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Background. Plasmodium falciparum malaria is a common cause of morbidity in African children, but identify-
ing those who are likely to die is problematic. Previous studies suggested that circulating malarial pigment might be a
useful predictor of severity, but none were large enough to detect any association with mortality.

Methods. We used thick blood smears performed on admission for 26,296 children hospitalized with P. falcipa-
rum at 1 of 6 hospitals in the Severe Malaria in African Children network to assess the prognostic value of pigment-
containing granulocytes, monocytes, and parasites.

Results. Although at all but one of the study sites the risk of mortality for subjects presenting with �5 pigmented
granulocytes per 200 white blood cells was higher than in subjects with no pigmented granulocytes, adjusted odds
ratios estimated through logistic regression, which included other established markers of severe malaria, suggested
that associations between pigmented cells and mortality were moderate to nonexistent in most sites. The predictive
ability of pigmented cells was low, as measured by the change in the area under the receiver operating characteristic
curve of logistic regression models.

Conclusions. Although high levels of pigmented cells were associated with a fatal outcome in some study sites,
they were not useful predictors of outcome across Africa.

Giovanni Maria Lancisi, in 1716, was the first to describe

the presence of black pigment in human liver, brain, and

spleen, but he did not associate these changes with ma-

laria. In 1825, Etienne Bailly reported the dark color of

cortical gray matter he observed during autopsies in

1822 of patients from Rome with malarial fever, and

Richard Bright confirmed this in his autopsy accounts in

1831. However, these observations of discolored tissues

were not extended to the recognition of malarial pig-

ment in corpuscles until Schütz, in 1846, and Meckel

von Helmsbach, independently a year later, described

brown pigment in the blood of people who died of “per-

nicious fever.” These early accounts of malarial pigment

have recently been reviewed by Poser and Bruyn [1].

It is now recognized that this pigment in patients with

malaria, known also as hemozoin, is a degradation prod-

uct of hemoglobin formed in the process of detoxifying

free heme and that it can be found in parasitized eryth-

Received 14 April 2008; accepted 31 July 2008; electronically published 15
December 2008.

Potential conflicts of interest: none reported.
Financial support: Institute of Allergy and Infectious Diseases, National Insti-

tutes of Health (grant AI45955). The funder had no role in the design and conduct
of the study; the collection, management, analysis, and interpretation of the data;
and the preparation, review, or approval of the manuscript.

The Journal of Infectious Diseases 2009; 199:142–50
© 2008 by the Infectious Diseases Society of America. All rights reserved.
0022-1899/2009/19901-0019$15.00
DOI: 10.1086/595295

C.V. had full access to all data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Author contributions: data collection, analysis, writing of manuscript (P.G.K.);
analysis and interpretation of results, writing of manuscript, editing assistance,
review of manuscript (C.V., D.W.); data collection, editing assistance, review of
manuscript (M.A.M., C.O., S.I., M.K., C.R.N., T.A., M.P., K.B.); editing assistance,
review of manuscript (S.K.); protocol development, data collection (L.B., S.M.); data
collection, writing of manuscript, editing assistance, review of manuscript, study
supervision, obtaining of funding (T.T.).

Reprints or correspondence: Dr. Terrie E. Taylor, Dept. of Internal Medicine,
B309-B W. Fee Hall, East Lansing, MI 48424 (taylort@msu.edu).

M A J O R A R T I C L E

142 ● JID 2009:199 (1 January) ● Kremsner et al.

 at O
U

P site access on A
ugust 28, 2013

http://jid.oxfordjournals.org/
D

ow
nloaded from

 

http://jid.oxfordjournals.org/


rocytes, monocytes, and granulocytes of patients with malaria.

The formation of malarial pigment (i.e., hemozoin) is a coordi-

nated 2-component process involving both lipids and histidine-

rich proteins of Plasmodium falciparum [2].

Malarial pigment has a number of biological effects, some of

which may affect immune defense mechanisms. It inhibits mac-

rophage function [3, 4] and dendritic cell functions [5], and it

can suppress erythropoiesis [6, 7]. By suppressing prostaglandin

E2 production, it leads to tumor necrosis factor overproduction,

which in turn is associated with malarial anemia [8].

In addition to these pathophysiological effects, hemozoin in

circulating cells may also be useful in diagnosing malaria [9] and

in predicting outcome. In 1995, two independent, small studies

demonstrated the potential of intraleukocytic pigment as a prog-

nostic factor in malaria [10, 11]. The Gabonese study showed a

correlation between the presence of pigment in monocytes and

the degree of anemia in children with malaria and a correlation

between pigment in neutrophils and parasitemia [10]. The Thai

study suggested that the number of pigment-containing neutro-

phils in adult patients with malaria was a rapid and simple prog-

nostic test [11]. In a follow-up study from Nigeria, the pigment-

containing neutrophil count was also a simple marker of disease

severity in childhood malaria [12]. However, none of these stud-

ies was large enough to detect an association between circulating

pigment and mortality.

To obtain more-definitive evidence of the prognostic signifi-

cance of circulating pigments for, primarily, malaria-associated

mortality, our clinical network for Severe Malaria in African

Children (SMAC) undertook a large, multicenter study of the

prognostic significance of circulating pigment [13]. Because our

sites spanned Africa and included a variety of different epidemi-

ological settings, the sample could more completely include the

epidemiologic diversity of falciparum malaria in Africa and

could generate a sample size large enough to identify any asso-

ciation between circulating pigment and disease outcome. Be-

tween the beginning and the completion of the SMAC study, 3

other smaller studies (from Gabon [14], Mali [15], and Kenya

[7]) were performed; they reported findings similar to those de-

scribed in the earlier studies.

PATIENTS, MATERIALS, AND METHODS

Design. The eligible population comprised all parasitemic

children admitted to each of the participating hospitals of the

SMAC network. The SMAC network includes sites in 5 coun-

tries: Banjul, the Gambia (Medical Research Council Laborato-

ries, Malaria Research Programme, in collaboration with the

Royal Victoria Teaching Hospital); Blantyre, Malawi (Blantyre

Malaria Project, Queen Elizabeth Central Hospital); Kumasi,

Ghana (University of Science and Technology, School of Medi-

cal Science); Kilifi, Kenya (Kenya Medical Research Institute for

Geographic Medicine); and 2 sites in Gabon, Lambarene and

Libreville, both run by the Medical Research Unit of Albert

Schweitzer Hospital [13]. A detailed description of the study

design and participating sites was provided by Taylor et al. [13,

16].

All children aged �1 to 180 months who were suspected of

having malaria and were sick enough to be hospitalized were

screened with a thick blood smear for the presence of P. falcipa-

rum parasitemia. Consent to join the study was sought from

parents/guardians of children with positive blood smears in the

appropriate local language. The consent forms were approved by

the local ethics committee or institutional review board (IRB),

by the Michigan State University IRB as the contract holder, and

by the protocol review group at the sponsoring agency, the Na-

tional Institute of Allergy and Infectious Diseases, Division of

Microbiology and Infectious Diseases.

After consent was given, a second finger prick sample of blood

was collected, and data on history of present illness and physical

findings on admission were recorded on standardized case re-

port forms. Patients were followed throughout their hospitaliza-

tion, and once results of laboratory tests and the outcome were

known, the completed form was submitted to the data entry

team at each site.

Malarial pigment assessment. Pigment-containing para-

sitized erythrocytes (PP), pigmented mononuclear leukocytes

(PM), and pigmented granulocytes (PG) were detected and

counted by a simplified method validated and described by Lell

et al. [17]. In a stained thick blood smear, the number of PP per

200 parasites, the number of PM per 200 mononuclear leuko-

cytes, and the number of PG per 200 granulocytes were counted

using a standard laboratory microscopes with 1000-fold magni-

fication.

Definitions of outcomes and other indicators of malaria

severity. Our primary outcome was mortality in patients with

malaria. We also assessed associations between pigments and

severe malaria defined on the basis of data collected at the time of

admission on Blantyre coma score, hematocrit, lactate level, glu-

cose level, and other clinical indicators. Children with a Blantyre

coma score of �2 were classified as having cerebral malaria [18].

Those whose hematocrit was �15% or whose hemoglobin level

was �5 g/dL (in sites where hematocrit was not measured) were

categorized as having severe malarial anemia. Children with a

lactate level of �5 mmol/L were categorized as having hyperlac-

tatemia, and those with a glucose level of �2 mmol/L were clas-

sified as having hypoglycemia. Hyperparasitemia was defined as

a parasite level of �500,000 parasites/�L.

Other clinical indicators of malaria severity used in these anal-

yses included deep Kussmaul respiration and/or an irregular re-

spiratory rhythm (either of these was interpreted as a sign of

respiratory distress) and the inability to sit (interpreted as a sign

of prostration). A thorough description of all clinical and labo-

ratory markers is provided elsewhere [13, 19].
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Statistical analyses. Descriptions of demographic, clinical,

and laboratory profiles and mortality outcomes by site were

based on means (and standard deviations), for normally distrib-

uted values; medians (and interquartile ranges), for skewed val-

ues; and proportions, for categorical variables. Comparison of

continuous variables across sites was based on analysis of vari-

ance and Kruskal-Wallis tests. Proportions were compared by

Pearson �2 tests. Because of heterogeneity across sites, all analy-

ses were site specific. Spearman correlation coefficients were

used to describe associations of PG, PP, and PM with markers of

severe malaria.

To study the prognostic value of pigment for malaria mortal-

ity, we estimated odds ratios (ORs) and C statistics (correspond-

ing to the areas under the receiver operating characteristic

[ROC] curves) in logistic regression models including death as

the outcome. The area under the ROC curve is a function of the

ability of a predictor to discriminate persons who survived from

those who died, because it is a function of the sensitivity and

false-positive fractions of a test. It varies from 0.5 (for the poor-

est predictors) to 1 (for perfect predictors). We also assessed the

ability of pigment to predict malaria deaths in conjunction with

other predictors on the basis of the change in the C statistic from

models excluding and those including pigment, adjusting for

other predictors. In logistic regression models, PG and PM were

categorized as 0% of cells, 0.5%–2.5% of cells, 3%–5% of cells,

and �5% of cells. Because very few subjects presented with PP,

the effect of PP was estimated on the basis of PP detection versus

no PP detection. Clinical, demographic, and laboratory variables

were selected for the models if their P values in Wald tests (ap-

proximately equal to likelihood ratio test in large populations)

were less than .01 in at least 3 sites, if they impacted the coeffi-

cients of pigment variables, or if they increased the C statistic by

�0.01 units in at least 3 sites. These analyses were performed

separately for each site, because interactions of study sites with

all other covariates included in the models (particularly with

pigment variables) were statistically significant. We chose to re-

port multivariable models including both PG and PM because

conclusions based on those models were comparable to those

based on models including PG and PM separately.

All P values are 2-tailed. Statistical analyses were performed

using SAS, version 9 (SAS Institute), and S-Plus 7 for Windows

(Insightful).

RESULTS

General description. From December 2000 through May

2005, a total of 26,389 patients were enrolled. Of these, 93 (0.4%)

were excluded from further analysis, primarily because of miss-

ing age data, an age of �180 months, or an out-of-range

weights-for-age value plus an unknown date of birth. The anal-

ysis data set thus included 26,296 subjects. Demographic char-

acteristics, medical history, clinical presentation, and laboratory

findings on admission varied across the 6 sites (table 1). A total of

205 subjects absconded, and an additional 55 subjects had miss-

ing outcomes. There were 1129 deaths (overall mortality, 4.3%)

among the 26,036 subjects with observed outcomes. Between-

site differences were statistically significant (P � .001) for all

variables except sex. Mortality rates were highest in Banjul

(9.5%); intermediate in Libreville (5.1%), Kumasi (4.5%), and

Kilifi (3.6%); and lowest in Blantyre (2.5%) and Lambarene

(1.4%).

The distribution of pigmented cells also varied across the 6

sites (P � .001 for each) (table 1). Overall, 37% of subjects had

PG, and the median percentage of cells with pigment was low

(2% of granulocytes). Sixty-three percent of subjects had PM,

and again, the median percentage of cells with pigment was low

(4% of mononuclear leukocytes). Patients in Libreville and

Lambarene had the highest percentages of granulocytes and

mononuclear leukocytes that contained pigment. PP was a rare

finding, present in only 3% of patients overall, among whom a

median of 5% of parasitized erythrocytes were pigmented.

Association between pigmented cells and other biological

markers of severe malaria. Table 2 explores whether pig-

mented cells were associated with any severe clinical manifesta-

tion that could contribute to the subject’s death. The percentages

of granulocytes and mononuclear leukocytes containing pig-

ment were each correlated with parasitemia (Spearman rank

correlation coefficients, 0.25– 0.44 and 0.17– 0.57, respectively),

with the weakest correlations observed in Blantyre (table 2). The

percentage of mononuclear leukocytes containing pigment was

negatively correlated with hematocrit (Spearman rank correla-

tion coefficients, �0.16 to �0.40). The percentage of parasitized

erythrocytes containing pigment was not correlated with any

other marker of disease. Correlations between pigmented cells

and glucose level were near 0 and did not reach statistical signif-

icance in any site.

Association between pigment in cells and mortality. The

distributions of PG and PM in subjects with malaria who died

and survived were skewed with medians close to 0, although

counts of these cells were slightly higher among subjects who

died (figure 1). In models that included pigment variables and

study sites, interactions with study sites were statistically signif-

icant (P of interaction with site was �.001 for PG, .002 for PM,

and .02 for PP). Therefore, all analyses for the association with

mortality were performed separately for each site.

In crude models, the risk of mortality increased with an in-

crease in PG, reaching statistical significance in all sites except

Kilifi (table 3). Despite these statistically significant differences,

the predictive ability of PG for mortality (as measured by C sta-

tistics, or areas under the ROC curves) was low in most sites. The

risk of mortality tended to increase with an increase in PM only

in Banjul and Blantyre, with less consistent patterns at the other

sites (table 3); the predictive ability was low. The presence of PP
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Table 1. Demographic, clinical, and laboratory characteristics and outcomes of African children with malaria

Variable

Severe Malaria in African Children network sitea

Banjul
(n � 3406)

Blantyre
(n � 5407)

Kilifi
(n � 6961)

Kumasi
(n � 6970)

Lambarene
(n � 1807)

Libreville
(n � 1745)

Demographic characteristic

Age, median (IQR), months 32 (18–51) 26 (13–46) 26 (14–43) 24 (12–42) 28 (16–56) 25 (15–43)

Male sex 52 54 54 55 53 53

Weight, mean � SD, kg 12.7 � 6.2 11.8 � 5.4 10.8 � 4.4 11.5 � 5.2 13.4 � 7.1 12.1 � 4.8

Weight-for-age z score, mean � SD �2.0 � 1.7 �1.9 � 1.7 �2.4 � 1.7 �1.7 � 1.6 �1.5 � 1.5 �1.3 � 1.6

Clinical history

Seizures 43 21 22 43 23 46

Vomiting 72 43 31 56 58 56

Examination finding at admission

Deep breathing 13 6 12 15 2 8

Indrawing 14 3 15 18 4 6

Irregular breathing 12 5 2 5 2 5

Unable to sit 47 32 28 50 21 51

Blantyre coma score

�2 8 6 10 12 5 12

�4 24 10 20 24 11 34

Temperature, mean � SD, °C 37.8 � 1.1 38.4 � 1.1 38.2 � 1.2 37.8 � 1.1 38.5 � 1.1 38.6 � 1.1

Laboratory findings at admission

Parasite level

Median (IQR), parasites/�L 20,000
(2000–78,000)

83,000
(33,000–189,000)

39,000
(3000–214,000)

66,000
(14,000–242,000)

51,000
(9000–200,000)

72,000
(16,000–220,000)

�500 parasites/nL (hyperparasitemia) 0.2 5 9 11 10 6

Hematocrit, mean � SD, % 21 � 9b 27 � 8 25 � 8 20 � 7 23 � 7 20 � 7

Severe anemiac 31 9d 12 29 15 26

Glucose level

Mean � SD, mmol/L 6.6 � 3.0e 5.5 � 2.0 5.4 � 2.4 5.5 � 3.0 4.2 � 1.8 5.6 � 2.4

�2.2 mmol/L (hypoglycemia) 6e 3 5 5 11 3

Lactate level

Mean � SD, mmol/L 5.4 � 4.0 4.9 � 4.0 . . .f 4.3 � 3.3 4.3 � 2.6 4.9 � 3.9

�5 mmol/L (hyperlactatemia) 38 32 . . .f 26 27 31

Pigmented granulocytes

Percentage 30 16 40 42 55 70

Median (IQR), % of granulocytes 1.5 (1–4) 1 (0.5–2) 2.5 (1.5–5) 2.5 (1.5–5) 1.5 (0.5–3) 1.5 (1–3)

Pigmented mononuclear leukocytes

Percentage 70 54 50 67 81 89

Median (IQR), % of mononuclear
leukocytes

5 (2–12) 2 (1–4) 3.5 (1.5–6.5) 4 (2–7) 2.5 (1–5) 4 (2–7)

Pigment-containing parasitized
erythrocytes

Percentage 5 1 6 1 5 0.3

Median (IQR), % of parasitized
erythrocytes

0.5 (0.5–1) 1.5 (0.5–5.5) 1.5 (0.5–3) 4 (1.5–19.8) 1 (0.5–1.5) 0.5 (0.5–0.5)

Outcome

Mortality 9.5 2.5 3.6 4.5 1.4 5.1

NOTE. Data are percentage of subjects, unless otherwise indicated. Sample sizes reported in this table and used for estimation of proportions include subjects
who had missing outcomes or were lost to follow-up. IQR, interquartile range.

a Pearson �2 tests were used to compare proportions, Kruskal-Wallis tests were used to compare parasitemia levels and age, and analysis of variance was used
to compare other continuous variables. P values were �.001 for each comparison except sex, for which the P value was .10. Although we report descriptive
statistics on pigments for subjects with pigmented cells, associated P values were estimated on the basis of the whole pigment distribution, including 0 values.

b Not determined in 68% of subjects.
c Defined as a hematocrit of �15% or a hemoglobin level of �5 g/dL.
d Not determined in any subjects.
e Not determined in 34% of subjects.
f Not determined in any subjects.
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was associated with increased mortality at 3 study sites (Blantyre,

Kumasi, and Lambarene), but again, the predictive ability was

low.

In models including both PG and PM, relevant predictors of

mortality in at least 3 sites included hyperlactatemia (lactate

level, �5 mmol/L), coma (Blantyre coma score, �2), deep

breathing, prostration, hypoglycemia (glucose level, �2.2

mmol/L), and lower weight-for-age z score (table 4). For most

sites, although crude ORs suggested that increasing PG levels

were associated with an increased risk of mortality (table 3),

adjusted models showed that the risk of mortality for subjects in

whom �5% of granulocytes were pigmented was similar to that

for subjects with no PG (table 4). However, in Blantyre, Kumasi,

and Lambarene, the risk of mortality for subjects in whom �5%

of granulocytes were pigmented was statistically significantly

higher than that for subjects with no PG. After controlling for

PM and the other predictors of mortality, there was a statistically

significant association between PM and reduced mortality in

Banjul, Kilifi, and Kumasi (table 4). Despite these statistically

significant associations, the cumulative ability of PG and PM to

predict mortality was relatively low in all areas except Lam-

barene. In particular, the predictive ability of the multivariable

logistic regression models increased only slightly when catego-

rized PG and PM were added to the model containing hyperlac-

tatemia, coma, deep breathing, prostration, hypoglycemia, and

weight-for-age z scores (the change in the C statistic was �0.01

in all sites except Lambarene, where it was 0.05). These results

are confirmed by the ROC curves presented in figure 2.

Table 2. Spearman rank correlation coefficients for associations between pig-
mented cells and other disease markers in African children with malaria by site.

Variable

Severe Malaria in African Children network site

Banjul Blantyre Kilifi Kumasi Lambarene Libreville

PG percentage
Hematocrita 0.01b �0.16 �0.29 �0.02 �0.14 �0.07
Parasitemia 0.44 0.25 0.40 0.39 0.42 0.37
Lactatemia 0.23 0.17c . . .d 0.27 0.13 0.13
BCS �0.16 �0.14 �0.13 �0.17 �0.18 �0.13
PM percentage 0.51 0.43 0.67 0.54 0.55 0.48
PP percentage 0.21 0.06 0.20 0.11 0.21 0.04b

PM percentage
Hematocrit �0.16 �0.37 �0.40 �0.20 �0.30 �0.21
Parasitemia 0.57 0.17 0.31 0.30 0.29 0.23
Lactatemia 0.29 0.15 �d 0.22 0.07 0.12
BCS �0.12 �0.12 �0.10 �0.09 �0.16 �0.07
PP percentage 0.21 0.05 0.21 0.08 0.13 0.01b

NOTE. P values for all correlations coefficients are �.005, unless otherwise indicated. BCS,
Blantyre coma score; PG percentage, % of granulocytes containing pigment; PM percentage, % of
mononuclear leukocytes containing pigment; PP percentage, % of parasitized erythrocytes containing
pigment.

a In Banjul, values were imputed for subjects with an unknown hematocrit but a known hemoglobin
level. Imputations were based on the regression equation line for the association between hematocrit
and hemoglobin level for subject with information on both tests in Banjul (hematocrit � 3.2907 �
2.7170 	 hemoglobin level).

b P � .10.
c P � .03.
d Not determined in any subjects.

Figure 1. Distribution of malaria pigment in granulocytes, mononuclear
leukocytes, and parasitized erythrocytes from African children who survived
or died from malaria. Comparisons between children who survived and those
who died reached statistical significance in each group (P � .001 for each
comparison). Solid bars, median values; upper hinges, 75th percentiles;
lower hinges, 25th percentiles; whiskers, most-extreme values within 1.5
	 interquartile range; stars, 95th percentiles.
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Inclusion of additional predictors in models for any of the

sites did not affect appreciably either the ORs or confidence in-

tervals (CIs) for the effects of circulating pigment on mortality.

Similarly, exclusion of nonsignificant predictors from models of

specific sites did not alter these estimates. Exclusion from the

models variables that resulted in large numbers of missing sub-

jects in Banjul, Blantyre, Lambarene, and Libreville did not affect

these conclusions. Further separation of the PG category of

�5% of cells into 5.5%–10% of cells and �10% of cells did not

appreciably affect results. Dichotomization of PG into no PG

detection and any PG detection yielded adjusted ORs that were

close to 1 and did not reach statistical significance at any site.

This lack of association between the presence of any PG and

mortality in the dichotomized PG analysis was likely a result of

the high contribution of subjects with low levels of pigmented

granulocytes (i.e., those with pigment in 0.5%–2.5% of cells and

those with pigment in 3%–5% of cells) to the overall risk among

subjects with PG detected, because the percentage of granulo-

cytes with pigment was �5% in most subjects.

Because of the small percentage of subjects (3%) with PP,

separate adjusted models that included PP (and not PG and PM)

were required. The adjusted odds of mortality were increased in

Table 3. Mortality risk and distribution of cells with malaria pigment among African children with malaria.

Variable

Severe Malaria in African Children network site

Banjul
(n � 3337)

Blantyre
(n � 5323)

Kilifi
(n � 6922)

Kumasi
(n � 6933)

Lambarene
(n � 1794)

Libreville
(n � 1727)

Death, no. of subjects 316 135 249 315 26 88
Pigment distribution among granulocytes

Mortality risk, % of subjects
0% of granulocytes 8.1 2.0 3.4 3.7 0.6 4.6
0.5%–2.5% of granulocytes 10.3 4.1 3.5 3.3 1.4 3.7
3%–5% of granulocytes 15.1 6.7 3.4 6.4 2.4 8.3
�5% of granulocytes 19.6 19.6 5.3 10.4 7.9 11.9

Crude OR (95% CI)a

0.5%–2.5% of granulocytes 1.3 (1.0–1.7) 2.1 (1.4–3.2) 1.0 (0.7–1.4) 0.9 (0.6–1.2) 2.2 (0.7–6.5) 0.8 (0.5–1.3)
3%–5% of granulocytes 2.0 (1.3–3.1) 3.5 (1.5–8.3) 1.0 (0.6–1.6) 1.8 (1.2–2.5) 3.9 (1.0–14.7) 1.9 (1.0–3.4)
�5% of granulocytes 2.8 (1.8–4.2) 12.0 (6.0–24.0) 1.6 (1.1–2.4) 3.0 (2.2–4.0) 13.6 (4.2–43.8) 2.8 (1.4–5.7)

P b �.001 �.001 .14 �.001 �.001 �.001
C statistic 0.56 0.60 0.52 0.60 0.70 0.61

Pigment distribution among mononuclear
leukocytes

Mortality risk, % of subjects
0% of mononuclear leukocytes 8.4 1.7 3.9 4.8 1.2 6.5
0.5%–2.5% of mononuclear leukocytes 6.9 2.6 3.0 4.3 1.1 5.1
3%–5% of mononuclear leukocytes 8.0 4.5 3.2 3.8 1.4 4.3
�5% of mononuclear leukocytes 12.9 4.5 3.8 4.9 2.7 4.7

Crude OR (95% CI)a

0.5%–2.5% of mononuclear leukocytes 0.8 (0.6–1.2) 1.6 (1.0–2.4) 0.8 (0.5–1.1) 0.9 (0.7–1.2) 0.9 (0.3–3.0) 0.8 (0.4–1.5)
3%–5% of mononuclear leukocytes 0.9 (0.6–1.4) 2.8 (1.7–4.6) 0.8 (0.5–1.3) 0.8 (0.6–1.1) 1.1 (0.3–4.3) 0.6 (0.3–1.4)
�5% of mononuclear leukocytes 1.6 (1.2–2.2) 2.8 (1.6–4.7) 1.0 (0.7–1.4) 1.0 (0.8–1.4) 2.3 (0.7–7.6) 0.7 (0.3–1.4)

P b �.001 �.001 .42 .41 .22 .69
C statistic 0.58 0.61 0.53 0.53 0.59 0.53

Pigment distribution among parasitized
erythrocytes

Mortality risk, % of subjects
0% of parasitized erythrocytes 9.3 2.4 3.6 4.5 1.2 5.1
�0% of parasitized erythrocytes 13.4 12.3 3.8 13.9 5.7 0

Crude OR (95% CI)a

�0% of parasitized erythrocytes 1.5 (1.0–2.4) 5.6 (2.5–12.6) 1.1 (0.6–1.0) 3.5 (1.8–6.8) 4.8 (1.8–13.1) . . .
P b .07 �.001 .81 .001 .002 . . .
C statistic 0.51 0.52 0.50 0.51 0.57 . . .

NOTE. Sample sizes exclude subjects who had missing outcomes or were lost to follow-up. CI, confidence interval; OR, odds ratio.
a Subjects in whom no pigmented cells of the specified type were detected served as the comparison group.
b P values for pigment terms were estimated through Wald tests in logistic regression models.

Circulating Pigmented Cells and Malaria Outcome ● JID 2009:199 (1 January) ● 147

 at O
U

P site access on A
ugust 28, 2013

http://jid.oxfordjournals.org/
D

ow
nloaded from

 

http://jid.oxfordjournals.org/


subjects with PP in Kumasi (OR, 3.9; 95% CI, 1.8 – 8.3;

P � .001) and in Banjul (OR, 2.2; 95% CI, 1.1– 4.7; P � .04).

The addition of PP terms also led to negligible changes in the

predictive abilities of the regression models (changes in predic-

tive abilities were �.01 for all sites).

Association between pigmented cells and mortality in the

different clinical manifestations. To identify subgroups of

children in which PG and PM could predict malaria-associated

mortality, we compared the association of mortality and pig-

mented cells between subjects with and subjects without each

severe malaria syndrome (i.e., hypoglycemia, severe anemia, hy-

perparasitemia, hyperlactatemia, and deep breathing). Because

of small numbers of subjects, Lambarene was excluded from

these analyses, since many models for this site did not converge.

The ORs were similar between subjects with and subjects with-

out each syndrome, and interaction terms were not statistically

significant in regression models predicting death. Furthermore,

the differences in the C statistics for PG between subgroups of

subjects were generally small and not statistically significant,

suggesting that PG and PM were not good surrogate markers for

mortality even in these distinct subgroups. Models did not al-

ways converge in these analyses because of the small number of

deaths in some subgroups.

DISCUSSION

Simple, reliable, and rapidly assessable markers of mortality in

patients with malaria and disease severity are needed to comple-

ment the diagnosis of malaria, which still relies primarily on

blood film examination. On the basis of preliminary studies,

circulating malaria pigment was an appealing potential marker

of adverse outcome in severe disease because its assessment did

not require additional resources. The SMAC network repre-

Table 4. Findings of logistic regression analysis to determine adjusted odds ratios (ORs) of the associations between pigmented cells
and mortality among African children with malaria.

Variable

Adjusted OR (95% CI), by Severe Malaria in African Children network site

Banjul
(n � 1712)

Blantyre
(n � 4857)

Kilifi
(n � 6576)

Kumasi
(n � 6622)

Lambarene
(n � 1311)

Libreville
(n � 1291)

Death, no. of subjects 180 117 220 291 17 67
Pigment distribution among granulocytesa

0.5%–2.5% of granulocytes 1.3 (0.8–2.0) 1.0 (0.6–1.8) 1.2 (0.8–1.9) 1.2 (0.8–1.7) 4.7 (0.8–26.9) 0.7 (0.3–1.6)
3%–5% of granulocytes 1.0 (0.5–2.0) 1.1 (0.4–2.9) 1.0 (0.5–1.8) 2.2 (1.4–3.5) 0.9 (0.1–13.9) 2.0 (0.8–5.1)
�5% of granulocytes 0.9 (0.4–1.8) 5.5 (2.2–13.7) 1.0 (0.6–1.8) 2.6 (1.7–3.9) 11.8 (1.4–97.7) 1.7 (0.6–5.1)
P b .69 .003 .78 �.001 .05 .07

Pigment distribution among mononuclear
leukocytesa

0.5%–2.5% of mononuclear leukocytes 0.5 (0.3–0.9) 1.2 (0.7–2.0) 0.5 (0.3–0.8) 0.5 (0.3–0.8) 0.4 (0.1–2.9) 0.7 (0.3–2.0)
3%–5% of mononuclear leukocytes 0.4 (0.2–0.7) 1.3 (0.7–2.6) 0.7 (0.4–1.2) 0.4 (0.2–0.6) 0.4 (0.1–3.4) 0.5 (0.2–1.7)
�5% of mononuclear leukocytes 0.8 (0.5–1.3) 0.7 (0.3–1.4) 0.5 (0.3–0.9) 0.4 (0.2–0.6) 0.6 (0.1–4.8) 0.4 (0.1–1.4)
P b .005 .27 .03 �.001 .77 .49

Other predictorsc

Hyperlactatemia (lactate level �5 mmol/L) 3.0 (2.1–4.4) 2.2 (1.4–3.5) - 1.7 (1.3–2.3) 0.9 (0.3–3.1) 4.8 (2.4–9.5)
Coma (BCS �2) 2.1 (1.4–3.2) 3.7 (2.3–6.0) 2.3 (1.6–3.3) 3.7 (2.7–4.9) 3.1 (0.8–11.6) 5.4 (2.8–10.4)
Deep breathing 2.5 (1.7–3.7) 2.8 (1.8–4.5) 3.4 (2.5–4.7) 3.5 (2.6–4.6) 4.8 (1.2–18.7) 2.5 (1.2–4.9)
Prostration 3.4 (2.2–5.2) 4.6 (2.6–8.0) 2.9 (2.0–4.3) 1.9 (1.3–2.7) 5.2 (1.4–19.6) 1.8 (0.8–4.3)
Hypoglycemia (glucose level �2.2 mmol/L) 1.7 (1.0–2.9) 3.0 (1.7–5.4) 3.7 (2.6–5.3) 3.6 (2.5–5.0) 2.1 (0.6–8.2) 2.5 (1.1–5.8)
Weight-for-age z score 0.9 (0.8–1.0) 0.8 (0.7–0.9) 0.8 (0.7–0.8) 0.9 (0.8–0.9) 0.8 (0.6–1.2) 0.9 (0.7–1.0)

Change in area under ROC curve due to
inclusion of PP and PMd 0.01 0 0 0 0.05 0

NOTE. Results were based on subjects with available information for all variables included in the adjusted regression models. BCS, Blantyre coma score; CI,
confidence interval; PG, pigmented granulocytes; PM, pigmented mononuclear leucocytes; PP, pigment-containing parasitized erythrocytes.

a Subjects in whom no pigmented cells of the specified type were detected served as the comparison group.
b All P values were estimated through Wald tests in adjusted logistic regression models. One model included both PG and PM, adjusting for other predictors.

A separate model included PP alone, adjusting for other nonpigment predictors (only results for PP are presented above).
c For all covariates included in models other than PG and PM, P � .001 in Banjul for all variables except hypoglycemia (P � .04) and weight-for-age z score

(P � .07); P � .001 in Blantyre, Kilifi, and Kumasi; and P � .01 in Libreville for all variables except prostration (P � .19), hypoglycemia (P � .03), and weight-
for-age z score (P � .12). In Lambarene, P � .88 for hyperlactatemia, P � .09 for coma, P � .02 for deep breathing, P � .01 for prostration, P � .27 for
hypoglycemia, and P � .31 for weight-for-age z score. Lactate level was not measured in Kilifi. No subject in Libreville with PP detected died.

d Estimation of the area under the receiver operating characteristic (ROC) curve was based on the C statistic of the regression models. The areas under the
ROC curves of the model-based criteria, including all covariates, were 0.809 in Banjul, 0.876 in Blantyre, 0.865 in Kilifi, 0.843 in Kumasi, 0.870 in Lambarene, and
0.881 in Libreville.
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sented an opportunity to test definitively the usefulness of enu-

merating circulating pigmented cells in persons with malaria

across Africa. Our hypothesis was that the level of circulating

malaria pigment could complement assessment with other ob-

jective markers of disease severity, such as blood glucose, lactate,

and hemoglobin levels.

We found that, although circulating pigmented cells were as-

sociated with a fatal outcome in some study sites, they were not

useful markers of fatal outcome for individual patients. Only an

increased PG level (�5% of granulocytes) was associated with

mortality, an effect noted in 5 sites. However, after accounting

for other clinical manifestations and laboratory markers of se-

verity, this association remained significant only in 3: Blantyre,

Kumasi, and Lambarene. Even when malaria was categorized by

other indicators of disease severity, such as coma score and met-

abolic markers, no additional useful associations emerged be-

Figure 2. Receiver operating characteristic curves assessing pigment and other predictors as prognostic factors for mortality. Predictions were based
on site-specific logistic regression models using only pigmented granulocytes (PG; A), only pigmented mononuclear leukocytes (PM; B ), other relevant
predictors but no pigment variables (C ), and including PG, PM, plus other relevant predictors (D). Other relevant predictors included hyperlactatemia,
coma, deep breathing, prostration, hypoglycemia, and weight-for-age z scores (table 4). · · · ·, Banjul; — – —, Blantyre; — · · · —, Kilifi;
— —— —, Kumasi; ———, Lambarene; — · —, Libreville.
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tween circulating pigmented cells and outcome in any of the

subgroups.

Our findings that higher PG values are associated with higher

parasite levels confirm a previous demonstration of this phe-

nomenon [10]. Because the circulation half-life of granulocytes

is relatively short (i.e., �24 h), these cells may thus serve as real-

time markers of parasite growth and maturation. In contrast, the

degree of anemia correlates best with increased PM; these white

cells live longer and may indicate more-chronic infection. This

association is also consistent with earlier findings [10]. In this

study, we found relatively few PP, which may be due to the fact

that all slide readings were performed on thick blood smears,

where erythrocytes are lysed. However, when thin films of sam-

ples obtained at the same time were examined, intraerythrocytic

pigment was very rarely present. In our study, the association of

PP with outcome was poor.

The SMAC study included a broad spectrum of parasitemic

children sick enough to be admitted to a hospital, whereas some

of the earlier studies focused on patients with specific complica-

tions of severe malaria. Only 37% of the SMAC patients had

pigmented granulocytes, compared with 54%–100% of subjects

in previous studies, and only 63% of the SMAC population had

pigmented mononuclear leukocytes, compared with 70%–100%

in the former studies. The percentage of parasitized erythrocytes

in the SMAC patients was also lower, with median values rang-

ing from 1% to 5%. The discrepancies between the SMAC

patient population and the patients included in the previous

studies may reflect the fact that a proportion of the SMAC pop-

ulation had only moderately severe malaria.

In contrast to all previously published studies, this study was

large enough to use mortality as an end point. There was signif-

icant heterogeneity between sites: higher proportions of patients

had PM and PG in Lambarene and Libreville than in the other

SMAC sites. However, despite site differences in the prognostic

ability of pigments and several clinical manifestations across

sites, conclusions were consistent in all 6 sites with regard to

pigments. The crude ORs indicated an association between pig-

mented cells and disease severity in most sites, but the C statistics

were low (close to 0.5), suggesting that presence of pigment was

a weak prognostic factor. The associations disappeared when

adjusted ORs were estimated in models that included more clin-

ical and laboratory features. This large study highlights the limits

of using circulating pigmented blood cells as a prognostic

marker of malaria in individual patients across Africa.
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