence of settled migrant communi-
ties and VFR dynamics. Consequently, it serves as
a strategic observatory for travel medicine and a
sentinel point for monitoring clinical trends and
diagnostic complexities in non-immune popula-
tions. Understanding the interplay between host
genetics - exemplified by one case of HbS/B-thal-
assaemia compound heterozygosity in our cohort
- and the clinical behavior of P. falciparum in this
particular demographic is essential for improving
patient triage and management. In such non-en-
demic environments, the interactions between
host non-immunity and rapid parasitaemia dy-
namics are reflected in distinct biomarker kinetics
that serve as early indicators of the risk of severe
malaria outcomes. Based on this model, we hy-
pothesize that defined clinical and laboratory pa-
rameters at admission can serve as reliable predic-
tors of severe malaria, compensating for initial
diagnostic uncertainty. This study aims to bridge
the gap between surveillance and clinical practice
by validating these predictors, with particular em-
phasis on the paediatric population and the early
recognition of neurological complications. To eval-
uate these factors alongside the impact of host ge-
netic variants, we analyzed the epidemiological
and clinical landscape of imported malaria in
Western Friuli over the 2016-2025 decade. By de-
tailing the trajectories of two paediatric cases of
CM, this work seeks to refine triage protocols and
enhance overall public health preparedness.

B MATERIALS AND METHODS

This retrospective observational study, incorporat-
ing an embedded series of illustrative clinical cas-
es, examined all malaria diagnoses from January
2016 to December 2025 at the three facilities (one
hub and two spoke hospitals) of the Friuli Occi-
dentale Health Authority, serving approximately
310,000 residents in North-Eastern Italy. This dual
design aims to clarify the epidemiological evolu-
tion while detailing specific clinical trajectories in
high-risk patients. The primary outcome was the
development of severe malaria during hospitali-
zation, while secondary outcomes included the
diagnostic accuracy of procalcitonin (PCT) and
C-reactive protein (CRP) at presentation. The
study population consisted of patients with symp-
tomatic infection at the time of admission, charac-
terized by fever or other malaria-related symp-
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toms that prompted diagnostic evaluation. No
asymptomatic cases were included in this cohort.
For each patient, demographic data (date of birth,
sex, country of malaria acquisition, and adherence
to prophylaxis), and laboratory data (antigen and
molecular results, species identification, parasitae-
mia index, haemoglobin (Hb), platelet count, total
and direct bilirubin, blood glucose, creatinine,
CRP, PCT, SpO,, and lactate) were collected. All
laboratory and clinical data (including acidosis,
CNS involvement, and co-infections) were retro-
spectively extracted from electronic medical re-
cords, having been originally obtained as part of
standardized routine care at admission to evaluate
their predictive value for early risk stratification.
Microbiological analysis was based on microscop-
ic identification of P. falciparum, P. ovale, P. vivax,
and P. malarige from Giemsa-stained thin and thick
blood smears, following Plasmodium spp. detection
via loop-mediated isothermal amplification
(LAMP, Illumigene Malaria, Meridian Bioscience)
and immunochromatographic antigen testing
(Binax NOW Malaria, Abbott). Species identifica-
tion was confirmed by Real-Time PCR (RealStar
Malaria Screen & Type PCR kit 1.0, Altona Diag-
nostics). Commercial assays were performed ac-
cording to the manufacturers’ instructions. For all
P. falciparum positive samples, parasitaemia was
calculated according to the guidelines of the Ital-
ian Association of Clinical Microbiologists (AMC-
LI) [13]. Only new diagnoses were included, ex-
cluding cases previously identified during the
study period. Anaemia and thrombocytopenia
were defined as Hb levels <11 g/dL and platelet
count <150,000/uL, respectively. Anaemia was
stratified as mild-to-moderate (Hb 27 g/dL) or se-
vere (Hb <7 g/dL). Similarly, thrombocytopenia
was classified as mild-to-moderate (30,000—
150,000/uL) or severe (<30,000/uL).

Severe malaria was defined according to com-
bined WHO and AMCLI criteria [2, 13]. Specifical-
ly, except for four endemic-area residents, a para-
sitaemia threshold >2% was adopted as a severity
criterion for both non-immune Italian travellers
(no prior exposure) and VFRs (with potentially
waning semi-immunity), providing a rigorous ra-
tionale to avoid severity misclassification in a
non-endemic context. CM was diagnosed in pae-
diatric patients with P. falciparum parasitaemia and
a Blantyre Coma Scale (BCS) score < 2 persisting
for >30 minutes after seizure control, according to

WHO criteria and after excluding other causes of
encephalopathy (e.g., hypoglycaemia or meningi-
tis). Diagnosis was supported by clinical neuro-
logical assessment, and the exclusion of other en-
cephalopathies through brain Computed Tomog-
raphy (CT) scans, when clinically indicated.

Ethical considerations

This study adhered to the Declaration of Helsinki.
In accordance with national and Italian Data Pro-
tection Authority guidelines, formal Institutional
Review Board approval and informed consent
were waived due to the retrospective use of fully
anonymized routine clinical data.

Statistical analysis

Categorical variables were expressed as percent-
ages and continuous variables as means =+ stand-
ard deviations (SD). Comparisons were performed
using Student’s t-test. Independent predictors of
severe malaria were identified via multivariable
logistic regression, adjusting for age, immune sta-
tus (VER vs. others), diagnostic delay (days from
symptom onset to admission), Plasmodium species
(P. falciparum vs. others), parasitaemia (> 2%), PCT,
and CRP. Continuous markers (PCT, CRP) were
dichotomized based on optimal cut-offs. Adjusted
Odds Ratios (aOR) with 95% confidence intervals
(CI) were calculated. A complete-case analysis was
applied for missing data (e.g., prophylaxis), with
sensitivity analyses confirming no significant bias.
Diagnostic accuracy was assessed through receiv-
er operating characteristic (ROC) curves and the
area under the curve (AUC); optimal cut-offs were
determined using the Youden Index (J), with sub-
sequent calculation of sensitivity, specificity, and
negative predictive value (NPV). Temporal trends
in severity were reported as proportions with 95%
CI (Clopper-Pearson method). Significance was
set at p< 0.05. Analyses were performed using Py-
thon (v. 3.10) and MedCalc (v. 22.0).

B RESULTS

Epidemiological Characteristics

During the decade under review, 129 malaria di-
agnoses were performed; the analysis included
124 cases, following the exclusion of 5 P. falciparum
reinfections. Of the 124 new episodes: 110 (88.71%)
were caused by P. falciparum, 6 (4.84%) by P. ovale,
4 (3.23%) by P. vivax, 3 (2.42%) by P. malariae, and 1
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(0.81%) by a mixed infection with P. falciparum and
P. malariae (Figure 1). The majority of patients were
male (73%), and belonged to the 18-65 age group
(75%) (Figure 2). Regarding patient categories,
90.32% were VFRs; 1.61% were Italian returning
from endemic countries for business trips, and
4.03% for tourism; 2.42% were Italian residents in

endemic countries returning to Italy for work,
travel, or family visits, and 1.61% were individuals
from endemic countries who had arrived in Italy a
few days earlier. The infection was primarily con-
tracted in West Africa, with the highest number of
cases (55%) occurring in Burkina Faso (Figure 3).
Non-malarial co-infections were observed in only

Figure 1
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4 patients: 1 case of concurrent Adenovirus and 1
case of Rhinovirus detected via nasopharyngeal
swab, 1 case of Salmonella sp. isolated from stool
culture, and 1 case of Escherichia coli from urine
culture.

The case trend varied over the decade. A peak was
recorded in 2018 (22 cases), followed by a predict-

able and significant reduction during the first year
of the COVID-19 pandemic (2020), a recovery in
the following two years, and finally, a stabilisation
at lower levels compared to the pre-pandemic pe-
riod (Figure 4).

Concerning chemoprophylaxis (missing data for
41 episodes, 33%), only 12% of patients reported
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adequate adherence, while 29% used no pharma-
cological prevention and 26% showed partial ad-
herence.

Of the 124 diagnoses, 24 (19.35%) were classified
as severe malaria, 7 of which involved children
between 2 and 5 years of age. The distribution of
severe forms was highly variable, ranging from
0% in 2020 (0/3; 95% CI 0.0% - 70.8%) and 2024
(0/9;95% CI0.0% - 33.6%) to a peak of 60% in 2025
(6/10; 95% CI 26.2% - 87.8%) (Figure 5). The annu-
al trend of the absolute number of malaria cases,
distinguishing between severe and uncomplicated
forms, is illustrated in Figure 6 and detailed in Ta-
ble 1. Among the patients with severe malaria, 22
were VFRs and 2 were Italian travellers returning
from endemic areas. In patients with severe malar-
ia, the prophylaxis profile was as follows: com-

plete adherence in 29% of cases, partial in 29%,
absent in 25%, and unavailable for 17%. No deaths
occurred.

Laboratory and Clinical Features

Of the 24 severe malaria cases, 23 were caused by
P. falciparum and 1 by P. ovale. Severe thrombocyto-
penia (<30 x 10° platelets/uL) was found in 4 pa-
tients, and mild-to-moderate thrombocytopenia
(30-150 x 10° platelets/pL) in 72. Severe anaemia
(Hb <7 g/dL) was observed in 3 patients, while 20
presented with mild-to-moderate anaemia (Hb
7-11 g/dL) (Table 2). Notably, no patient presented
with concurrent severe thrombocytopenia and se-
vere anaemia.

Patients with severe malaria showed significantly
higher PCT levels compared to uncomplicated
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Table 1 - Temporal Trends of severe and uncomplicated malaria (2016-2025).
Year Absolute number Severe Malaria, 95% Uncomplicated Malaria 95%
of malaria cases (N) n (%) CI (Severe) n (%) CI (Uncomplicated)

2016 11 1(9.1%) 0.2% —41.3% 10 (90.9%) 58.7% — 99.8%
2017 13 4 (30.8%) 9.1% — 61.4% 9 (69.2%) 38.6% —90.9%
2018 22 2 (9.1%) 1.1% — 29.2% 20 (90.9%) 70.8% — 98.9%
2019 19 4 (21.1%) 6.1% — 45.6% 15 (78.9%) 54.4% —93.9%
2020 3 0 (0.0%) 0.0% —70.8% 3 (100.0%) 29.2% —100.0%
2021 12 1 (8.3%) 0.2% — 38.5% 11 (91.7%) 61.5% —99.8%
2022 15 5 (33.3%) 11.8% — 61.6% 10 (66.7%) 38.4% — 88.2%
2023 10 1 (10.0%) 0.3% —44.5% 9 (90.0%) 55.5% —99.7%
2024 9 0 (0.0%) 0.0% — 33.6% 9 (100.0%) 66.4% — 100.0%
2025 10 6 (60.0%) 26.2% — 87.8% 4 (40.0%) 12.2% — 73.8%

Note: 95% Confidence Intervals (CI) were calculated using the Clopper-Pearson exact method. Percentages are calculated on the total number of

malaria cases diagnosed per year.
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cases (p= 0.016), as well as higher CRP levels (p=
0.039). Conversely, no significant difference was
observed in platelet count (p= 0.37).

To further investigate these findings and isolate
the independent drivers of severity, a multivaria-
ble logistic regression model was performed, in-
corporating age, immune status, diagnostic delay,
Plasmodium species, and inflammatory markers.
While CRP was associated with severity in the
univariate analysis, the multivariable model con-

Table 2 - Laboratory findings of imported malaria cases.

Laboratory parameters Blood values
Platelets?, mean (x10°/uL + SD) 125 + 80.87
Thrombocytopenia, n (%) 76 (68.47)
Severe (<30,000 platelets/uL) 4 (3.60)
?gé{go’glrg(igg(r)a;}atelets /uL) 72 ()
Haemoglobin®, mean (g/dL + SD) 12.53 +2.50
Anaemia, n (%) 23 (20.54)
Severe (<7 g/dL) 3 (2.68)
Mild-to-moderate (7-11 g/dL) 20 (17.86)
Parasitaemia¢, n (%)
<2% 85 (78.70)
2-5% 144 (12.96)
>5% 9(8.33)

Notes:

n =number of patients.

* Data were available for 111 patients.

® Data were available for 112 patients.

CCalculated for P. falciparum (critical threshold >2%).
4Four patients were potentially semi-immune.

firmed that only a parasitaemia threshold >2%
(aOR 8.44; 95% CI 2.41-29.58; p=0.001) and PCT
levels (aOR 1.23; 95% CI 1.06-1.42; p=0.007) re-
mained independent predictors of severe malaria
(Table 3). Following adjustment, CRP lost signifi-
cance (p=0.485), suggesting its elevation was likely
secondary to other factors rather than an inde-
pendent predictor. No significant independent as-
sociation was found for diagnostic delay or age. To
further refine triage decision-making, we calculat-
ed clinical performance metrics for both biomark-
ers. PCT demonstrated superior diagnostic accu-
racy compared to CRP, with an AUC of 0.84 (95%
CI 0.74-0.94) versus 0.73 (95% CI 0.61-0.85), re-
spectively. Using an optimal cut-off of >5.10 ng/
mL, PCT achieved a sensitivity of 84.6% and a
specificity of 78.3%. Importantly, the NPV for PCT
was 95.9%, indicating that levels below this thresh-
old effectively identify patients at low risk of se-
vere complications. In contrast, CRP at its optimal
cut-off (>12.0 mg/dL) showed lower sensitivity
(72.2%) and NPV (93.2%).

P. falciparum hyperparasitaemia was identified in
19 patients. However, 4 residents of endemic areas
with parasitaemia between 2% and 5% were ex-
cluded from this count, given their likely semi-im-
munity (Table 2). One patient reached a peak para-
sitaemia of 27%, while in another case, an extreme-
ly low parasitaemia (0.06%) was detected, a value
potentially influenced by concomitant severe
anaemia (Hb 1.7 g/dL). Regarding other severity
criteria: 1 patient was classified as having severe
malaria based on laboratory parameters (total bil-
irubin >3 mg/dL with 4.5% parasitaemia), 1 due

Table 3 - Multivariable logistic regression analysis of predictors for severe malaria (n=124).

Variable aOR 95% CI p-value
Parasitaemia > 2% 8.44 2.41-29.58 0.001
PCT 1.23 1.06-1.42 0.007
CRP 1.01 0.99-1.03 0.485
Age 1.04 0.99 -1.09 0.165
VER status (vs. other travellers) 0.72 0.21-251 0.605
Diagnostic delay (days) 1.06 0.89-1.25 0.542
P. falciparum (vs. others) 1.58 0.39-6.42 0.518

Notes: aOR, adjusted Odds Ratio; CI, confidence interval; PCT, procalcitonin; CRP, C-reactive protein; VFR, visiting friends and relatives.

The multivariable model was adjusted for all variables listed in the table: parasitaemia 2%, PCT, CRP, age, immune status (VFR vs. non-immune),
diagnostic delay (number of days from symptom onset to hospital admission), and Plasmodium species.

Bold p-values indicate statistical significance (p<0.05). An aOR >1 indicates an increased risk of severe malaria, while a 95% CI not including 1.00

confirms the statistical significance of the association.
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to acute renal failure (creatinine 3.5 mg/dL), and 2
due to haemoglobinuria, one of which occurred in
the only severe malaria episode caused by a
non-falciparum species (P. ovale). Finally, two pa-
tients progressed to CM.

First Case of CM

The first case dates back to 2017 and concerns a
5-year-and-6-day-old male (second-generation
VER), affected by HbS/B-thalassaemia compound
heterozygosity. He had returned the day before
from Ghana, where he had stayed for 1 month and
11 days without completing the antimalarial
prophylaxis course. The child had already been to
Ghana three years earlier. His medical history was
negative for previous malaria episodes, but in-
cluded numerous Emergency Department visits
and hospitalizations for acute pain involving the
bones, abdomen, and chest due to vaso-occlusive
crises often associated with fever, vomiting, rhin-
orrhea, and cough; no prior febrile seizures were
reported. He was on prophylactic antibiotic thera-
py with amoxicillin (5 mL twice daily). A few days
before leaving for Ghana, he had been hospital-
ized for a painful crisis and right-sided pneumo-
nia. At discharge, his Hb level was 7.8 g/dL.

The patient presented to the Emergency Depart-
ment due to jaundice that had been worsening for
one week, loss of appetite, cough, and an episode
of vomiting.

Upon physical examination, he was in fair general
condition, oppositional during the assessment.
Clinical findings included icteric sclerae and dark
skin with a jaundiced tint. Oral mucosae were
pale, and the tongue was coated. He was tachycar-
dic (135 bpm) with a low-grade fever (37.6°C) and
hypotensive (86/37 mmHg); a 2/6 mid-systolic
murmur was noted. Breath sounds were slightly
harsh, with good air entry and no frank adventi-
tious sounds (SpO, 96% on room air). The abdo-
men was soft and non-tender, with the spleen pal-
pable 1 cm below the costal margin and the liver
3-4 cm below the right costal margin. Tympanic
membranes were intact, no neck stiffness was not-
ed, and his weight was 19.2 kg. The child was ad-
mitted to the Paediatric ward.

Admission blood tests (Table 4) revealed severe
anaemia, marked inflammation, early dehydra-
tion, tissue hypoxia, and hepatic impairment. Mi-
croscopic observation of thin and thick blood
smears confirmed P. falciparum infection with 9.5%

Table 4 - Blood test results of the first patient on ad-
mission to the Emergency Department.

Laboratory parameters Blood z{alges Ref erence
on admission intervals
Leukocytes 18.88 x 10°/puL 5.50 - 15.50
Haemoglobin 4.0g/dL 11.5-13.5
Hematocrit 11.20% 34.0-40.0
Platelets 351 x 10°/uL 140 - 440
Sodium 134 mmol/L 135-145
Potassium Hesrslrﬁioylzed 35-5.0
Chloride 102 mmol/L 97 - 110
Glucose 115 mg/dL
Creatinine 0.60 mg/dL 0.20-1.20
ALT 151 U/L 6.0-78
Total Bilirubin 29.4 mg/dL 02-12
Direct Bilirubin 0.3 mg/dL 0.0-04
LDH Hemolysed 100 - 240
sample
Lactic Acid 4.57 mmol/L 09-2.0
C-reactive protein 8.4 mg/dL 0.0-0.5
Procalcitonin 10.76 pg/ L 0.02 - 0.05
lg’?s (a‘:;;:z;’ lood 7.35 7.32-7.42

parasitaemia. Blood cultures were negative. Man-
agement began with intravenous (IV) rehydration
(saline-glucose solution), a packed red blood cell
(pRBC) transfusion, and IV quinine (20 mg/kg
over 4 hours) under cardiac and glucose monitor-
ing, without side effects. Subsequently, albumin (1
g/kg) was administered, and fluid balance and
urine output monitoring were initiated. A chest
ultrasound showed a small right mid-apical con-
solidation, multiple B-lines, and bilateral pleural
effusion (<1 cm). IV antibiotic coverage was start-
ed (amoxicillin + clavulanic acid, 30 mg/kg per
dose every 8 hours). By the following morning,
parasitaemia had decreased to 3%, while Hb rose
to 7.3 g/dL; IV artesunate was then initiated (3
doses at 12-hour intervals).

In the afternoon, the patient’s condition deterio-
rated rapidly with tachypnea (up to 70 bpm) and
tachycardia (up to 210 bpm), though oxygen satu-
ration remained stable. During a high-grade fever
(up to 42°C) unresponsive to antipyretics, he expe-
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rienced an episode of generalized rigidity, loss of
consciousness, and head/eye deviation with men-
ingism (BCS score 0). The episode lasted over 5
minutes and resolved following administration of
IV diazepam. Upon regaining consciousness, the
child exhibited agitation and delirium, which re-
solved after administration of IV midazolam. The
temperature only decreased following oral admin-
istration of metamizole.

In the subsequent hours, clinical improvement
was observed, with the patient resuming self-feed-
ing and reactivity. He exhibited persistent cough-
ing fits and a markedly distended abdomen due to
meteorism and hepatosplenomegalia (confirmed
by ultrasound), in the absence of ascites. The next
day, due to a further drop in haemoglobin, a sec-
ond unit of pRBCs was transfused. The fundo-
scopic exam was negative. The cardiological eval-
uation revealed a mild pericardial effusion with-
out hemodynamic significance, probably second-
ary to the infectious process. Artesunate therapy
was subsequently transitioned to oral dihydroar-
temisinin/piperaquine for an additional 3 doses,
with daily parasitaemia monitoring. Parasitaemia
cleared by the final day of antimalarial treatment.
Jaundice progressively improved with a decrease
in bilirubin levels. Subsequent follow-up visits
showed no further abnormalities.

Second Case of CM

The second case occurred in 2022 and involved a
3-year-and-6-month-old male (second-generation
VFR). He had returned 5 days earlier from his first
trip to Africa (Burkina Faso), which lasted 2
months and 11 days, for which he had taken ma-
laria prophylaxis with mefloquine (Lariam) fairly
regularly. He had been febrile for two days and, on
the day of admission to the Emergency Depart-
ment, also presented with abdominal pain; no di-
arrhea or vomiting were reported. The patient was
admitted to the Paediatric ward. Upon presenta-
tion, he was alert, oriented, and eupneic, with
rhythmic cardiac activity. Vital signs were as fol-
lows: temperature 38°C, heart rate 114 bpm, blood
pressure 78/65 mmHg, and SpO, 97% on room air;
his weight was 16 kg. The abdomen was painful
and slightly tense, making the liver and spleen dif-
ficult to palpate; urine output was adequate. No
jaundice, seizures, or motor deficits were ob-
served. Pharyngeal and tympanic membrane ex-
aminations were unremarkable.

Laboratory tests (Table 5) revealed mild anaemia,
thrombocytopenia, hyponatraemia, and elevated
markers of hepatic cytolysis, cholestasis, and sys-
temic inflammation. Urinalysis was negative for
leukocytes and bacteria; a third-generation COV-
ID-19 antigen swab was negative. Blood cultures
were also negative. Parasitaemia was 12.6%. The
electrocardiogram showed no abnormalities.
Treatment was initiated with IV artesunate (2 dos-
es 12 hours apart), IV amoxicillin-clavulanic acid,
and rehydration with 0.9% saline and 5% glucose.
Fever persisted, responding only temporarily to
oral antipyretics.

On the second day, the patient developed trismus
with altered consciousness and fixed pupils; he
was responsive only to painful stimuli and pre-
sented with staring eyes (BCS score 2), in the ab-
sence of respiratory distress (SpO, >98%, blood
pressure 97/76 mmHg, blood glucose 84 mg/dL).
Brain CT scan showed no significant abnormali-
ties. Fundoscopic examination revealed retinal
haemorrhage. An initial recovery of the pupillary
light reflex was observed; however, after 30 min-

Table 5 - Blood test results of the second patient on
admission to the Emergency Department.

Laboratory parameters Blood v.uhfes Ref erence
on admission intervals
Leukocytes 9.87 x 10°/uL 5.50 - 15.50
Haemoglobin 10.5 g/dL 11.5-13.5
Hematocrit 31.10% 34.0-40.0
Platelets 72 x 103/puL 140 - 440
Sodium 132 mmol /L 135-145
Potassium 4.4 mmol/L 3.5-5.0
Chloride 96 mmol /L 98 - 109
Glucose 75 mg/dL
Creatinine 0.42 mg/dL 0.20-1.20
ALT 152 U/L 6.0-78
AST 280 U/L 3.0-40
Total Bilirubin 3.0mg/dL 02-1.2
Direct Bilirubin 1.0 mg/dL 0.0-04
LDH 597 U/L 90 - 240
C-reactive protein 13.9 mg/dL 0.0-0.5
Procalcitonin 7.89 ng /L 0.02 - 0.05
gi S:;;;Ss)b lood 7.33 7.32-7.42
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utes, trismus and upper limb rigidity recurred,
requiring the administration of 10 mg of rectal di-
azepam, which provided relief.

The patient remained lethargic, maintaining SpO,
98% on room air and blood pressure 97/76 mmHg;
body temperature was 37.1°C. He was transferred
to the Paediatric Intensive Care Unit (ICU) at the
Burlo Garofalo Specialized Paediatric Hospital in
Trieste (Italy) due to severe P. falciparum malaria
(12% parasitaemia and hyperbilirubinaemia) com-
plicated by neurological manifestations, including
altered sensorium and suspected recurrent focal
seizures. During his ICU stay, the child began an-
tiepileptic therapy with levetiracetam after an elec-
troencephalogram (EEG) showed signs compatible
with cerebral distress. IV artesunate was continued
and subsequently shifted to oral therapy with di-
hydroartemisinin/piperaquine (320/40 mg),
which was suspended once parasitaemia cleared.
No further seizures occurred, and the EEG pattern
progressively improved. Ten days after admission,
the child was discharged on levetiracetam thera-
py- Follow-up visits showed no abnormalities, and
the antiepileptic therapy was gradually tapered.

B DISCUSSION

The temporal distribution of malaria episodes var-
ied during the 20162025, peaking in 2018 (17.6%).
Case numbers pre- and post-COVID-19 pandemic
appeared almost symmetrical, although they re-
mained lower in recent years. The pandemic-relat-
ed reduction was likely multifactorial, driven by
stringent travel restrictions, limited healthcare ac-
cess, and potential underdiagnosis due to symp-
tom overlap with SARS-CoV-2.

Most infections (88.71%) were caused by P. falci-
parum among VFRs returning from West Africa,
particularly Burkina Faso. This pattern reflects
high regional endemicity of the parasite and poor
chemoprophylaxis adherence due to risk misper-
ception among these travellers. Furthermore, it
confirms that childhood-acquired immunity
wanes after years of residence in malaria-free are-
as, leaving VFRs susceptible to severe disease
upon their return to endemic regions [14]. Our
data (available for 67% of patients) show im-
proved prophylaxis awareness compared to the
previous decade; however, the high treatment in-
terruption rate suggests the need for better educa-
tion on complete adherence [15].

Severe presentations varied throughout the dec-
ade, being recorded in all but two years. Remark-
ably, after a total absence in 2024, a surge occurred
in 2025, including the study’s highest parasitae-
mia (27%). This unpredictable spike warrants vig-
ilance and likely results from a combination of
factors: waning immunity, delayed diagnosis due
to late health-seeking behavior, potential spread of
drug-resistant P. falciparum strains in West Africa,
and shifting travel patterns, such as longer stays in
endemic regions. Analysis of PCT and CRP con-
centrations revealed significantly higher levels in
severe cases aligning with previous reports [16,
17]. However, our multivariable model refined
this observation, identifying only PCT as a signif-
icant independent predictor of severity in our co-
hort. While CRP is a sensitive but non-specific in-
dicator of inflammation, its loss of significance
after adjustment suggests that its elevation in se-
vere cases is likely a secondary reflection of the
overall parasite burden and systemic response. In
contrast, PCT offers a more robust and independ-
ent signal of clinical deterioration. Furthermore,
platelet count showed no significant differences
between the two groups, reflecting the ongoing
debate regarding its prognostic value [18, 19]. In
summary, although CRP and thrombocytopenia
are frequent in malaria, they act as general infec-
tion markers rather than specific severity predic-
tors. Conversely, PCT achieved a robust AUC
(0.84), reinforcing its role as the sole independent
predictor in our multivariable model. Clinically,
PCT and CRP offer rapid turnaround times (< 2
hours); however, while CRP is more cost-effective,
it remains a suboptimal severity predictor. In con-
trast, the superior predictive value of PCT justifies
its use to expedite high-risk patient care, especial-
ly when initial parasitaemia is low. These findings
concord with previous Italian and European co-
horts — including France, the Netherlands and
Germany - where PCT demonstrated high diag-
nostic accuracy for severe malaria [20-24]. Such
consistency supports the generalizability of PCT
as a reliable tool for non-immune patients in
non-endemic contexts. Nevertheless, these results
represent strong associations that warrant further
confirmation in larger, prospectively validated co-
horts.

The most relevant metric for triage is the NPV
(95.9% at 5.10 ng/mL), suggesting PCT could ef-
fectively identify low-risk patients, streamlining
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Emergency Department decisions and prioritizing
resources for those requiring aggressive manage-
ment. This is vital in European acute-care settings,
where managing imported malaria in non-im-
mune travellers is recurrent and early risk stratifi-
cation is crucial to prevent rapid clinical deteriora-
tion. Integrating PCT into diagnostic protocols
would enable more structured pathways, facilitat-
ing prompt identification of high-risk individuals
while avoiding unnecessary ICU admissions for
low-risk cases.

It is well established that severe malaria is pre-
dominantly caused by P. falciparum, which can
lead to multi-organ complications. The severity of
P. falciparum infection is driven by PfEMP1-medi-
ated cytoadherence and “rosetting”, which causes
microvascular obstruction, particularly in the
brain [25]. Such sequestration impairs microcircu-
lation and triggers cytokine release responsible for
symptoms. This mechanism, controlled by wvar
genes, allows the parasite to evade host immune
responses through continuous antigenic variation
[25-27].

Clinically, these processes lead to manifestations
defined by established criteria for severe malaria,
including high P. falciparum parasitaemia, acidosis,
severe anaemia, shock, pulmonary oedema, acute
respiratory distress syndrome, acute kidney inju-
ry, abnormal bleeding, disseminated intravascular
coagulation, or neurological involvement such as
altered consciousness and seizures, which signifi-
cantly increase mortality risk, as seen in CM [28].
In our cohort of 24 severe malaria cases, hyperpar-
asitaemia was the primary severity marker, often
complicated by severe anaemia, renal failure, and
haemoglobinuria. Notably, two patients pro-
gressed to CM. Both - one of whom had
HbS/B-thalassaemia compound heterozygosity -
presented to the Emergency Department with
non-specific symptoms: jaundice and low-grade
fever in the first patient, and fever and abdominal
pain in the second. In line with previous studies,
this observation underscores that mild initial
symptoms cannot rule out CM [8, 29-31]. Our pa-
tients developed neurological signs, specifically
epileptic seizures, after admission. While common
in children, such seizures in severe malaria should
be considered indicators of direct cerebral involve-
ment rather than mere febrile seizures [6, 32]. Neu-
rological dysfunction and seizures are in fact at-
tributable to hypoxic damage induced by the se-

questration of parasitized cells in the cerebral mi-
crocirculation, as well as to direct axonal injury
caused by malarial pigments and neurotoxic cy-
tokine release [5]. Importantly, neither patient pre-
sented with hypoglycaemia or acidosis, which are
frequent in paediatric CM [33]. Low blood glucose
at admission is among the earliest prognostic bio-
markers identified in paediatric malaria [8]. Many
clinical models for assessing the risk of severe ma-
laria, neurological sequelae, and mortality include
hypoglycaemia (typically < 2.2 mmol/L or < 40
mg/dL) as a key predictive parameter [34, 35].
Our patients maintained stable glucose levels
throughout their hospitalization; while this aligns
with their favorable outcomes, it emphasizes that
severe malaria does not invariably present with
hypoglycaemia, highlighting the clinical heteroge-
neity of severe forms of this parasitosis.

Regarding retinal alterations, a previous study
identified retinal pallor as the most frequent ab-
normality, whereas retinal haemorrhage - ob-
served in one of our patients - was less common
[36]. Brain CT scan, performed on only one of the
two children, was unremarkable with no evidence
of cerebral oedema. Indeed, CM is not always as-
sociated with neuroimaging alterations [37, 38],
confirming the wide clinical spectrum of P. falci-
parum-induced cerebral damage and its diverse
modes of presentation; notably, cerebral oedema
typically correlates with fatal CM outcomes [39,
40]. The pulmonary consolidation in the first pa-
tient, given the negative microbiology, was likely
attributable to fat embolism, a recognized cause of
acute chest syndrome in children with HbS [41].
Overall, the progression to CM in these two pa-
tients likely resulted from a combination of de-
layed diagnosis due to the initial non-specific
symptoms and high parasitaemia. Both children
were successfully treated with IV artesunate,
which led to a full clinical recovery without neuro-
logical sequelae. The shift from initial quinine in
2017 to direct IV artesunate in 2022 reflects the
evolution of local protocols toward international
gold standards. While this demonstrates im-
proved clinical alignment, immediate access to
artesunate remains a logistical challenge in some
non-endemic hospitals. These cases highlight the
paramount importance of early recognition: clini-
cians must maintain a high index of suspicion for
malaria in any febrile child returning from endem-
ic areas. Furthermore, prompt parenteral treat-
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ment and vigilant monitoring for metabolic com-
plications are essential to ensure positive out-
comes and prevent long-term disability. Indeed,
our study suggests that the non-specific nature of
clinical and laboratory presentations makes the
early recognition of CM challenging. This sup-
ports previous observations regarding the high
heterogeneity of cerebral manifestations, which
do not always strictly meet WHO criteria, leading
to a risk of CM underdiagnosis [30, 31, 37, 43, 44].
Therefore, identifying reliable biomarkers is pivot-
al for early risk stratification and effective triage of
travellers returning from endemic areas. Beyond
biochemical markers, current scientific efforts are
focused on developing rapid prognostic tools,
such as molecular tests targeting short, semi-con-
served sequences like the DC8 or DC13 domains
of var genes, which are closely associated with se-
vere malaria in children and, specifically, with
CM,; serological tests for cerebral autoantibodies,
or antibodies against PfEMP1 variants; assays
measuring HRP2 levels to identify patients at
higher risk of progression to CM, and tests that
quantify host markers, such as Angiopoietin-2, for
early detection of the extent of endothelial dys-
function within the cerebral microcirculation [44-
48]. The combined use of these rapid diagnostic
tools could make it possible to assess the risk of
CM before the onset of neurological symptoms.
However, while these specialised targets represent
promising future directions, our findings demon-
strate that readily available markers like PCT can
already provide high-accuracy support for clinical
triage. To illustrate these analytic conclusions in a
real-world context, we have included two cases of
paediatric CM as supportive exemplars. Rather
than driving the statistical findings, these clinical
narratives serve to visualize how the integration
of PCT and early risk stratification can practically
assist clinicians during the diagnostic dilemma of
severe imported malaria. Finally, our experience
underscores that CM should be carefully consid-
ered even in children with HbS trait or HbS/-thal-
assaemia, despite the well-documented protection
associated with these haemoglobinopathies [49-
52]. The patient with HbS/B-thalassaemia had a
less severe course, requiring neither prolonged
antiepileptics nor ICU transfer, despite worse ini-
tial laboratory findings. However, severe malaria
in this patient is noteworthy, as HbS/p-thalassae-
mia theoretically confers a 90% reduction in risk

by limiting cytoadherence and enhancing immune
tolerance [3, 53-55]. On the other hand, clinical
variability in HbS heterozygotes underlines that
host genetic background, pre-existing humoral
immunity, and regional environmental factors sig-
nificantly modulate the protective effects of HbS
[53, 56]. Interestingly, studies in East India have
shown that sickle cell trait carriers can remain sus-
ceptible to severe and fatal malaria at rates compa-
rable to those of individuals with normal haemo-
globin [57]. In agreement with Assohun ES et al.
[58], our findings emphasize the importance of
identifying genetic variants associated with the
sickle cell trait, reinforcing the concept that the pa-
tient’s haemoglobin profile shapes the genetic ad-
aptation of P. falciparum. It is also noteworthy that
the patient was over 5 years of age. While litera-
ture identifies 5 years as the upper limit for maxi-
mum CM susceptibility in endemic areas [2, 3],
our case suggests the importance of extending
clinical attention beyond this threshold in non-im-
mune subjects. In these patients, the absence of
acquired immune memory negates age-related
protection. This study has some limitations. Its ret-
rospective, single-centre design may have intro-
duced selection bias and limited the ability to es-
tablish causality. Despite multivariable adjust-
ment, residual confounding cannot be excluded,
and missing clinical data required a complete-case
analysis, potentially affecting subgroup statistical
power. Furthermore, the lack of internal valida-
tion (e.g., bootstrapping) indicates these findings
remain exploratory. Nevertheless, our results re-
flect broader European trends, though their gener-
alizability to different healthcare settings requires
caution. Future research should focus on prospec-
tive, multicenter validation across other non-en-
demic contexts, standardizing data collection (e.g.,
PCT/CRP levels, parasite density, and WHO se-
verity criteria) to confirm the reproducibility of
our observations, particularly the predictive accu-
racy of PCT for severe manifestations and its im-
pact on clinical outcomes, such as time to treat-
ment and hospital stay.

In conclusion, our decade-long analysis reveals
that imported malaria continues to represent a sig-
nificant public health concern in Italy. The variable
trend of severe cases, including an alarming resur-
gence in 2025, highlight the difficulty of statistical
projection and, hence, the need for continuous
surveillance and preventive measures for travel-
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lers, especially those of pre-school and school age.
While both PCT and CRP levels were elevated in
severe malaria, our multivariable analysis identi-
fied PCT as the more reliable independent predic-
tor of clinical severity, whereas CRP and platelet
count did not demonstrate significant prognostic
value in our cohort. Combined with parasitaemia,
which remains a cornerstone of assessment, PCT
emerges as a robust tool for the early recognition
of high-risk patients and should be prioritized in
the initial triage; a high PCT level at admission
should serve as a “red flag” to guide immediate
clinical decisions, even when symptoms are mis-
leadingly mild. The occurrence of two paediatric
CM cases underscores that life-threatening com-
plications persist as a tangible risk in non-endemic
settings, highlighting the paramount importance
of early recognition as diagnosis is often hindered
by non-specific presentations. Consequently,
maintaining a high index of clinical suspicion and
implementing systematic risk stratification are es-
sential. For clinicians, the prompt initiation of par-
enteral treatment and vigilant monitoring are cru-
cial to ensure favorable outcomes and prevent
long-term disability. Ultimately, these findings
emphasize the importance of incorporating novel
rapid prognostic tools into clinical practice and the
need to update current guidelines with parame-
ters that better reflect the heightened susceptibility
of non-immune individuals, ensuring safer and
more efficient triage in malaria-free regions.
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