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Background. Data from the largest randomized, controlled trial for the treatment of children hospitalized with
severe malaria were used to identify such predictors of a poor outcome from severe malaria.
Methods. African children (,15 years) with severe malaria participated in a randomized comparison of
parenteral artesunate and parenteral quinine in 9 African countries. Detailed clinical assessment was performed on
admission. Parasite densities were assessed in a reference laboratory. Predictors of death were examined using
a multivariate logistic regression model.
Results. Twenty indicators of disease severity were assessed, out of which 5 (base deficit, impaired
consciousness, convulsions, elevated blood urea, and underlying chronic illness) were associated independently
with death. Tachypnea, respiratory distress, deep breathing, shock, prostration, low pH, hyperparasitemia, severe
anemia, and jaundice were statistically significant indicators of death in the univariate analysis but not in the
multivariate model. Age, glucose levels, axillary temperature, parasite density, heart rate, blood pressure, and
blackwater fever were not related to death in univariate models.
Conclusions. Acidosis, cerebral involvement, renal impairment, and chronic illness are key independent
predictors for a poor outcome in African children with severe malaria. Mortality is markedly increased in cerebral
malaria combined with acidosis.
Clinical Trial Registration. ISRCTN50258054.
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Falciparum malaria can progress rapidly from an
uncomplicated febrile illness that usually resolves with
oral medication to a potentially lethal multisystem
disease, despite in-hospital parenteral treatment. The
mortality risk in uncomplicated falciparum malaria is
thought to be under 0.1%, rising toward 1% as treatments fail in the context of antimalarial drug resistance
[1]. The mortality due to severe malaria in young children usually exceeds 10% and increases with age [2].
Several predictive factors for death in severe childhood malaria have been identified [3]; among them,

coma [2, 4–36], convulsions [2, 13, 18, 27, 29, 34, 36–42],
acidosis [2, 5, 6, 8–10, 12, 14, 17, 21, 22, 25, 30, 31, 34,
42–51], respiratory distress [6–9, 12, 19, 26, 30, 31, 35, 38, 39, 41,
45, 46, 50–58], hypoglycemia [7, 10, 14, 16, 18, 20, 25, 27, 37,
41, 47], retinal changes [4, 11, 15, 25, 28, 29, 38, 59–61], increased concentrations of lactate in blood and cerebrospinal
fluid [18, 62–64], increased concentrations of tumor necrosis
factor [65–69], and the presence of malarial pigment in 0.5% or
more of peripheral blood neutrophils [70]. Combinations of
prognostic indicators or scoring systems have also been evaluated
to identify patients who have an increased risk of death [53, 57].
Outcomes in severe falciparum malaria depend on the
nature and degree of vital organ dysfunction. This differs
between adults and children. For example, severe malaria with
renal failure is an important cause of death in adults but acute
renal failure from malaria-induced acute tubular necrosis is rare
in children from any cause and is very rarely reported in African
children with severe malaria [2, 53, 71, 72]. In contrast, severe
anemia is a very common presentation of severe malaria in
young children in high-transmission settings, but is relatively
unusual in adults. Universal indicators can be used in clinical
trials to define severe malaria, and can also direct studies of the
pathogenesis of severe malaria and guide the identification of
new targets for intervention. Using data from the largest severe
malaria treatment trial to date [73], we analyzed the relationship
between clinical and laboratory characteristics collected on admission and the risk of death.
METHODS
This analysis is based on a randomized clinical trial comparing parenteral artesunate with parenteral quinine in African
children with severe falciparum malaria [73]. The trial was

conducted between 2005 and 2010 in 11 participating centers
in 9 African countries (Table 1). The spectrum of participating hospitals ranged from university hospitals and research institutes to rural hospitals without prior research
experience. Human immunodeficiency virus (HIV) testing
was approved at 4 sites (Beira, Muheza, Rwamagana/Nyanza,
and Kilifi). The reported HIV prevalence (Table 1) relied on
historical data from adults [74].
The methods and the outcome of the trial have been reported in detail elsewhere [73]. Febrile children less than
15 years of age with a positive Plasmodium falciparum histidinerich protein 2–based rapid test (Optimal) for falciparum
malaria were eligible for enrolment based on a clinical judgment of severe malaria, which included at least 1 of the following conditions: coma, defined by a Blantyre Coma Scale
(BCS) score #2 for children less than 2 years of age or a Glasgow
Coma Scale (GSC) score #9 for older children; prostration,
defined as the inability to sit unsupported (for children over
6 months of age) or the inability to drink or breast-feed in
younger children; convulsions with a duration longer than
30 minutes or a frequency of 2 or more in the 24 hours
preceding admission; compensated shock, defined as a peripheral capillary refill time $3 seconds or the presence of a temperature gradient with a normal systolic BP ($70 mmHg);
decompensated shock, defined as a systolic blood pressure
,70 mmHg; severe respiratory distress, defined as nasal alar
flaring, costal indrawing, or use of accessory muscles, severe
tachypnea, or deep breathing; hypoglycemia, defined as blood
glucose ,3 mmol/L or clinical improvement in the level of
consciousness immediately after administration of 10% dextrose; severe symptomatic anemia, defined as severe pallor
combined with respiratory distress; blackwater fever; clinical
jaundice; hyperparasitemia, defined as asexual parasitemia

Table 1. Age Distribution, Case Fatality Rate, and Adult HIV Prevalence by Study Center

Study Center

Number of
Children

Median Age
(IQR, Years)

HIV/AIDS Adult
Prevalence Rate (%) [78]

Mortality (%)

Banjul, The Gambia

502

4.4 (3.0, 6.1)

55 (11%)

1

Beira, Mozambique

664

3.8 (2.5, 5.3)

75 (11%)

12

450
271 and 115

2.8 (1.8, 4.2)
3.3 (1.7, 5.1)

41 (9%)
20 (5%)

3
2

Kilifi, Kenya

442

3.3 (2.3, 4.8)

44 (10%)

8

Kinshasa, DRC

422

2.4 (1.6, 4.2)

18 (4%)

4

Korogwe, Tanzania

540

2.3 (1.3, 3.5)

80 (15%)

8

Ilorin, Nigeria
Rwamagana and Nyanza, Rwanda

Kumasi, Ghana

436

3.0 (2.0, 4.3)

21 (5%)

1

Mbarara, Uganda

663

1.8 (1.0, 2.8)

42 (6%)

4

921

2.2 (1.2, 3.3)

131 (14%)

8

5426

2.8 (1.7, 4.3)

527 (10%)

6a

Teule, Tanzania
Total

Abbreviations: DRC, Democratic Republic of the Congo; HIV, human immunodeficiency virus; IQR, interquartile range.
a

Weighted mean.
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above 10%. Patients were enrolled after a relative or guardian
gave informed written consent.

Table 2. Indicators Evaluateda

Definitions of Clinical Features on Presentation

2. Base excess (BE, mmol/L)

Seizures were defined as a history of convulsion of 30 minutes
or longer reported by the caregiver or observed by the health
care provider. On admission, the axillary temperature was
measured with a digital thermometer, and the respiratory rate
was recorded. Coma, respiratory distress, deep breathing, and
shock were defined as stated in the inclusion criteria [56].
Blood pressure was measured using a digital sphygmomanometer. The presence of lymphadenopathy, candidiasis,
nuchal rigidity, visible severe wasting, and edematous malnutrition were noted following standard guidelines [75].

3. Blackwater fever/dark urine

1. Age (years)

4. Coma score based on the Blantyre Coma Scale (BCS; 0–5) or
Glasgow Coma Scale (GCS; 3–15)
5. Blood urea nitrogen (BUN, mg/dL)
6. Chronic disease (candidiasis, lymphadenopathy, malnutrition,
severe visible wasting, desquamation of skin)
7. Convulsions (30 min or longer or $2 convulsions in 24 h
preceding admission)
8. Glucose (mg/dL)
9. Hemoglobin (g/dL)
10. Heart rate (beats/min)
11. Log parasitemia (lL)
12. pH

Baseline Laboratory Results

A venous blood sample was collected for malaria rapid diagnostic tests, thin and thick blood films, and a point-of-care
assessment of standard base excess (BE), negative logarithm of
the blood hydrogen ion concentration (pH), glucose, blood
urea nitrogen (BUN), hematocrit (HCT), and hemoglobin
(Hb) using an automated handheld blood analyzer (i-STAT,
Abbott Laboratories, Abbott Park, IL). In total, 419 i-STAT
results were excluded from the analysis because of instrument
malfunction. The blood films were read at the reference laboratory at the Mahidol Oxford Research Unit in Bangkok.
Malaria parasites were quantified using the readings from the
thin blood film, or if not available, calculated from the thick
blood film (40 3 count/200 white blood cells).
Statistical Analysis

The univariate association between various clinical indictors
and mortality from severe malaria was initially examined
visually using box plots and histograms. Factors that were
considered potential independent predictors of mortality
were recorded at admission, and are included in (Table 2).
Lymphadenopathy, malnutrition, candidiasis, severe visible
wasting, and desquamation were combined into a single
variable as an indicator of chronic disease, which was also
examined as a risk factor. Compensated shock and decompensated shock were also combined into a single variable.
The BCS scores (used for preverbal children; n 5 3417) and
the GCS scores (n 5 2004) were combined into a single
coma score (1–5). In Rwanda, 2 smaller sites (Rwamagana
and Nyanza), run by the same investigators, were combined.
The P values for the univariate analysis were derived by
logistic regression analysis, stratified by site, and adjusted
for treatment. Correlations between variables were evaluated using Spearman’s rank correlation coefficients or the
2-sample Wilcoxon rank-sum (Mann-Whitney) test.
The prognostic importance of these admission variables
was assessed in a multivariate logistic regression model.
1082
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13. Prostration (unable to sit unsupported; if under 6 months old,
unable to breastfeed)
14. Respiratory distress (severe tachypnea, nasal alar flaring, costal
indrawing or use of accessory muscles)
15. Deep breathing (labored breathing pattern with abnormally
deep chest excursions)
16. Respiratory rate (breaths/min)
17. Sex
18. Shock (compensated and decompensated)
19. Systolic blood pressure (mmHg)
20. Axillary temperature (oC)
21. Visible jaundice
a

Alphabetical order.

All clinical indicators that were significant in the univariate
analysis were included in the model, with death as the dependent variable. A priori specified interactions between
respiratory rate and shock, respiratory rate and age, respiratory rate and base excess, and base excess and age were
assessed. A visual examination of the univariate associations
between the clinical factors and death indicated possible
nonlinear associations with some of the continuous variables
(eg, glucose, log parasitemia, and respiratory rate; Figure 1).
Therefore, multivariable fractional polynomials were used
in conjunction with logistic regression to identify the model
that would best predict the outcome [76]. Fractional polynomials indicated that the best fitting final model was achieved with linear values. Because a large set of potential
predictors was compared, there was a risk that at least 1
indicator would reach the .05 level of significance purely by
chance [77]. Hence, only variables with a P value less than
.01 were retained in the final model, which was also adjusted
for treatment (artesunate or quinine) and stratified by site.
Receiver operating characteristic (ROC) analysis was used to
evaluate the prediction ability of the final model. The logistic
regression models made use of continuous variables. The fit of
multivariate regression models was compared using likelihood

Figure 1. Baseline distribution of continuous variables in relation to outcome: survival or death.

ratios and Wald tests. In the Venn diagram approach, children
with a combined coma score ,3 were considered comatose,
with a BE less than 28 mmol/L as acidotic, and with a BUN equal
or larger than 20 mg/dL as uremic. All analyses were performed
using Stata software, version 11 (StataCorp, College Station, TX).
Ethical Review

The trial protocol was approved by each local ethical review
board, the Oxford Tropical Research Ethics committee, and the
Institutional Review Board of the London School of Hygiene
and Tropical Medicine.

RESULTS
There were 5426 children ,15 years of age that participated
in the study at 11 sites, of whom 9.7% (527) died (Table 1).
Thirteen of the 21 variables examined were significantly associated with death in univariate models and were included
in the multivariate model (Tables 3 and 4, Figure 1). The
final model was fitted with data from 4089 children. The case
fatality rate of children included and excluded from the
model was 9.8%. There were 5 highly significant independent predictors of mortality from severe malaria in children,
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Figure 1 continued.

including base deficit (adjusted odds ratio [AOR] 1.12, 95%
confidence interval (CI) 1.10–1.13), coma score (AOR 1.40,
95% CI 1.34–1.45), convulsions (AOR 1.72, 95% CI 1.30–2.30),
BUN (AOR 1.02, 95% CI 1.02–1.03), and chronic illness
(AOR 2.12, 95% CI 1.25–3.58). The area under the ROC
curve indicated good ability of the model to predict mortality (area 5 85%, 95% CI 83–87). None of the investigated
interaction terms (respiratory rate and shock, respiratory
rate, and age, respiratory rate and base excess, or base excess
and age) were statistically significant. One or more of the
independently significant variables from the final model
were present at admission in 391/401 (98%) of children who
1084
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died. There were 9 of 1065 (1%) children without any of potential risk factors on admission who died, in contrast to 66
of 124 (53%) children with 4 predictors (Table 5). In a Venn
diagram that incorporates the 3 most frequent, independently
statistically significant predictors, acidosis (BE , 28 mmol/L),
impaired consciousness (combined coma score ,3) or convulsions, and elevated blood urea (.20 mg/dL), the estimated
mortality in children with all 3 predictors was 43% (Figure 2).
In children with acidosis and impaired consciousness, the
mortality was 23%. The sensitivity of acidosis as a prognostic
indicator for death in this cohort was 78% (specificity 96%),
impaired consciousness was 66% (specificity 95%), and elevated

Table 3. Association Between Childhood Severe Malaria Clinical Markers With Death: Continuous Variablesa
Died
Risk factor

n

Survived
b

n

Mean (SD) or median (IQR)
215.6 (8.1)

Mean (SD) or median (IQR)b

Pc

BE, mmol/L

413

3784

-7.8 (6.5)

pH

413

7.25 (0.19)

3782

7.38 (0.11)

,.001

Coma scored

525

2.2 (1.6)

4897

3.7 (1.5)

,.001

,.001

BUN, mg/dL

409

23.9 (17.2)

3739

14.9 (11.6)

,.001

Respiratory rate, breaths/min
Hemoglobin, mg/dL

517
449

52.6 (14.6)
6.6 (3.0)

4879
4052

46.8 (14.1)
7.0 (2.9)

,.001
,.001

Heart rate, beats/min

515

148.5 (32.2)

4878

144.3 (28.1)

.03

Age, years (median)

527

Axillary temperature, oC

521

38.1 (1.2)

4885

38.0 (1.1)

.24

Glucose, mg/dL

444

117 (97.4)

3994

120 (71.1)

.35

Systolic blood pressure, mmHg

403

94.5 (17.3)

3886

94.8 (15.5)

.67

Parasite density/lLe

450

2.5 (1.5–4.1)

4899

45 533 (16–1 858 880)

4321

2.8 (1.7–4.3)

.06

45 232 (16–1 251 227)

.82

Abbreviations: BE, base excess; BUN, blood urea nitrogen; IQR, interquartile range; SD, standard deviation.
a

Sorted by P value.

b

Unless otherwise specified.

c

From logistic regression analysis, stratified by site and adjusted for treatment.

d

Blantyre Coma Scale and Glasgow Coma Scale scores were combined into 1 variable for analysis.

e

Geometric mean (range).

blood urea was 53% (specificity 95%). If 2 of the 3 prognostic
signs (acidosis, impaired consciousness, or elevated blood urea)
were detected, the sensitivity increased to 94% (specificity 98%).
Specific Predictors

Acidosis
Increasing levels of acidosis were associated with increasing
mortality (Table 3). The mean (SD) BE on admission among
the 413 children who died was 216 mmol/L (8.1) compared
with 28 mmol/L (6.5) among the 3784 survivors (P , .001).
Similarly, there was a statistically significant difference between the mean pH (SD) of the 413 children who died
(pH 5 7.25, 0.19) and the 3782 children who survived
(pH 5 7.38, 0.11; P , .001). When BE and pH were included in multivariate models, BE but not pH remained an
independent and statistically significant covariable.
Impaired Consciousness and Cerebral Malaria
Mortality increased with decreasing coma scores. Of the of
children with a combined coma score #2, 21% (347/1645)
died in contrast to 5% (178/3777) of the remaining children
(P , .001). Of the children who experienced convulsions,
14% (242/1692) died in contrast to 8% (285/3734) of the
remaining children (P , .001). The coma score retained
statistical significance in the multivariate model.
Blood Urea Nitrogen
Mortality increased with increasing BUN in the study population. The median BUN was 24 mg/dL among the 409
children who died and 15 mg/dL among the 3739 children

who survived (P , .001). There was a statistically significant
but weak correlation between increasing age of children and
increasing BUN (Spearman q 5 0.08; P , .001).
Underlying Chronic Illnesses
Clinical signs of an underlying chronic illness was observed in
189 (4%) of the 5379 children participating in the study.
Lymphadenopathy on its own was associated with high mortality (21%; 17/82 compared with 9%; 504/5312; P , .001)
but was not statistically significant in multivariate models.
A combined variable representing signs of chronic illness was
associated with a high mortality of 18% (34/189) compared
with 9% (486/5190; P , .001) for separate variables, and the
combined variable retained statistical significance in the
multivariate model.
Respiration
The respiratory rate was significantly higher (Figure 1), and
respiratory distress (Table 4) and deep breathing were significantly more frequently encountered in children who died
than in children who survived. In a multivariate model,
which included a base deficit, none of the clinical signs related to respiration were independently significant. There
was a significant correlation between respiratory distress
(P , .001), respiratory rate (q 5 –0.3; P , .001), deep breathing (P , .001), and base deficit. In a model without a base
deficit, deep breathing and respiratory rate were significant;
however, the model that included a base deficit had a significantly better fit (likelihood ratio test P , .0001).
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Table 4. The Association Between Childhood Severe Malaria
Clinical Markers With Death: Categorical Variables
Risk factor

n

Died (%)

Table 5. Score Based on 5 Independently Significant Variables:
Base Excess (<28 mmol/L), Blood Urea Nitrogen (‡ 20 mg/dL),
Combined Coma Score <3, Chronic Disease, and Convulsions.a

Pa
Score

Convulsions

Survived

Died (%)

Total

1056

9 (1)

1065

Yes

1692

242 (14)

,.001

0

No

3734

285 (8)

.

1
2

1339
923

75 (5)
118 (11)

1414
1041

Yes

2974

142 (5)

,.001

3

311

131 (30)

442

No

2452

385 (16)

.

4

58

66 (53)

124

5

1

2 (67)

3

3688

402 (10)

4089

Prostration

Shockb
Yes
No

663
4763

123 (19)
404 (9)

,.001
.

Yes

867

145 (17)

,.001

No

4559

382 (8)

.

Yes

938

218 (23)

,.001

No

4488

309 (7)

.

Total
a

Presence of each variable provides 1 point to the score.

Respiratory distress

Deep breathing

Jaundice
Yes
No

114

22 (19)

,.001

5312

505 (10)

.

34 (18)

,.001

Chronic diseasec
Yes

189

No

5190

486 (9)

.

2815

275 (10)

.74

2611

252 (10)

.

Sex
Male
Female
Blackwater fever
Yes

237

22 (9)

.96

No

5189

505 (10)

.

a

From logistic regression analysis, stratified by site and adjusted for
treatment.

b

Compensated and decompensated shock combined.

c

Lymphadenopathy, malnutrition, candidiasis, severe visible wasting and
desquamation combined as an indicator for chronic disease.

DISCUSSION
In this study, 4 predictors were independently associated with
an increased risk of death: acidosis indicated by a large base
deficit, cerebral manifestations of malaria (coma and/or convulsions), an elevated blood urea nitrogen, or signs of chronic
illness on admission. The standard base deficit was found to
be the single most relevant predictor of death in this series,
which confirms findings from Malawian children [30] and adult
Asians [43] with severe malaria. In our study, the specificity of
impaired consciousness and acidosis were similar (95% vs 96%),
but the sensitivity of acidosis as a prognostic marker was 78%
compared with a sensitivity of 66% for impaired consciousness. Deep breathing and respiratory distress also had high specificities (93% and 92%), but the sensitivity of deep breathing
was only 41% and that of respiratory distress was only 28%.
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In severe malaria, sequestration of red blood cells containing the mature parasites leads to tissue ischemia. Reduced red cell deformability, the clumping of uninfected to
infected red cells (rosetting), and the clumping between infected red cells (auto-agglutination) further contribute to
the impairment of microcirculatory flow, causing tissue
hypoxia and a shift from aerobic to anaerobic metabolism.
With anaerobic metabolism, pyruvate is converted into lactic
acid, an important but not exclusive contributor to acidosis
[44, 78]. A venous blood base deficit had a stronger prognostic value than pH, which has been confirmed in other
studies [43]. This is not surprising because a base deficit
better reflects metabolic acidosis, whereas the pH starts to
drop only when respiratory compensation is insufficient and
the blood’s buffering capacity becomes exhausted [78]. Because respiratory signs in severe malaria are a response to
acidosis, it should also not be surprising that respiratory
signs are not independently significant predictors in models
that include a base deficit. The sequestration of infected red
blood cells in the cerebral microvasculature is thought to be
the central pathological process preceding the cerebral
manifestations of severe malaria [18, 21]. Coma and convulsions suggest advanced cerebral involvement, and deep
coma can progress to central respiratory depression followed
by death.
The association of an elevated BUN with poor outcome is of
interest, as renal involvement is rarely reported in children
[13, 35, 72] in contrast to adults with severe malaria [2, 53, 71].
The findings from this study suggest that renal involvement
could be frequently overlooked in children with severe malaria. A number of factors can contribute to an increased
BUN, including hypovolemia and increased protein breakdown. More research is required to explore the significance
of elevated BUN in children with severe malaria.
Overall, 4% of the study participants were diagnosed with
chronic debilitating illness, the causes of which include a diverse

Figure 2. Venn diagram illustrating the combinations of presentations and associated mortality.

spectrum of pathologies, including malnutrition and HIV
infection. It is likely that a proportion of the chronically debilitated children were suffering from AIDS, but only 4 sites
conducted diagnostic tests for it. Increased morbidity and
mortality from severe malaria in HIV-infected children has
been reported previously [79, 80].
Independent of other factors, there was no association of
severe anemia with death in our study. This may be because
life-threatening severe anemia is accompanied by metabolic
acidosis and prostration. Furthermore, early transfusion in
life-threatening severe anemia in pediatric falciparum malaria can prevent death [81]. In the current series, only those
children with extremely low hemoglobin concentrations
(,3 g/dL) were at an increased risk of dying. Similarly, hypoglycemia can be reversed when detected early, and as
a severity sign, it is, again, not independent of other severity
symptoms, including metabolic acidosis. Hyperparasitemia
has been associated with a poor outcome in severe malaria
[18]. In our cohort, only extremely high parasite densities
above 440 000/lL carried an increased risk of death. There
was a small group of 25 severely ill children who presented
with very low parasite densities, and the mortality in this
subgroup was also high (20%). It is possible that the malaria
in these children was not the primary cause of illness, but was
instead a coincidental coinfection. Very high mortality in
patients with malaria and bacteremia coinfections has been
documented [82–84].

We observed a lower mortality in children with prostration
(5%) compared with children without prostration (16%).
Cerebral impairment caused by malaria exhibits a wide
spectrum that consists of the relatively mild presentation of
prostration as compared with convulsions and coma, which
lie on the other end of this spectrum. Children whose presentation includes prostration have a lower mortality rate
compared with children who have a more advanced impairment of their central nervous system, but have an increased mortality compared with children with uncomplicated
malaria [1].
While the inclusion of a very large cohort from highly
heterogeneous settings assures the generalizability of the
findings, there is a risk that high interobserver variability
occurred. This could explain, at least in part, the relatively
poor performance of several clinical signs such as shock,
prostration, and respiratory distress as indicators for severity
in this study. It is reassuring that coma scales turned out to
be valid prognostic indicators. A limitation of our study is
the fact that not all participants in the trial had all test results
assessed. The major reason for missing results was the unavailability of i-STAT results due to a malfunctioning analyzer or an interrupted supply of test cards.
Robust and locally affordable point-of-care tests to measure any base deficit would be highly desirable for the management of severe malaria patients in sub–Saharan Africa.
Until such diagnostic tests are widely available, clinical signs
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will have to suffice to guide clinicians. In the absence of
a diagnostic test for respiratory acidosis, deep breathing
signs can be a valuable marker for high risk patients in the
hands of skilled observers. For large, multicenter studies,
which employ observers with variable levels of training and
skills, a standardized test for acidosis seems preferable.

Notes
Acknowledgments. We thank the patients and their families, the directors and staff of the trial hospitals, and the many doctors, research
nurses, and research assistants who supported the trial for their help and
support. We thank Ric Price, Nick Douglas, and Philip Bejon for their help
with the analysis.
Authors’ contributions. R. O., I. H., O. T. A., T. A., N. A., S. B. N., K.
B., K. D. C., J. E., E. G., W. B. R. J., C. K., E. K., K. M., O. A. M., G. M., J.
M. A., B. N., M. N., M. A. O., A. S., A. K. T., N. U., A. U., and L. V. S.
managed the study participants. L. V. S. and S. L. did the analyses. L. V. S.,
S. L., I. H., and A. M. D. wrote the report. N. J. W., N. P. J. D., and A. M. D
designed the trial. K. S. oversaw the laboratory. W. P. N. managed the data.
C. F. coordinated the trial and T. S. managed the study logistics. All
authors read and approved the final manuscript.
Financial support. This work was supported by the Wellcome Trust
(grants 076908 and 082541), and was coordinated as part of the Wellcome
Trust Mahidol University–Oxford Tropical Medicine Research Programme
funded by the Wellcome Trust of Great Britain.
Potential conflicts of interest. All authors: No reported conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References
1. Olliaro P. Editorial commentary: mortality associated with severe
Plasmodium falciparum malaria increases with age. Clin Infect Dis
2008; 47:158–60.
2. Dondorp AM, Lee SJ, Faiz MA, et al. The relationship between age
and the manifestations of and mortality associated with severe
malaria. Clin Infect Dis 2008; 47:151–7.
3. World Health Organization. Severe falciparum malaria. Trans R Soc
Trop Med Hyg 2000; 94(Suppl 1):1–90.
4. Beare NA, Southern C, Chalira C, Taylor TE, Molyneux ME, Harding SP.
Prognostic significance and course of retinopathy in children with severe
malaria. Arch Ophthalmol 2004; 122:1141–7.
5. Bell DJ, Molyneux ME. Treatment of childhood Plasmodium falciparum
malaria: current challenges. Expert Rev Anti Infect Ther 2007; 5:141–52.
6. Bruneel F, Hocqueloux L, Alberti C, et al. The clinical spectrum of
severe imported falciparum malaria in the intensive care unit: report
of 188 cases in adults. Am J Respir Crit Care Med 2003; 167:684–9.
7. Dzeing-Ella A, Nze Obiang PC, Tchoua R, et al. Severe falciparum
malaria in Gabonese children: clinical and laboratory features. Malar J
2005; 4:1.
8. English M, Sauerwein R, Waruiru C, et al. Acidosis in severe childhood
malaria. QJM 1997; 90:263–70.
9. Evans JA, May J, Ansong D, et al. Capillary refill time as an independent
prognostic indicator in severe and complicated malaria. J Pediatr 2006;
149:676–81.
10. Genton B, al-Yaman F, Alpers MP, Mokela D. Indicators of fatal
outcome in paediatric cerebral malaria: a study of 134 comatose Papua
New Guinean children. Int J Epidemiol 1997; 26:670–6.
11. Hirneiss C, Klauss V, Wilke M, Kampik A, Taylor T, Lewallen S. Ocular
changes in tropical malaria with cerebral involvement—results from
the Blantyre Malaria Project. Klin Monbl Augenheilkd 2005; 222:704–8.

1088

d

CID 2012:54 (15 April)

d

von Seidlein et al

Downloaded from https://academic.oup.com/cid/article-abstract/54/8/1080/366695
by guest
on 18 February 2018

12. Idro R, Gwer S, Kahindi M, et al. The incidence, aetiology and outcome of acute seizures in children admitted to a rural Kenyan district
hospital. BMC Pediatr 2008; 8:5.
13. Jaffar S, Van Hensbroek MB, Palmer A, Schneider G, Greenwood B.
Predictors of a fatal outcome following childhood cerebral malaria.
Am J Trop Med Hyg 1997; 57:20–4.
14. Krishna S, Waller DW, ter Kuile F, et al. Lactic acidosis and hypoglycaemia in children with severe malaria: pathophysiological and
prognostic significance. Trans R Soc Trop Med Hyg 1994; 88:67–73.
15. Lewallen S, Bronzan RN, Beare NA, Harding SP, Molyneux ME,
Taylor TE. Using malarial retinopathy to improve the classification
of children with cerebral malaria. Trans R Soc Trop Med Hyg 2008;
102:1089–94.
16. Mabeza GF, Moyo VM, Thuma PE, et al. Predictors of severity of
illness on presentation in children with cerebral malaria. Ann Trop
Med Parasitol 1995; 89:221–8.
17. Maitland K, Pamba A, English M, et al. Randomized trial of volume
expansion with albumin or saline in children with severe malaria:
preliminary evidence of albumin benefit. Clin Infect Dis 2005; 40:
538–45.
18. Molyneux ME, Taylor TE, Wirima JJ, Borgstein A. Clinical features
and prognostic indicators in paediatric cerebral malaria: a study of
131 comatose Malawian children. Q J Med 1989; 71:441–59.
19. Murphy S, English M, Waruiru C, et al. An open randomized trial of
artemether versus quinine in the treatment of cerebral malaria in
African children. Trans R Soc Trop Med Hyg 1996; 90:298–301.
20. Newton CR, Chokwe T, Schellenberg JA, et al. Coma scales for children
with severe falciparum malaria. Trans R Soc Trop Med Hyg 1997;
91:161–5.
21. Newton CR, Hien TT, White N. Cerebral malaria. J Neurol Neurosurg
Psychiatry 2000; 69:433–41.
22. Newton CR, Valim C, Krishna S, et al. The prognostic value of measures of acid/base balance in pediatric falciparum malaria, compared
with other clinical and laboratory parameters. Clin Infect Dis 2005;
41:948–57.
23. Newton PN, Angus BJ, Chierakul W, et al. Randomized comparison of
artesunate and quinine in the treatment of severe falciparum malaria.
Clin Infect Dis 2003; 37:7–16.
24. Okubadejo NU, Danesi MA. Diagnostic issues in cerebral malaria:
a study of 112 adolescents and adults in Lagos, Nigeria. Niger
Postgrad Med J 2004; 11:10–4.
25. Olumese PE, Adeyemo AA, Gbadegesin RA, Walker O. Retinal
haemorrhage in cerebral malaria. East Afr Med J 1997; 74:285–7.
26. Planche T, Agbenyega T, Bedu-Addo G, et al. A prospective comparison of malaria with other severe diseases in African children:
prognosis and optimization of management. Clin Infect Dis 2003;
37:890–7.
27. Sadarangani M, Seaton C, Scott JA, et al. Incidence and outcome of
convulsive status epilepticus in Kenyan children: a cohort study.
Lancet Neurol 2008; 7:145–50.
28. Sattar MA, Hoque HW, Amin MR, Faiz MA, Rahman MR. Neurological findings and outcome in adult cerebral malaria. Bangladesh
Med Res Counc Bull 2009; 35:15–7.
29. Schemann JF, Doumbo O, Malvy D, et al. Ocular lesions associated
with malaria in children in Mali. Am J Trop Med Hyg 2002; 67:
61–3.
30. Taylor TE, Borgstein A, Molyneux ME. Acid-base status in paediatric
Plasmodium falciparum malaria. Q J Med 1993; 86:99–109.
31. Taylor WR, Canon V, White NJ. Pulmonary manifestations of malaria:
recognition and management. Treat Respir Med 2006; 5:419–28.
32. Thumasupapong S, Tin T, Sukontason K, Sawaddichi C, Karbwang J.
Electroencephalography in cerebral malaria. Southeast Asian J Trop
Med Public Health 1995; 26:34–7.
33. Tran TH, Day NP, Nguyen HP, et al. A controlled trial of artemether
or quinine in Vietnamese adults with severe falciparum malaria.
N Engl J Med 1996; 335:76–83.

34. van Hensbroek MB, Palmer A, Jaffar S, Schneider G, Kwiatkowski D.
Residual neurologic sequelae after childhood cerebral malaria. J Pediatr
1997; 131:125–9.
35. Waller D, Krishna S, Crawley J, et al. Clinical features and outcome
of severe malaria in Gambian children. Clin Infect Dis 1995; 21:
577–87.
36. Wattanagoon Y, Srivilairit S, Looareesuwan S, White NJ. Convulsions in childhood malaria. Trans R Soc Trop Med Hyg 1994;
88:426–8.
37. Angyo IA, Pam SD, Szlachetka R. Clinical pattern and outcome in
children with acute severe falciparum malaria at Jos University
Teaching Hospital, Nigeria. East Afr Med J 1996; 73:823–6.
38. Essuman VA, Ntim-Amponsah CT, Astrup BS, et al. Retinopathy in
severe malaria in Ghanaian children—overlap between fundus changes
in cerebral and non-cerebral malaria. Malar J 2010; 9:232.
39. Idro R, Karamagi C, Tumwine J. Immediate outcome and prognostic
factors for cerebral malaria among children admitted to Mulago
Hospital, Uganda. Ann Trop Paediatr 2004; 24:17–24.
40. Nguyen TH, Day NP, Ly VC, et al. Post-malaria neurological syndrome. Lancet 1996; 348:917–21.
41. Oduro AR, Koram KA, Rogers W, et al. Severe falciparum malaria in
young children of the Kassena-Nankana district of northern Ghana.
Malar J 2007; 6:96.
42. Varandas L, Julien M, Van Lerberghe W, Goncalves L, Ferrinho P.
Independent indicators of outcome in severe paediatric malaria: maternal education, acidotic breathing and convulsions on admission.
Ann Trop Paediatr 2000; 20:265–71.
43. Day NP, Phu NH, Mai NT, et al. The pathophysiologic and prognostic
significance of acidosis in severe adult malaria. Crit Care Med 2000;
28:1833–40.
44. Dondorp AM, Chau TT, Phu NH, et al. Unidentified acids of strong
prognostic significance in severe malaria. Crit Care Med 2004; 32:
1683–8.
45. English M, Punt J, Mwangi I, McHugh K, Marsh K. Clinical overlap
between malaria and severe pneumonia in African children in hospital. Trans R Soc Trop Med Hyg 1996; 90:658–62.
46. English M, Waruiru C, Amukoye E, et al. Deep breathing in children
with severe malaria: indicator of metabolic acidosis and poor outcome. Am J Trop Med Hyg 1996; 55:521–4.
47. Idro R, Aketch S, Gwer S, Newton CR, Maitland K. Research priorities
in the management of severe Plasmodium falciparum malaria in children. Ann Trop Med Parasitol 2006; 100:95–108.
48. Maitland K, Newton CR. Acidosis of severe falciparum malaria:
heading for a shock? Trends Parasitol 2005; 21:11–6.
49. Oguche S, Omokhodion SI, Adeyemo AA, Olumese PE. Low plasma
bicarbonate predicts poor outcome of cerebral malaria in Nigerian
children. West Afr J Med 2002; 21:276–9.
50. Pamba A, Maitland K. Capillary refill: prognostic value in Kenyan
children. Arch Dis Child 2004; 89:950–5.
51. Trampuz A, Jereb M, Muzlovic I, Prabhu RM. Clinical review: severe
malaria. Crit Care 2003; 7:315–23.
52. English M, Murphy S, Mwangi I, Crawley J, Peshu N, Marsh K.
Interobserver variation in respiratory signs of severe malaria. Arch
Dis Child 1995; 72:334–6.
53. Hanson J, Lee SJ, Mohanty S, et al. A simple score to predict
the outcome of severe malaria in adults. Clin Infect Dis 2010;
50:679–85.
54. Hargrove J, Nguyen HB. Bench-to-bedside review: outcome predictions for critically ill patients in the emergency department. Crit
Care 2005; 9:376–83.
55. Idro R, Aloyo J, Mayende L, Bitarakwate E, John CC, Kivumbi GW.
Severe malaria in children in areas with low, moderate and high
transmission intensity in Uganda. Trop Med Int Health 2006; 11:
115–24.
56. Marsh K, Forster D, Waruiru C, et al. Indicators of life-threatening
malaria in African children. N Engl J Med 1995; 332:1399–404.

57. Mishra SK, Panigrahi P, Mishra R, Mohanty S. Prediction of outcome in adults with severe falciparum malaria: a new scoring system.
Malar J 2007; 6:24.
58. Snow RW, Howard SC, Mung’Ala-Odera V, et al. Paediatric survival
and re-admission risks following hospitalization on the Kenyan coast.
Trop Med Int Health 2000; 5:377–83.
59. Harding SP, Lewallen S, Beare NA, Smith A, Taylor TE, Molyneux ME.
Classifying and grading retinal signs in severe malaria. Trop Doct 2006;
36(suppl 1):1–13.
60. Kochar DK, Shubhakaran Kumawat BL, Vyas SP. Prognostic significance of eye changes in cerebral malaria. J Assoc Physicians India
2000; 48:473–7.
61. Lewallen S, Harding SP, Ajewole J, et al. A review of the spectrum of
clinical ocular fundus findings in P. falciparum malaria in African
children with a proposed classification and grading system. Trans R Soc
Trop Med Hyg 1999; 93:619–22.
62. Myint PT, Shwe T, Oo UM. CSF lactate in falciparum malaria patients.
Lancet 1987; 1:330.
63. White NJ, Miller KD, Brown J, Marsh K, Greenwood B. Prognostic
value of CSF lactate in cerebral malaria. Lancet 1987; 1:1261.
64. White NJ, Warrell DA, Looareesuwan S, Chanthavanich P, Phillips RE,
Pongpaew P. Pathophysiological and prognostic significance of
cerebrospinal-fluid lactate in cerebral malaria. Lancet 1985; 1:776–8.
65. Deloron P, Roux Lombard P, Ringwald P, et al. Plasma levels of
TNF-alpha soluble receptors correlate with outcome in human falciparum malaria. Eur Cytokine Netw 1994; 5:331–6.
66. Grau GE. Essential role of tumor necrosis factor and other cytokines in
the pathogenesis of cerebral malaria: experimental and clinical studies.
Verh K Acad Geneeskd Belg 1992; 54:155–75.
67. Kwiatkowski D. Tumour necrosis factor, fever and fatality in falciparum malaria. Immunol Lett 1990; 25:213–6.
68. Saissy JM, Cellard-Peyle F, Vitris M, et al. [Severe malaria in an
African seasonal endemic area. Comparison of aspects in adults and
children and prognostic value of cytokines]. Presse Med 1994; 23:
1426–30.
69. Shaffer N, Grau GE, Hedberg K, et al. Tumor necrosis factor and severe
malaria. J Infect Dis 1991; 163:96–101.
70. Silamut K, White NJ. Relation of the stage of parasite development
in the peripheral blood to prognosis in severe falciparum malaria.
Trans R Soc Trop Med Hyg 1993; 87:436–43.
71. Trang TT, Phu NH, Vinh H, et al. Acute renal failure in patients with
severe falciparum malaria. Clin Infect Dis 1992; 15:874–80.
72. Olowu WA, Adelusola KA. Pediatric acute renal failure in southwestern
Nigeria. Kidney Int 2004; 66:1541–8.
73. Dondorp AM, Fanello CI, Hendriksen IC, et al. Artesunate versus
quinine in the treatment of severe falciparum malaria in African
children (AQUAMAT): an open-label, randomised trial. Lancet 2010;
376:1647–57.
74. Central Intelligence Agency. CIA World Factbook 2005-HIV/AIDS adult
prevalence rate. Available at: https://www.cia.gov/library/publications/theworld-factbook/rankorder/2155rank.html. 2005. Accessed 12 February
2012.
75. World Health Organization. Hospital care for children—guidelines for
the management of common illnesses with limited resources. Geneva:
World Health Organization, 2005.
76. Royston P, Sauerbrei W. Building multivariable regression models with
continuous covariates in clinical epidemiology—with an emphasis on
fractional polynomials. Methods Inf Med 2005; 44:561–71.
77. Miller RG. Simultaneous statistical inference. 2nd ed. New York:
Springer Verlag, 1981.
78. Vernon C, Letourneau JL. Lactic acidosis: recognition, kinetics,
and associated prognosis. Crit Care Clin 2010; 26:255–83. Table of
Contents.
79. Berkley JA, Bejon P, Mwangi T, et al. HIV infection, malnutrition, and
invasive bacterial infection among children with severe malaria. Clin
Infect Dis 2009; 49:336–43.

Predicting Severe Falciparum Malaria Outcome

Downloaded from https://academic.oup.com/cid/article-abstract/54/8/1080/366695
by guest
on 18 February 2018

d

CID 2012:54 (15 April)

d

1089

80. Malamba S, Hladik W, Reingold A, et al. The effect of HIV on morbidity and mortality in children with severe malarial anaemia. Malar J
2007; 6:143.
81. English M, Ahmed M, Ngando C, Berkley J, Ross A. Blood transfusion for
severe anaemia in children in a Kenyan hospital. Lancet 2002; 359:494–5.
82. Berkley JA, Lowe BS, Mwangi I, et al. Bacteremia among children
admitted to a rural hospital in Kenya. N Engl J Med 2005; 352:39–47.

1090

d

CID 2012:54 (15 April)

d

von Seidlein et al

Downloaded from https://academic.oup.com/cid/article-abstract/54/8/1080/366695
by guest
on 18 February 2018

83. Nadjm B, Amos B, Mtove G, et al. WHO guidelines for antimicrobial
treatment in children admitted to hospital in an area of intense
Plasmodium falciparum transmission: prospective study. BMJ 2010;
340:c1350.
84. Reyburn H, Mbatia R, Drakeley C, et al. Overdiagnosis of malaria in
patients with severe febrile illness in Tanzania: a prospective study.
BMJ 2004; 329:1212.

