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ABSTRACT
Objective The World Health Organization (WHO)
severity criteria for paediatric Plasmodium falciparum (Pf )
malaria are based on studies in countries of endemic
malaria. The relevance of these criteria for other countries
remains unclear. We assessed the relevance of these
criteria in an industrialised country.
Design Retrospective case-control study.
Setting Eight French university hospitals, from 2006 to
2012.
Patients Children with Pf malaria admitted to paediatric
intensive care units (cases: n=55) or paediatric emergency
departments (controls: n=110).
Main outcome measures Descriptive analysis of
WHO severity criteria and major interventions (mechanical
ventilation, blood transfusion, fluid challenge, treatment
of cerebral oedema, renal replacement therapy).
Thresholds were set by receiver operating characteristics
curve analysis.
Results Altered consciousness (71% vs 5%), shock
(24% vs 1%), renal failure (20% vs 1%), anaemia
<50 g/L (7% vs 2%), acidosis (38% vs 0%), bilirubin
level >50 mmol/L (25% vs 8%) and parasitaemia >10%
(30% vs 8%) were more frequent in cases (p<0.01). All
these criteria were associated with major interventions
(p<0.001). Respiratory distress (six cases), and
hypoglycaemia (two cases) were infrequent.
Thrombocytopenia <50 000/mm3 (46% vs 7%) and
anaemia (haemoglobin concentration <70 g/L (41% vs
13%)) were more frequent in cases (p<0.0001).
Conclusions The WHO severity criteria for paediatric
Pf malaria are relevant for countries without endemic
malaria. The infrequent but severe complications also
provide a timely reminder of the morbidity and mortality
associated with this condition worldwide. In non-endemic
countries haemoglobin <70 g/L and platelet count
<50 000/mm3 could be used as additional criteria to
identify children needing high level of care.

INTRODUCTION
Plasmodium falciparum (Pf) malaria is a major
international health problem. It can be severe and
associated with high mortality.1 Despite a 25%
decrease in mortality over the last decade, World
Health Organization (WHO) has reported 216
million cases of malaria and 655 000 deaths from
malaria annually worldwide, mostly related to Pf;2

91% of the deaths occurred in Africa and 86% of
these deaths were in children under the age of
5 years. France is the industrialised country most
affected by imported Pf malaria: in 2011, 4000

cases were reported, 13.2% in children under the
age of 15 years.3 4

The severity of Pf malaria in children is assessed
with the WHO severity criteria of 1990, as revised
in 2000.5 These criteria are designed to alert clini-
cians to particularly severe cases and to guide treat-
ment according to the level of care available.5

These criteria are essentially based on findings
obtained in areas in which malaria is endemic
(table 1).5 The relevance of these criteria to adult
cases in countries in which malaria is not endemic
was recently assessed,4 but little is known about
their relevance for children requiring malaria care
in industrialised countries in which this disease is
not endemic.3 6–8

The main objective of this retrospective study
was to assess the relevance of WHO severity cri-
teria for children hospitalised for Pf malaria in
France, a country in which malaria is not endemic.

METHODS
Study design
Eight paediatric intensive care units (PICUs) and
eight paediatric emergency departments from eight

What is already known on this topic?

▸ Plasmodium falciparum is responsible for
severe cases of imported malaria in children,
some requiring intensive care in industrialised
countries.

▸ The World Health Organization (WHO) severity
criteria for paediatric Plasmodium falciparum
malaria are based on studies performed in
countries in which malaria is endemic.

What this study adds?

▸ The World Health Organization (WHO) severity
criteria appear to be relevant to imported
paediatric Plasmodium falciparum malaria:
most children admitted to intensive care units
had neurological complications.

▸ In non-endemic countries haemoglobin <70 g/L
and platelet count <50 000/mm3 could be used
as additional criteria to identify children
needing high level of care.
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French university hospitals participated in this national retro-
spective case-control study. These hospitals admit most of the
French paediatric Pf malaria cases.3 All children admitted to
PICUs for imported Pf malaria between January 2006 and
December 2012 were included as cases.

Inclusion criteria and definitions
The inclusion criteria for cases were: (1) PICU admission, (2)
laboratory-confirmed malaria and (3) age under 18 years. Each
case was matched with two controls: the two previous patients
with paediatric Pf malaria admitted to the paediatric emergency
department of the same hospital immediately before the case.
Thus, only two criteria were used to match cases and controls:
centre and disease. Pf malaria was defined as fever associated with
the presence of asexual Pf forms in the blood. Severity was
assessed with the 2000 revision of the WHO severity criteria.5

According to WHO guidelines (2012 and 2015), hyperparasitae-
mia >10% and a bilirubin concentration >50 mmol/L are severity
criteria, and an age <3 years is associated with poor prognosis.1 9

WHO also defined haemoglobin concentration <50 g/L as a
severity criterion.1 5 However, a threshold of 70 g/L is recom-
mended for blood transfusion in low-transmission settings.1 9

We tested both thresholds. Circulatory collapse was defined as a
combination of hypotension (systolic blood pressure
<80 mm Hg for children over 5 years of age and <60 mm Hg
for children under 5 years of age) and poor perfusion (cool per-
ipheries, prolonged capillary refill time: eg, >3 s, and a rapid,
feeble pulse).5 9 We also assessed thrombocytopenia, which is
known to be associated with severe anaemia.9 Severity was
assessed by counting deaths and major interventions, defined as
the transfusion of blood products, including red blood cells and
platelets, fluid challenge, catecholamine infusion, mechanical
ventilation, treatment of cerebral oedema with hypertonic man-
nitol or an intracranial monitoring device, and renal replace-
ment therapy.

Data collection
Cases and controls were ascertained by the diagnostic codes
in the medical and administrative database of the French

hospital system (Programme de médicalisation des systèmes d’in-
formation), which uses the 10th International Classification of
Diseases,10 and laboratory databases. For each patient, medical
history (current and past conditions), sociodemographic data,
clinical and laboratory findings were collected retrospectively
from medical charts, on a standardised case report form.
Disease progression and treatment were also recorded.

Analysis
We first compared cases and controls. We then compared
groups of patients with and without major interventions. We
assessed the relevance of WHO severity criteria by determining
whether they were associated with at least one major interven-
tion being performed. We also assessed the relevance of
anaemia and thrombocytopenia thresholds by determining
whether they were associated with at least one major interven-
tion being performed and/or with any other WHO severity cri-
teria (excluding anaemia and blood product transfusion). A
descriptive analysis was performed. Continuous variables were
described with medians and IQRs (medians (first; third quar-
tile)), or means and SDs (mean±SD) for variables with a
Gaussian distribution. χ2 test and Fisher’s exact tests were used
to analyse categorical variables and Wilcoxon rank sum tests
were used for continuous data, as appropriate. We considered p
values <0.05 to be statistically significant. If the observed rate
for controls was 0, we calculated an approximate OR by adding
0.5 to each cell.11 Thrombocytopenia was analysed dichotom-
ously after setting a relevant threshold by screening sensitivity-
specificity pairs by receiver operating characteristics (ROC)
curve analysis. Missing data were not imputed. Statistical ana-
lyses were performed with Stata V.11.2 software (STATA,
College Station, Texas, USA).

RESULTS
We included 165 children with imported Pf malaria: 55 cases
and 110 controls.

General characteristics
General characteristics at admission are presented in table 2.

The proportion of children under 3 years of age did not
differ significantly between groups (cases 25% vs controls 18%,
p=0.28). Most patients in both groups were born in France
(cases 86% vs controls 88%). All cases of Pf malaria were
acquired in sub-Saharan Africa, including four cases from the
islands of Comoros and Madagascar. Previous imported disease
following overseas travel was recorded for 9 cases (malaria in 6
cases) and 16 controls (malaria in 14 cases). Appropriate anti-
malarial prophylaxis with good compliance was reported for
very few patients in each group (table 2).

WHO severity criteria for cases and controls
WHO severity criteria by group (cases vs controls) are presented
in table 3.

Twelve patients with neurological disorders had Glasgow
coma scores <11, nine had seizures and three had cerebral
oedema. The neurological disorder necessitated mechanical ven-
tilation in seven patients. Brain imaging was performed for nine
cases (CT scans in five and MRI in four) and two controls (one
CT scan and one MRI). During hospitalisation, 19 cases suffered
circulatory collapse and underwent fluid challenge; 6 required
catecholamine infusion.

All cases of acute renal failure resolved quickly and none
required renal replacement therapy.12 Other WHO severity

Table 1 WHO severity criteria for children3

WHO severity criteria, 2000 Frequency* Prognosis*

Coma (GCS<11)—impaired consciousness
(GCS<15)/prostration

+++ +++/+

Seizure +++ +
Respiratory distress +++ +++
Jaundice +++ ++
Circulatory collapse + +++
Abnormal bleeding ± +++
Pulmonary oedema ± +++
Haemoglobinuria ± +
Renal failure + ++
Hypoglycaemia (<2.2 mmol/L) +++ +++
Acidosis† +++ +++
Severe anaemia (Hb<50 g/L) +++ +
Hyperlactataemia (>5 mmol/L) ++ +++
Hyperparasitaemia (≥4% non-immune subject) + ±

*On a scale from ±(low frequency or of low prognostic value for a poor prognosis) to
+++ (high frequency or of high prognostic value for a poor prognosis).5

†Acidosis is defined as HCO3
− concentration <15 mmol/L and/or base excess >−10

and/or pH <7.35.
GCS, Glasgow Coma Score.
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criteria, such as respiratory distress, hypoglycaemia and coagula-
tion disorders, were infrequent among both cases and controls
(table 3). Haemoglobin concentration was rarely below 50 g/L,
in either group (cases 9% vs controls 1%), but frequently below
70 g/L (cases 41% vs controls 13%).

The ROC curve of platelet levels in cases and controls had an
inflexion point at 50 000/mm3, with a sensitivity of 48% and a
specificity of 91% (see online supplementary file 1).
Thrombocytopenia, defined by a threshold of 50 000 platelets/
mm3, was more frequent in cases than in controls (47% vs 7%;
table 3).

Management and course of falciparum malaria
Numbers and types of major interventions in each group are
reported in table 4.

More cases than controls required at least one major interven-
tion (62% vs 10%; p<0.0001). Mechanical ventilation was
required for a neurological indication in 7 of the 10 cases; there
were 18 red blood cell transfusions and 6 platelet transfusions.
Eleven controls underwent red blood cell transfusion, with add-
itional fluid challenge in one patient.

No major intervention was performed in 21 cases on PICU
(38%), including 14 with impaired consciousness admitted for

Table 2 General characteristics of 165 children admitted with Plasmodium falciparum malaria

Characteristics Cases (n=55) Controls (n=110) p Value

Boys, n (%) 29/55 (52.7%) 65/110 (59.1%) 0.44*
Age (months), median (IQR) 94 (33–147) 87 (39–134) 0.96
Infants (<3 years old), n (%) 14/55 (25.5%) 20/110 (18.2%) 0.28*
Born in countries with endemic malaria, n (%) 8/55 (14.5%) 13/110 (11.8%) 0.63*
Duration of overseas travel (days), median (IQR) (missing data n=16) 46 (29–90) 51 (31–62) 0.96†
Duration of symptoms before admission (days), median (IQR) (missing data n=27) 4 (2–6) 2 (1–5) 0.04†
Antimalarial chemoprophylaxis, n (%) 0.40‡

Appropriate 3/52 (5.8%) 10/104 (9.6%)
Inappropriate and/or low compliance 22/52 (42.3%) 53/104 (51.0%)
None 27/52 (51.9%) 43/104 (41.4%)

Duration of PICU stay (days), median (IQR) 2 (1–3) –

Duration of hospital stay (days), median (IQR) 6 (4–7) 1 (0–2) <0.01†

Cases: Children hospitalised in paediatric intensive care units (PICUs); Controls: Children not hospitalised in PICUs.
*χ2 test.
†Wilcoxon rank sum test.
‡Fisher’s exact test.

Table 3 WHO severity criteria in 165 children with imported falciparum malaria

Characteristics Cases (n=55) Controls (n=110) OR (95% CI)* p Value*

WHO characteristics
Impaired consciousness (GCS<15) 39/55 (70.9%) 5/110 (4.5%) 51 (18 to 149) <0.0001
Seizure 9/55 (16.4%) 0/110 (0%) 45 (2.6 to 792)† <0.0001
Circulatory collapse 13/55 (23.6%) 1/110 (0.9%) 34 (4.0 to 266) <0.0001
Respiratory distress 4/55 (7.3%) 2/110 (1.8%) 4.2 (0.8 to 24) 0.08
Coagulation disorders 2/55 (3.5%) 1/110 (0.9%) 4.1 (0.4 to 46) 0.21
Jaundice 8/55 (14.6%) 14/110 (12.7%) 1.2 (0.5 to 3.0) 0.75
Renal failure 11/55 (20.0%) 1/110 (0.9%) 27 (3.4 to 217) <0.0001
Haemoglobinuria 6/55 (10.9%) 3/110 (2.7%) 4.4 (1.0 to 18) 0.03
Hypoglycaemia (<2.2 mmol/L) 2/49 (4.1%) 0/67 (0%) 7.1 (0.3 to 151)† 0.10
Anaemia (<50 g/L) 4/54 (7.4%) 2/101 (2.0%) 4.0 (0.7 to 22) 0.01
Parasitaemia (> 10%) 15/50 (30.0%) 8/98 (8.2%) 4.8 (1.9 to 12) <0.001
Acidosis‡ 18/47 (38.3%) 0/79 (0%) 100 (5.8 to 1708)† <0.0001
Hyperlactataemia >5 mmol/L 5/29 (17.2%) 0/3 (0%) 1.6 (0.1 to 35)† 0.43
Bilirubin concentration >50 mmol/L 10/40 (25.0%) 5/65 (7.7%) 4 (1.3 to 13) 0.01
Additional characteristics
Anaemia (<70 g/L) 22/54 (40.7%) 13/101 (12.9%) 4.7 (2.1 to 10) <0.0001

Thrombocytopenia (<50 000 platelets/mm3) 25/54 (46.3%) 7/102 (6.9%) 11.7 (4.6 to 30) <0.0001
C reactive protein (mg/L), mean±SD 126±78 67±53 <0.0001§
White cell counts (cells/mm3), mean±SD 10.5±8.3 7.6±3.1 0.06§
Neutrophil counts (cells/mm3) mean±SD 5.7±3.9 4.3±2.2 0.04§

Cases: Children hospitalised in paediatric intensive care units (PICUs); Controls: Children not hospitalised in PICUs.
*Fisher’s exact test.
†An approximate OR was calculated by adding 0.5 to each cell.
‡Acidosis was defined as HCO3

− concentration <15 mmol/L and/or base excess >−10 and/or pH <7.35.
§Wilcoxon rank sum test.
GCS, Glasgow Coma Scale.
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neurological monitoring only. Four of the seven remaining cases
were admitted to the PICU for intravenous quinine administra-
tion, as the oral route was not available. For the other three
cases (5%), we were unable to identify a major intervention or
organ dysfunction justifying PICU admission.

No deaths occurred. Sequelae were observed in four cases:
toe ischaemia, postencephalitic coma, pyramidal hypertonia
and focal segmental glomerulosclerosis. Intravenous treatment
was administered to 49 cases (89%): 45 received intravenous
quinine and 4 intravenous artesunate.

Concomitant bacterial infections were diagnosed in three
(5%) cases (meningitis in one patient and pneumonia in two)
and seven (6%) controls (pyelonephritis in one, pneumonia in
two and skin infections in four). Empirical antibiotic treatment
was prescribed in 23 (42%) cases and 10 (9%) controls.

Assessment of WHO severity criteria on the basis of the
major intervention performed
At least one major intervention was performed in 45 (27%)
patients, including 34 cases. Assessments of WHO severity cri-
teria in patients undergoing major intervention are reported in
table 5. Impaired consciousness, haemodynamic disorders, renal
failure, anaemia (haemoglobin <70 g/L) and thrombocytopenia
(<50 000 platelets/mm3) were frequent and strongly associated
with major interventions.

We also compared patients with severe disease, defined as
symptoms or signs from the WHO severity criteria (excluding
anaemia) and patients undergoing any major intervention
(excluding blood product transfusion). Fifty-seven of the 165
patients included fulfilled this definition (cases 46/55 (83.6%)
and controls 11/110 (10%); χ2 test p<0.0001). Analysis of the
association of haemoglobin, platelet and parasitaemia levels
with major interventions (excluding blood product transfusion)
and/or severity signs (excluding anaemia) showed that severe
malaria was strongly associated with anaemia <70 g/L (18/54
(33.3%) vs 17/101 (16.8%), p=0.02), thrombocytopenia <50
000 platelets/mm3 (26/55 (47.3%) vs 6/101 (5.9%), p<0.0001),
parasitaemia > 10% (15/52 (28.9%) vs 8/96 (8.3%), p<0.001)
(see online supplementary table S1). Furthermore, blood
product transfusion rates increased with decreasing haemoglobin
concentration (mean: 65 g/L (SD±0.40) vs 10.1 (SD±0.18),
Wilcoxon rank sum test p<0.0001) and platelet levels (mean:
92 platelets/mm3 (SD±19) vs 159 (SD±13), Wilcoxon rank sum
test p<0.0001) (see online supplementary table S2).

DISCUSSION
This multicentre study on paediatric imported Pf malaria
describes the frequency with which the 2005 WHO severity cri-
teria5 and those of subsequent revisions1 9 were met, and their
relevance. This is the largest study to date of paediatric cases
admitted to PICUs for Pf malaria in an industrialised country in

Table 4 Major interventions in 165 children with imported
falciparum malaria

n (%) Cases (n=55) Controls (n=110) p Value*

Mechanical ventilation 10/55 (18.2%) 0/110 (0%) <0.0001
Fluid challenge 19/55 (34.6%) 1/110 (0.9%) <0.0001
Catecholamine infusion 6/55 (10.9%) 0/110 (0%) <0.001
Blood product transfusion 23/55 (41.8%) 11/110 (10%) <0.0001
Treatment of cerebral oedema 3/55 (5.5%) 0/110 (0%) 0.04
Renal replacement therapy 0/55 (0%) 0/110 (0%) –

Number of major interventions performed
0 21/55 (38.2%) 99/110 (90.0%)
1 20/55 (36.4%) 10/110 (9.1%)
2 7/55 (12.7%) 1/110 (0.9%)

At least 3 7/55 (12.7%) 0/110 (0%)

Cases: Children hospitalised in paediatric intensive care units (PICUs); Controls:
Children not hospitalised in PICUs.
*Fisher’s exact test.

Table 5 WHO severity criteria in patients with and without major interventions in165 children with imported falciparum malaria

Characteristics, n (%)
≥1 Major
interventions (n=45)

0 Major
intervention (n=120)

OR
(95% CI)* p Value*

WHO characteristics
Impaired consciousness (GCS<15) 27/45 (60.0%) 17/120 (14.2%) 9.1 (3.9 to 21.5) <0.0001
Seizure 5/45 (11.1%) 4/120 (3.4%) 3.6 (0.9 to 14.2) 0.05
Circulatory collapse 14/45 (31.1%) 0/120 (0%) 111 (6.4 to 1911)† <0.0001
Respiratory distress 4/45 (8.9%) 2/119 (1.7%) 5.7 (1.0 to 32.6) 0.27
Coagulation disorders 2/45 (4.4%) 1/120 (0.8%) 5.5 (0.5 to 62.6) 0.12
Jaundice 12/45 (26.7%) 10/120 (8.3%) 4.0 (1.6 to 10.1) <0.01
Renal failure 10/45 (22.2%) 2/120 (1.7%) 16.9 (3.5 to 80.6) <0.0001
Haemoglobinuria 5/45 (11.1%) 4/120 (3.4%) 3.6 (0.9 to 14.2) 0.05
Hypoglycaemia (<2.2 mmol/L) 2/39 (5.1%) 0/77 (0%) 10 (0.5 to 221)† 0.05
Anaemia (<50 g/L) 6/45 (13.3%) 0/110 (0%) 36 (2 to 661)† <0.0001
Parasitaemia (>10%) 14/43 (32.6%) 9/105 (8.6%) 5.1 (2.0 to 13.1) <0.001
Acidosis‡ 14/41 (34.2%) 4/84 (4.8%) 10.4 (3.1 to 34.2) <0.0001
Hyperlactataemia (>5 mmol/L) 4/23 (17.4%) 1/9 (11.1%) 1.7 (0.2 to 17.5) 0.66
Bilirubin concentration >50 mmol/L 11/34 (32.4%) 4/71 (5.6%) 8.0 (2.3 to 27.6) <0.001
Additional characteristics
Anaemia (<70 g/L) 27/45 (60.0%) 8/110 (7.3%) 19.1 (7.5 to 48.7) <0.0001
Thrombocytopenia (<50 000 platelets/mm3 22/45 (48.9%) 10/111 (9.0%) 9.7 (4.0 to 23.2) <0.0001

*Fisher’s exact test.
†An approximate OR was calculated by adding 0.5 to each cell.
‡Acidosis was defined as HCO3

− concentration <15 mmol/L and/or base excess >−10 and/or pH <7.35.
GCS, Glasgow Coma Scale.
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which malaria is non-endemic. This study covered a long time
period (2006–2012) in France, where PICUs are readily access-
ible. We found that WHO severity criteria were generally rele-
vant for imported Pf malaria in children. Disease severity, as
assessed on the basis of the major interventions performed, was
strongly correlated with the presence of WHO severity criteria,
including impaired consciousness, circulatory collapse, renal
failure, hyperparasitaemia and severe anaemia.

We identified two other studies of paediatric malaria cases
admitted to PICUs in industrialised countries in which malaria
is not endemic.13 14 Garbash et al13 studied 29 children in the
UK between 2004 and 2008, and Hay et al14 studied 15 chil-
dren in France between 1990 and 1995. Thirty years separate
the first patient included in these studies and the last patient
included in our study, but the results were similar, with the fre-
quency of severity criteria differing between countries with and
without endemic malaria.

Impaired consciousness was the criterion most frequently
observed in cases (71%) and in children requiring at least
one major intervention (60%). It was more frequent than the
20–30% generally reported for severe paediatric malaria in
countries with endemic malaria,2 5 15 but its frequency was con-
sistent with the two previous studies performed in European
PICUs.13 14 However, the threshold defining impaired con-
sciousness applied may have been too low. Indeed, a large retro-
spective study of 19 560 children with malaria reported
neurological involvement in up to 48%.16

By contrast to WHO data,2 5 but consistent with other pub-
lished data,13 17 circulatory collapse was also frequent in cases
(24%). Fluid challenge was performed in line with current
French recommendations, despite recent controversy surround-
ing the use of this approach in African children.18

Renal failure, listed among WHO severity criteria and in the
most recent consensus, pRIFLE (Pediatric Risk, Injury, Failure,
Loss, End Stage Renal Disease),12 was identified in 20% of cases.
It was transient and did not require renal replacement therapy, but
was strongly correlated with major interventions. Indeed, acute
renal failure seemed to be an independent prognostic factor.19

Severe anaemia (haemoglobin concentration <50 g/L), accord-
ing to WHO severity criteria, was rare, despite the large number
of blood transfusions. Our patients probably underwent transfu-
sion before the threshold of 50 g/L was reached, as suggested by
the haemoglobin levels of the patients receiving blood products
in this study.20 During the study period there was no hospital
policy to transfuse below a specific threshold. Transfusions were
based on paediatric intensivist’s decision. This discrepancy
between endemic,2 5 and imported Pf cases has been reported
before.8 13 21 A threshold of 70 g/L for severe anaemia seems to
be more consistent with the routine blood transfusion practices
of French PICUs,20 and with WHO recommendations for blood
transfusion in low-transmission settings.1 9 22

Some of the WHO severity criteria (respiratory distress syn-
drome, oedema, coagulation disorders and hypoglycaemia) were
less frequent in our population than in WHO reports.2 5

Respiratory distress syndrome due to acidosis is frequent in
areas of endemic malaria,15 17 and 23% of cases with both acid-
osis and impaired consciousness are fatal.19 These patients
clearly have more severe disease than our cases.8 13

By contrast, some studies in countries with endemic malaria
have reported hypoglycaemia in 10–20% of children with Pf
malaria.17 23 However, hypoglycaemia may be aggravated by
altered nutritional status in developing countries.24

Thrombocytopenia (<50 000 platelets/mm3) is not included
in the WHO severity criteria but may be of value. It was

strongly correlated with cases (OR=11.7 (4.6–30)) and major
interventions (OR=9.7 (4.0–23.2)). Thrombocytopenia has
repeatedly been linked to severity in studies in countries both
with,15 25 and without endemic malaria.7

The therapeutic management of malaria changed with the
authorisation of intravenous artesunate use by the French health
product agency in 2011.3 Intravenous artesunate is now recom-
mended as the first line treatment for severe Pf malaria.2 26 Four
patients received this treatment in 2012, and no adverse effects
were detected during the weekly monitoring of haemoglobin
levels for a month, following the description of haemolysis
elsewhere.26 27

Limitations
The retrospective nature of the study and the limited case-
control matching create several limitations. At each centre, cases
were matched with the two consecutive patients immediately
preceding the case as controls. We did not match for age, which
is itself recognised as a factor for malaria severity.5 9 15

Unfortunately, this study was not powerful enough for
in vestigations of the degree of dependence and correlation
between age and other severity factors. Cases and controls were
identified from laboratory and medical administrative databases,
which probably identified all those with malaria. However, we
cannot exclude the possibility of biases, with some of the less
severe cases not being identified, resulting in a lack of complete
case ascertainment or a systematic deviation of our result from
the true value. Nevertheless, the largest French cities (Paris,
Lyons, Marseilles, Lille) were covered and this study included
more than half the cases of severe paediatric malaria occurring
in mainland France from 2006 to 2012, and most of the cases
admitted to PICUs.3 Some data, such as lactataemia, were
missing for many patients. Children with less severe disease
probably undergo fewer additional tests, but we did not impute
the missing data. Assessments were carried out on admission to
paediatric emergency department for controls and on admission
to PICU for cases. The clinical status of cases at presentation
should have influenced the decision to transfer the child to
PICU and the need for major interventions. However, the time
from initial admission to the paediatric emergency department
to PICU admission did not exceed 12 hours for any of the cases.

In a prospective study in the UK and Ireland, only a quarter
of the patients with severe imported paediatric Pf malaria
required intensive care.7 This calls into question our use of
major interventions for severity assessment. Blood transfusion
may occur outside the PICU, as in 10% of the controls in our
study. However, blood transfusion can have adverse effects in
patients with malaria,28 and careful follow-up is required.9

Moreover, a haemoglobin concentration <70 g/L has already
been used to define anaemia in assessments of severe malaria in
another country in which malaria is not endemic.22

CONCLUSION
Our results confirm that the WHO severity criteria are generally
relevant to imported malaria cases in industrialised countries in
which malaria is not endemic, particularly as concerns the
importance of neurological complications. The infrequent but
severe complications also provide a timely reminder of the
reasons for which this condition is such a major cause of mor-
bidity and mortality worldwide. The identification of patients
with severe Pf malaria is essential, to ensure that they receive
appropriate care.5 In non-endemic countries haemoglobin
<70 g/L and platelet count <50 000/mm3 could be used as add-
itional criteria to identify children needing high level of care.
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