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Abstract

Background—World Health Organization treatment guidelines recommend that adults with 

severe malaria be admitted to an intensive care unit (ICU). However, ICU facilities are limited in 

the resource-poor settings where most malaria occurs. Identification of patients at greater risk of 

complications may facilitate their triage and resource allocation.

Methods—With use of data from a trial conducted in Southeast Asia (n = 868), a logistic 

regression model was built to identify independent predictors of mortality among adults with 

severe malaria. A scoring system based on this model was tested in the original dataset and then 

validated in 2 series from Bangladesh (n = 188) and Vietnam (n = 292).

Results—Acidosis (base deficit) and cerebral malaria (measured as Glasgow Coma Score) were 

the main independent predictors of outcome. The 5-point Coma Acidosis Malaria (CAM) score 

was simply derived from these 2 variables. Mortality increased steadily with increasing score. A 

CAM score <2 predicted survival with a positive predictive value (PPV) of 95.8% (95% 

confidence interval [CI], 93%–97.7%). Of the 14 of 331 patients who died with a CAM score <2, 

11 (79%) had renal failure and death occurred late after hospital admission (median, 108 h; range, 

40–360 h). Substitution of plasma bicarbonate as the measure of acidosis only slightly reduced the 
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prognostic value of the model. Use of respiratory rate was inferior, but a score <2 still predicted 

survival with a PPV of 92.2% (95% CI, 89.1%–94.7%).

Conclusions—Patients with a CAM score <2 at hospital admission may be safely treated in a 

general ward, provided that renal function can be monitored.

Severe Plasmodium falciparum malaria is associated with high mortality. It is usually 

defined according to World Health Organization (WHO) criteria [1], which have been 

derived from several large studies [2-4] and expert opinion [5]. The criteria were devised to 

identify patients who would benefit from intensive monitoring and parenteral antimalarial 

treatment; WHO guidelines recommend that patients satisfying these criteria should be 

treated in an intensive care unit (ICU) [6]. This is logical because the majority of deaths 

among patients with malaria occur within the first 48 h after their hospital admission, and 

prompt delivery of supportive care at this stage could be life saving [6, 7]. Precise fluid 

management and mechanical ventilation is best delivered in an ICU, and closer patient 

monitoring facilitates earlier renal replacement therapy [8] and the identification and 

treatment of complications, such as hypoglycemia and concomitant bacterial infection [9]. 

Indeed, mortality associated with severe adult malaria treated with parenteral quinine, which 

is no longer the recommended first-line treatment, was only 11% in a well equipped ICU in 

France [10], whereas in less-well–equipped hospitals in areas of endemicity, mortality is 

15%–40% [5, 11]. Delays in referral to a hospital and, specifically, to the ICU of patients 

with malaria and other severe infections have been associated with increased mortality 

[12-14].

Although ICU facilities are becoming increasingly available in malarious regions, strict 

triage for admission to them must be applied because their capacity is usually severely 

limited. The inclusive WHO definition for severe malaria is too broad of a triage tool, 

because individual criteria differ substantially in their predictive value for mortality [15, 16]. 

Although mortality associated with severe malaria remains high, even with considerable 

improvements in antimalarial treatment [11], death is unusual among patients presenting 

with prostration, jaundice, or anemia as the sole defining severity criterion.

In resource-rich settings, tools have been developed to improve triage to ICU [17-19], and 

predictive scores are now a cornerstone of the management of a range of clinical conditions 

[20-24]. Efforts have been made to identify indicators of poor outcome of malaria, with 

some success among African children [25, 26]. However, noting that adults have different 

clinical manifestations and a greater risk of death, Mishra et al [27] derived an adult-specific 

predictive tool: the Malaria Severity Assessment (MSA) score. The MSA score was simple 

to use and had a reasonable predictive ability; however, it was derived at only a single 

location (Orissa, India), it was not applicable at admission to the hospital, and the authors 

expressed uncertainty with regard to its generalizability to other settings.

To address these issues, we reanalyzed data from the SEAQUAMAT study (the largest ever 

clinical trial involving adults with severe malaria) performed in southern and Southeast Asia 

[11]. Our aim was to derive a reliable, simple, and inexpensive predictive score that would 

assist clinicians in identifying adult patients with malaria who were at high risk of death and 
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that might serve as an indicator for ICU referral. The derived scoring system was then tested 

on 2 other large datasets of adult patients with severe P. falciparum malaria.

METHODS

Patients

A logistic regression model was built to assess the probability of death with use of data from 

the SEAQUAMAT study, a trial that compared parenteral artesunate with quinine for the 

treatment of severe malaria [11]. The diagnosis of malaria was confirmed by examination of 

peripheral blood samples from patients, and 1050 patients fulfilled the modified WHO 

criteria for severe malaria: namely, cerebral malaria (Glasgow Coma Score [GCS] <11), 

shock (low blood pressure and cool peripheries), acidosis (plasma bicarbonate level <15 

mmol/L), severe anemia (hematocrit, <20%; P. falciparum parasite level, >100,000 

parasites/μL), visible jaundice and P. falciparum parasitemia (parasite level, >100,000 

parasites/μL), renal failure (blood urea nitrogen level, >17 mmol/L), asexual P. falciparum 

parasitemia (parasite percentage, >10%), plasma glucose level <2.2 mmol/L, and respiratory 

distress. Because the clinical manifestations of severe malaria are different in children [5, 

15], patients aged <16 years (n = 182) were excluded from our prediction model. The 

model’s predictive ability was subsequently validated using 2 independent datasets in which 

patients had been defined as having severe malaria with use of similar criteria to those used 

in the SEAQUAMAT trial. The first consisted of patients from Bangladesh who were 

enrolled in studies evaluating the efficacy of N-acetylcysteine [28] and levamisole (study 

ongoing; n = 193) as adjunctive therapy to intravenous artesunate. The second was from a 

trial from Vietnam (n = 549) that compared the efficacy of artemether with that of quinine 

[2].

Statistical methods

With use of fatal outcome as the dependent variable, the initial model was built from the 

SEAQUAMAT data, including all variables used by the WHO to identify severe malaria [1] 

as potential predictors (ie, independent variables): prostration, GCS, respiratory distress, 

convulsions, shock (systolic blood pressure, <80 mm Hg, plus cool extremities), acidosis 

(using base deficit), abnormal bleeding, jaundice, hemoglobinuria, hematocrit, glucose level, 

and (log) parasite level. Acute renal failure is defined by the WHO criteria as a serum 

creatinine level >3 mg/dL (250 μmol/L); however, because creatinine level was not 

measured in the study, blood urea nitrogen level >17 mmol/L was substituted, as was done 

in the SEAQUAMAT trial [11]. Hyperlactatemia and radiological evidence of pulmonary 

edema were not included in the model, because they were not recorded systematically in the 

trial. Pregnancy status, plasma sodium concentration, and age (as a continuous variable) 

were also included in the initial model, because these variables have been shown to be 

associated with poor outcomes [15, 29, 30]. Because the data were collected in 4 different 

countries, the dependency of the model mortality prediction on study site was also assessed. 

Antimalarial treatment with artesunate or quinine had a major impact on survival in the trial 

and was included in the model.
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To determine which of the independent variables had significant prognostic value, we used a 

backward stepwise approach, specifying that only variables with P < .05 should be retained 

in the model. Appropriate fit of the final model was confirmed using the Hosmer-Lemeshow 

goodness-of-fit test after grouping the data by predicted probabilities of death into 10 

approximately equal-sized groups [31]. After the remaining significant variables were 

identified, a simplified scoring system was devised. The score’s predictive ability was 

assessed using area under the receiver operating characteristic curve (AUROC) analysis and 

the positive predictive value (PPV) for survival. The scoring system was then validated in 2 

independent datasets from Bangladesh [28] and Vietnam [2]. The score was compared with 

the previously published MSA score to determine its relative utility [27], although complete 

data regarding mechanical ventilation were not available for the validation datasets, 

precluding comparison in these groups. The MSA score is defined as 1 × (severe anemia 

[hemoglobin level, <5 g/dL]) + 2 × (acute renal failure [creatinine level, > 3mg/dL]) + 3 × 

(respiratory distress, requiring mechanical ventilation) + 4 × (cerebral malaria [GCS <11]), 

in which each variable was scored as 0 or 1, depending on its absence or presence, 

respectively.

Analyses were conducted with Stata software, version 10 (Stata). Ethical approval for all 

studies was obtained from the Oxford Tropical Medicine Research Ethical Committee and 

the respective national or institutional ethical committees in Bangladesh, India, Myanmar, 

Indonesia, and Vietnam.

RESULTS

The modified WHO criteria for severe malaria were fulfilled by 868 patients ≥16 years of 

age from the SEAQUAMAT study. Five independent predictors of death were identified by 

the model: artesunate therapy (odds ratio [OR], 0.46; 95% confidence interval [CI], 0.30–

0.70), GCS (OR, 0.8; 95% CI, 0.75–0.85), base deficit (OR, 0.85; 95% CI, 0.82–0.88), 

hematocrit (OR, 1.03; 95% CI, 1.00–1.05), and blood urea nitrogen level (OR, 1.01; 95% 

CI, 1.00–1.01). Artesunate is now the recommended therapy for adults with severe malaria 

and was therefore not included in the prediction score.

For the 2 clinical variables with the largest effect on outcome (coma depth and acidosis), 

cutoff values were chosen on the basis of the reported literature and of the “roundness” of 

the numbers to facilitate recall. Cutoff values for coma depth were a GCS ≤14 (obtunded to 

deranged) and GCS ≤10 (comatose to very deranged). Cutoff values for acidosis were a base 

deficit >2 (deranged) and ≥10 (very deranged) [32]. A score of 0 for normal, 1 for deranged, 

or 2 for very deranged was ascribed to each of the 2 variables and then summed to give a 

simple Coma Acidosis Malaria (CAM) score ranging from 0 to 4 (Table 1).

In the SEAQUAMAT dataset, a CAM score could be determined in 789 patients, because 79 

patients did not have a base deficit measured at hospital admission. The final AUROC, using 

fatal outcome as the dependent variable, was 0.81 (95% CI, 0.77–0.84). If the analysis was 

restricted to only patients who received artesunate, the AUROC was 0.82 (95% CI, 0.78–

0.87). As the CAM score increased, mortality steadily increased (P < .001) (Figure 1 and 

Table 2); this was similar at all 4 study sites. Of 225 patients with low CAM scores (<2), 
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only 8 (3.6%) died (PPV for survival, 96.4%; 95% CI, 93.1–98.5) (Table 3). Results were 

similar at all study sites. The median time from hospital admission to death among these 8 

patients was 96 h (range, 72–360 h). Of these 8 patients, 6 (75%) had renal failure, and only 

1 of these 6 was able to receive dialysis. Of the 2 patients without renal failure, pregnancy 

was a risk factor for one, whereas the other patient had no additional risk factors identified at 

hospital admission.

For comparison, we calculated an MSA score, which was possible for 805 of the 868 

patients in the SEAQUAMAT dataset (Table 4). Because serum creatinine level was not 

measured, we used the adapted definition of acute renal failure at hospital admission (blood 

urea nitrogen level, >17 mmol/L) [11]. Among patients who had both scores calculated (n = 

772), with use of ROC analysis, the AUROC for the MSA score in predicting death was 

0.75 (95% CI, 0.72–0.79), which was significantly lower than that for the CAM score (0.81; 

95% CI, 0.77–0.84; P = .006)

Validation series

Mortality was lower in the Vietnamese series than in the other series, likely because of the 

better level of ICU care available at this site. The CAM score could be calculated for 292 of 

549 patients at this site; 257 did not have a base deficit recorded at hospital admission (there 

was no statistically significant difference in the age, sex, or outcome between the patients 

who did and did not have a base deficit recorded). The CAM score had an AUROC of 0.74 

(95% CI, 0.67–0.82) for predicting mortality. Mortality steadily increased as the score 

increased (Table 2 and Figure 1). The PPV for survival with a CAM score <2 was 94.2% 

(95% CI, 87.0%–98.1%) (Table 3). A total of 5 (5.8%) of 86 patients with a low CAM score 

died a median of 120 h (range, 40–151 h) after hospital admission; of whom 4 (80%) of 

these 5 patients had renal failure (one of whom could not receive dialysis). The remaining 

patient developed gastrointestinal bleeding.

In the Bangladeshi series, 188 of 193 patients had a CAM score calculated (5 lacked a base 

deficit measurement at hospital admission). The mortality rate for each tier of the CAM 

score was similar to the rates in the SEAQUAMAT series (Table 2 and Figure 1). The PPV 

of a CAM score <2 for survival was 95% (95% CI, 75.1%–99.9%) (Table 3). Only 1 (5%) of 

20 patients with a low CAM score died; this patient presented with renal failure, developed 

pulmonary edema, and died 96 h after hospital admission. The patient was not able to 

receive dialysis.

Bicarbonate and respiratory CAM scores

Because a base deficit measurement is not always available, we assessed the usefulness of a 

modified CAM score using plasma bicarbonate level as the marker of acidosis (BCAM) for 

patients in SEAQUAMAT (n = 778); we used cutoff values of ≥24 mmol/L (score, 0) for 

normal, <24 mmol/L but ≥15 mmol/L (score 1) for deranged, and <15 mmol/L (score, 2) for 

very deranged to generate the acidosis component of the CAM score (Table 1). As the 

BCAM score increased, mortality increased (Table 3 and Figure 2). The AUROC for the 

BCAM score as a predictor for mortality was 0.79 (95% CI, 0.76–0.82), which was similar 

although mildly inferior to the AUROC obtained for the CAM score (P = .04). A BCAM 
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score <2 predicted 201 of 210 surviving patients in the SEAQUAMAT dataset (PPV, 95.7%; 

95% CI, 92.0%–98.0%) (Table 3). When the SEAQUAMAT data were pooled with data 

from the validation series, a BCAM score <2 predicted 220 of 230 surviving patients (PPV, 

95.7%; 95% CI, 92.1%–97.9%), very similar to the CAM score using base deficit (Table 5).

Respiratory rate in the 3 datasets showed a weak correlation with plasma base deficit (rs = 

−0.2; P < .001). Using respiratory rate as a surrogate marker for acidosis, a respiratory rate–

based CAM (RCAM) score was calculated for patients in the SEAQUAMAT dataset (n = 

867). The cutoffs values were <20 breaths/min (score, 0) for normal, 20–39 breaths/min 

(score, 1) for deranged, and ≥40 breaths/min (score, 2) for very deranged (Table 1). As the 

RCAM score increased, mortality increased (Table 3 and Figure 2). The AUROC for the 

RCAM score as a predictor for mortality was 0.68 (95% CI, 0.64–0.71), which was 

significantly inferior to the CAM score (P < .001). An RCAM score <2 predicted 196 of 213 

surviving patients in the SEAQUAMAT dataset (PPV, 92.6%; 95% CI, 88.4%–95.6%) 

(Table 3). When the SEAQUAMAT data were pooled with data from the validation series, a 

low RCAM score predicted 345 of 374 surviving patients (PPV, 92.4%; 95% CI, 89.3%–

94.9%) (Table 4).

DISCUSSION

The present study describes a simple prediction score for adult patients with severe P. 

falciparum malaria who are derived from the largest available series of prospectively studied 

patients with severe malaria. The score was developed using the multinational 

SEAQUAMAT trial conducted in Asia and was validated in 2 additional, large prospectively 

gathered datasets from Vietnam and Bangladesh. The 5-point CAM score uses only a 

patient’s GCS and the plasma base deficit and has strong predictive value for mortality. The 

CAM score is especially useful for identifying patients with a good prognosis who, 

therefore, do not require ICU care if this resource is scarce. In the absence of good ICU 

facilities, as at the SEAQUAMAT trial sites, a CAM score <2 identified 96.4% (95% CI, 

93.1%–98.5%) of the surviving patients.

Of the 14 patients who died despite having a low CAM score, 11 (79%) had acute renal 

failure. Because of limited availability in the settings where they were treated, only 4 

patients (36%) received dialysis. This emphasizes the importance of dialysis in malaria-

associated renal failure; without dialysis, mortality is ~70% [8]. In all 3 series, only 1 patient 

(0.08%) with a CAM score <2 died during the first 3 days of hospitalization. This implies 

that, if patients with a low CAM score are admitted to a general ward, there is time to 

identify renal failure by either measurement of urine output or, clearly preferable because 

nonoliguric renal failure may also occur, biochemical testing of sequential blood samples.

Base deficit has been identified as the single best clinical or laboratory of fatal outcome in 

adults with severe malaria [16]; however, its measurement requires appropriate laboratory 

facilities. Point-of-care biochemical analyzers that require a minimum of maintenance and 

can be used at costs comparable to those for commercial laboratories are now available. 

However, if the base deficit is unavailable, the substitution of less specific markers for 

metabolic acidosis—namely, BCAM score or RCAM score—provide useful information. 
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Plasma bicarbonate level is routinely measured by automated analyzers; however, although 

the BCAM score was slightly inferior to the CAM score, its clinical usefulness in identifying 

patients at low risk was similar (Table 3). The RCAM score was inferior in its ability to 

predict outcome, but a score <2 still had a PPV for survival of 92.2% (95% CI, 89.3%–

94.9%). The entirely clinical and rapidly calculable RCAM score may complement more 

rigorous assessment by the treating physician in a resource-poor setting. Evidently, an 

elevated respiratory rate may indicate not only acidosis but also pulmonary complications.

As a triage system, this simple scoring system has a significant advantage over the WHO 

definition of severe malaria, which comprises 9 clinical and 6 laboratory markers [1]. 

Admission of all patients fulfilling one of these criteria to an ICU is not feasible in any 

country where malaria is endemic. Some of the criteria have relatively little prognostic 

significance and may divert the attention of the clinician from assessing for metabolic 

acidosis, which is the single strongest prognostic indicator [16] and is frequently 

overlooked. The CAM score can provide a reliable triage mechanism for patients with 

malaria. When applied to our series, it would have led to a 26% (range, 11%–29%) absolute 

reduction in unnecessary, expensive ICU admissions.

The CAM score improves on the previously described MSA score, which also has the 

disadvantage that 1 of the score’s 4 variables, mechanical ventilation, cannot be assessed at 

hospital admission. Despite its simplicity, the AUROCs achieved using the CAM score 

(0.8–0.83 in the derivation series and 0.71–0.74 in the validation series) were similar to or 

better than the AUROCs generated by predictive scores that are widely used for community-

acquired pneumonia (0.68–0.75) [33-35], ischemic heart disease (0.63–0.66) [23], atrial 

fibrillation (0.63–0.7) [24], cerebrovascular disease (0.6–0.79) [25], and pulmonary 

embolism (0.75) [36]. The CAM score also performs well when compared with a scoring 

system devised for general medical admissions (0.67–0.72) [37]. Our results are supported 

by other studies describing prognostic variables in severe malaria. Coma and acidosis (or 

manifestations related to acidosis, such as elevated lactate level, respiratory distress, and 

renal impairment) have been previously reported as prominent risk factors for death 

associated with severe malaria [25-27, 38].

The CAM score should not be used in isolation from clinical evaluation of the patient. 

Independent indications for ICU admission, such as refractory shock, respiratory 

insufficiency, or persistent hypoglycemia may arise, although in our large dataset, these 

complications were not present in the absence of acidosis or coma. Although the central 

underlying pathophysiology in pediatric and adult severe malaria is probably similar, overall 

mortality in pediatric severe malaria is lower (~10%) [5, 15]. Although acidosis, respiratory 

distress, and impaired consciousness have been established as the strongest prognostic 

factors in series of children suffering from severe malaria in Africa [25, 26], the CAM score 

was derived for adults in a low-transmission setting in Asia. It is therefore not validated for 

pediatric severe malaria in high-transmission settings.

In conclusion, the CAM score provides a simple scoring system that can identify adults with 

a good prognosis with severe malaria. The score can be used as a triage tool for ICU 

admission.
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Figure 1. 
Mortality among adult patients with severe malaria who were enrolled in the 3 trials, by 

Coma Acidosis Malaria (CAM) score.
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Figure 2. 
Mortality among adult patients with severe malaria according to the base deficit based Coma 

Acidosis Malaria (CAM) score and the bicarbonate-based (BCAM) and respiratory rate–

based (RCAM) score. Data were pooled from all 3 studies.
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Table 1
Derivation of the Coma Acidosis Malaria (CAM) Score, Bicarbonate-Based CAM Score 
and Respiratory Rate–Based CAM Score (Assessed at Hospital Admission)

Variable

Score

0 (normal) 1 (deranged) 2 (very deranged)

Base deficit <2 2 to <10 ≥10

GCS 15 >10 to 14 ≤10

Bicarbonate score ≥24 15 to <24 <15

Respiratory rate score <20 20 to <40 ≥40

NOTE. CAM score (0–4) is calculated as the base deficit score (0–2) plus the Glasgow Coma Score (GCS; 0–2). Bicarbonate-based CAM score 
(0–4) is calculated as the bicarbonate score (0–2) plus the GCS (0–2). Respiratory rate–based CAM score (0–4) is calculated as the respiratory 
score (0–2) plus the GCS score (0–2).
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Table 2
Case Fatality Rate among Patients with Severe Malaria, by Coma Acidosis Malaria 
(CAM) Score, Bicarbonate-Based CAM (BCAM) Score and Respiratory Rate–Based 
CAM (RCAM) Score at Hospital Admission in the Validation and Derivation Series

Score, study, outcome

No. (%) of patients, by score

0 1 2 3 4 Total

CAM

 SEAQUAMAT

  Survived 91 126 (94) 209 (83) 113 (63) 44 (33) 583 (74)

  Died 0 8 (6) 43 (17) 67 (37) 88 (67) 206 (26)

 Vietnam

  Survived 21 60 (92) 79 (92) 64 (79) 21 (54) 245 (84)

  Died 0 5 (7.7) 7 (8.1) 17 (21) 18 (46) 47 (16)

 Bangladesh

  Survived 4 15 (94) 29 (73) 45 (64) 21 (36) 114 (61)

  Died 0 1 (6) 11 (27) 25 (36) 37 (64) 74 (39)

 All

  Survived 116 201 (89) 317 (84) 222 (67) 86 (38) 942 (74)

  Died 0 14 (11) 61 (16) 109 (33) 143 (62) 327 (26)

BCAM score
a

 SEAQUAMAT

  Survived 52 (98) 149 (95) 172 (85) 158 (67) 44 (34) 575

  Died 1 (2) 8 (5) 31 (15) 77 (33) 86 (66) 203

 Bangladesh

  Survived 1 18 (95) 18 (69) 58 (70) 23 (36) 118

  Died 0 1 (5) 8 (31) 25 (30) 41 (64) 75

RCAM score

 SEAQUAMAT

  Survived 26 (93) 170 (92) 157 (77) 260 (66) 24 (44) 637

  Died 2 (7) 15 (8) 48 (23) 134 (34) 31 (56) 230

 Vietnam

  Survived 1 131 (92) 95 (83) 216 (85) 25 (71) 468

  Died 0 11 (8) 20 (17) 39 (15) 10 (29) 80

 Bangladesh

  Survived 1 16 (94) 23 (82) 65 (57) 12 (43) 117

  Died 0 1 (6) 5 (18) 50 (43) 16 (57) 72

NOTE. Data are from [2,11, 28].

a
Bicarbonate level at hospital admission was not recorded in the Vietnamese series [2].
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Table 3
Predictive Value of a Low Coma Acidosis Malaria (CAM) Score, Bicarbonate-Based 
CAM (BCAM) Score and Respiratory Rate–Based CAM (RCAM) Score (<2) for Survival 
in the Derivation Series by Country and in the Validation Series

Score, study PPV, % (95% CI) No. of deaths/no. of patients with a low score

CAM

 SEAQUAMAT

  Myanmar 98.1 (90–100) 1/53

  Bangladesh 93 (83–98) 4/57

  India 100 (87.2–100) 0/27

  Indonesia 96.6 (90.4–99.3) 3/88

  Total 96.4 (93.1–98.5) 8/225

 Vietnam 94.2 (87–98.1) 5/86

 Bangladesh 95 (75–99.9) 1/20

BCAM
a

 SEAQUAMAT 95.7 (92–98) 9/210

 Bangladesh 95 (75.1–99.9) 1/20

RCAM

 SEAQUAMAT 92.6 (88.4–95.6) 17/213

 Vietnam 92.3 (86.7–96.1) 11/143

 Bangladesh 94.4 (72.7–99.9) 1/18

NOTE. Data for the derivation series are from [11], and data for the validation series are from [2, 28]. CI, confidence interval; PPV, positive 
predictive value.

a
Bicarbonate level at hospital admission was not recorded in the Vietnamese series [2].
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Table 4
Prognostic Capacity of the Coma Acidosis Malaria (CAM) Score for Mortality among 
Patients with Severe Malaria in the Derivation Series, Compared with the Malaria 
Severity Assessment (MSA) Score

Study location, score AUROC (95% CI) No. of patients

Myanmar

 CAM 0.81 (0.74–0.87) 199

 MSA 0.75 (0.68–0.82) 220

Bangladesh

 CAM 0.77 (0.72–0.82) 306

 MSA 0.71 (0.65–0.77) 301

India

 CAM 0.8 (0.72–0.88) 119

 MSA 0.78 (0.69–0.87) 119

Indonesia

 CAM 0.82 (0.73–0.91) 165

 MSA 0.75 (0.64–0.86) 165

All
a

 CAM 0.81 (0.77–0.84) 789

 MSA 0.75 (0.72–0.79) 805

NOTE. Data for the derivation series are from [11], and data for the MSA score are from [27]. AUROC, area under the receiver operating 
characteristic curve; CI, confidence interval.

a
P = .006.
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Table 5
Overall Performance of the Three Scores as a Predictor of Survival (Data from 
Derivation and Validation Series Pooled)

Score PPV, % (95% CI) No. of deaths/no. of patients with a low score

CAM 95.8 (93–97.7) 14/331

BCAM 95.7 (92.1–97.9) 10/230

RCAM 92.2 (89.1–94.7) 29/374

NOTE. BCAM, bicarbonate-based Coma Acidosis Malaria (CAM); CI, confidence interval; PPV, positive predictive value; RCAM, respiratory 
rate–based CAM.
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