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Abstract

Background: For rapid initiation of anti-malarial treatment and prevention of complications, early diagnosis and risk
stratification is important in patients with Plasmodium falciparum malaria. Routine laboratory values do not
correlate well with disease severity. The aim of this study was to determine the diagnostic and prognostic value of
several biomarkers related to inflammation; endothelial and cardiac dysfunction; coagulation, and haemolysis in
imported P. falciparum malaria.

Methods: In a prospective case-control study, 79 adult travellers with both uncomplicated and complicated
P. falciparum malaria were included between 2007 and 2011. Forty-one healthy subjects were included as controls.
Blood samples were obtained within 24 hours after first consultation to assess routine laboratory values as well as
markers related to inflammation (PAPP-A, copeptin, CRP), endothelial activation (MPO, elastase-2, endothelin-1,
sICAM-1, sVCAM-1), cardiac function (NT-proBNP, MR-proANP), coagulation (fibrinogen, D-dimers, platelet count),
and haemolysis (LDH). Prognostic performance was assessed using the receiver operating characteristic curve (area
under the curve = AUROC).

Results: Twelve (15.2%) patients had severe P. falciparum malaria. In the patient group, significant thrombocytopaenia
was found, all other markers but PAPP-A were significantly elevated. Diagnostic performance was best for CRP with an
AUROC of 1.00, followed by MPO (0.99), D-dimers (0.98), elastase-2 (0.98), and sICAM-1 (0.98). Biomarker levels did not
correlate well with disease severity.

Conclusion: The combination of travel history, fever prior to blood sampling, and CRP serum levels above or below
10.8 mg/l upon hospital admission, best discriminated between malaria patients and control persons. None of the
biomarkers studied predicted the presence or the development of malaria complications, neither at the time of
admission, nor during hospitalization.
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Background
Malaria remains the most important parasitic disease with
an estimated number of deaths of 1.2 million in 2010, es-
pecially amongst children under five [1,2]. More than 125
million travellers visit malaria-endemic regions each year
and more than 10,000 return with malaria [3]. Plasmo-
dium falciparum malaria is a medical emergency [4]. For
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rapid initiation of anti-malarial treatment, and in order to
prevent complications, early diagnosis is important, in par-
ticular with non-immune travellers. Molecular genetic
techniques have added diagnostic sensitivity and species
specificity to classic blood microscopy, but they remain
both expensive and time consuming.
Prompt anti-parasitic treatment does not always pre-

vent complicated courses of disease. Clinical symptoms
can deteriorate rapidly, progressing to life-threatening
conditions, such as coma, renal failure and pulmonary
oedema [5,6]. The onset of complicated malaria is not
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always reflected by significant changes in standard la-
boratory and parasitological parameters. For example,
the progression from mildly impaired consciousness to
coma, may occur within hours at low peripheral parasite
levels, and with normal or slightly altered biochemical
laboratory parameters. Prognostic markers could be of
clinical relevance as case fatality rates rise rapidly with
time and can reach up to 10.5% in imported severe mal-
aria [7]. In industrialized countries, many malaria pa-
tients initially present to physicians who, lack expertise
in diagnosing Plasmodium infection, judging the disease
severity, and prognosis after the diagnosis has been
established by standard microscopy. Diagnosis and treat-
ment may be postponed until the patient is referred to a
tropical disease specialist. In this setting it would be
favourable to have a combination of biomarkers that are
sensitive for malaria and correlate with disease severity.
Biomarkers are distinct biochemical substances that

are indicators of a patient’s current state of health. They
can be used to diagnose and predict the progress and
outcome of many diseases. Ideally, a biomarker should
fulfil the following criteria: i) ability to diagnose a dis-
ease; ii) ability to identify patients at risk; iii) ability to
stratify patients depending on disease severity; iv) ability
to provide prognosis; v) ability to provide guidance in
treatment; and, vi) ability to identify the risk for long-
term complications.
The parasite’s virulence factors, as well as the host’s

immune system, play an important role in the disease’s
clinical manifestation and severity. Plasmodium fal-
ciparum malaria is a multisystem disorder, potentially
affecting every organ of the body. Due to P. falciparum-
specific pathophysiology, systemic inflammation, endothe-
lial activation, coagulopathy, and circulatory dysfunction
often occur.
A panel of markers related to inflammation [proarginin-

vasopressin (copeptin), metzincin pregnancy associated
plasma protein-A (PAPP-A), C-reactive protein (CRP)],
endothelial activation [myeloperoxidase (MPO), elastase-2,
endothelin-1, soluble intercellular adhesion molecule-1
(sICAM-1), soluble vascular adhesion molecule-1 (sVCAM-
1)], cardiac function [N-terminal pro-brain natriuretic
peptide (NT-proBNP), midregional pro-atrial natriuretic
peptide (MR-proANP)], and coagulation (fibrinogen, D-
dimers, platelet count) was selected. Lactate dehydrogen-
ase (LDH) was determined as a marker for haemolysis.
PAPP-A and myeloperoxidase had not been tested in mal-
aria before.
Regarding the role of these parameters, two aspects

were examined in this case control study: i) the potential
of diagnostic capacities, or whether there is an associ-
ation with imported P. falciparum infection at all; and,
ii) the association with disease severity. The hypothesis
that particularly arises in this context is that if the
biomarkers correlate with disease severity in P. falcip-
arum malaria, according to World Health Organization
(WHO) criteria or to national guidelines, patients with
elevated markers are at risk even without consideration
of the guidelines. However, to prove this hypothesis fur-
ther prospective studies are needed.

Methods
Study site and participants
Between June 2007 and February 2011, patients with
imported P. falciparum malaria were screened at the in-
and outpatient departments of the Section for Tropical
Medicine at the University Medical Centre Hamburg-
Eppendorf, which is a tertiary hospital in Hamburg,
Germany. Eligible patients had to be older than 18 years.
Exclusion criteria were evidence of other significant in-
fection, inability to give informed consent, and preg-
nancy. Complicated malaria was diagnosed according to
the current guidelines of the German Society for Trop-
ical Medicine and International Health (DTG) and
modified WHO criteria [8,9] (see Additional file 1). In
brief, criteria for severe malaria included acute renal in-
sufficiency (serum creatinine >2.5 mg/dl), hyperpara-
sitaemia (>5% parasitized erythrocytes), severe anaemia
(haemoglobin <80 g/l), and neurological symptoms (im-
paired consciousness, coma or cerebral convulsions).
Anti-malarial treatment was initiated according to the
above-mentioned national guidelines and consisted mainly
of mefloquine or atovaquone/proguanil for uncompli-
cated, as well as intravenous quinine in combination
with either doxycycline or clindamycin for complicated
life-threatening disease. Healthy adult volunteers were
screened as controls.

Study procedures
At the first presentation, physical examination was
performed by a study physician after obtaining informed
consent and taking the history. Clinical parameters in-
cluded arterial blood pressure, heart rate and axillary body
temperature. Plasmodium falciparum infection and para-
site density were diagnosed by conventional light micros-
copy of asexual blood stage parasites from Giemsa-stained
thick and thin blood smears. A parasitaemia <1% was cal-
culated from thick film, according to the number of leuko-
cytes per 20-50 fields of vision. If parasitaemia was ≥1%,
parasites were calculated from thin films, according to
300-1,000 erythrocytes. Within the first 24 hours of pres-
entation routine blood parameters, including full blood
count, creatinine, liver enzymes, and total bilirubin were
assessed and additional samples were obtained for the
inflammatory markers copeptin, PAPP-A and CRP.
The endothelial markers tested were MPO, elastase-2,
endothelin-1, sICAM-1, and sVCAM-1. The cardiac
markers tested were NT-proBNP and MR-proANP.
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Further markers included the coagulation markers fibrino-
gen und D-dimers, and LDH as a reference marker for
haemolysis.
CRP, LDH, differential full blood count, fibrinogen and

D-dimers were measured by standard in-house tests. The
following test kits were used for the remaining, above
mentioned biomarkers: BRAHMS Copeptin KRYPTOR,
PAPP-A KRYPTOR, and MR-proANP KRYPTOR (com-
mercially available immunofluorescence assays by Thermo
Scientific, Hennigsdorf, Germany, who kindly provided
some of these kits), ELH-sICAM1-001, (Human ELISA kit
by RayBio, Norcross, USA), Human sVCAM-1 Platinum
ELISA BMS232 (by eBioscience, Frankfurt, Germany),
PMN Elastase kit BE59311 (ELISA by IBL-America
Minnesota, USA), endothelin kit BI-20052 (ELISA by
Biomedica, Vienna, Austria), CardioMPO kit (by Cleveland
HeartLab 7601, Ohio, USA). The NT-proBNP ELISA used
was Dimension Vista System by Siemens Healthcare Diag-
nostics Ltd, Camberley, UK. The commercial kits were
used according to the protocols of the various manufac-
turers who ensured quality control and reproducibility.
Reproducibility was verified by selected replicates, quanti-
fication was achieved by standard curves performed in du-
plicates. Blinded testing of the samples was performed. In
order to assure the good quality of biomarker research,
study design and procedures were conducted according to
the Reporting Recommendations for Tumor Marker Prog-
nostic Studies (REMARK) checklist [10].
Statistical analysis
SPSS statistics 17.0 software (SPSS Inc.® Chicago, IL,
USA) was used for statistical analyses. In order to obtain
information about the biomarkers’ potential for differen-
tiation between malaria patients and controls, as well as
between patients with uncomplicated and complicated
malaria, results were graphically displayed in box plots.
Next, the biomarkers were examined applying receiver
operating characteristic (ROC) curves for illustration of
sensitivity and specificity. The area under the ROC curve
(AUROC) and their corresponding 95% confidence in-
tervals were calculated. The highest AUROC possible
was 1.0, defining the theoretically most perfect test with
a sensitivity and specificity of 100%. An AUROC of 0.8-
0.9 represented a good test, an area of 0.7-0.8 a fair test.
A result <0.7 was considered a poor test, an area of 0.5
indicated a worthless test. Pearson’s correlation co-
efficient was used to assess correlation amongst the dif-
ferent biomarkers. No significant association was found
between test results and creatinine levels. Each marker’s
best cut-off point was calculated by Youden’s index. A
P-value of <0.05 was set as level for statistical signifi-
cance. Due to the pronounced high collinearity, multi-
variate analysis was not done.
Ethic approval
The study protocol was approved by the Ethics Committee
of the Board of Physicians in Hamburg, Germany.

Results
Baseline characteristics
Of 91 patients with imported P. falciparum malaria ini-
tially screened, 79 were found to be eligible according to
the study protocol and were included in the study. Four
female and six male patients were excluded from the
study because of accompanying significant infection,
such as hepatitis B (n = 4), HIV (n = 3), Herpes simplex
viral pneumonia (n = 1), adnexitis (n = 1) and malig-
nancy, i e, prostate cancer (n = 1). Two women were ex-
cluded because of pregnancy. Fifty-four (68.4%) and two
(2.5%) of the patients were migrants from Africa and Asia,
respectively, and twenty-three (29.1%) were Caucasian.
The majority of patients (96.2%) acquired P. falciparum
malaria in Africa, only one (1.3%) infection was acquired
in Central America. A total of four (5.3%) patients
reported to have taken adequate malaria prophylaxis: one
patient with complicated and two patients with uncompli-
cated malaria had taken mefloquine, one patient with un-
complicated disease had taken atovaquone/proguanil.
More than half of all malaria patients (64.8%) developed
symptoms within the first seven days after returning from
their journey, almost one quarter (23.0%) within seven to
14 days, and 5.4% and 6.8% within 14 to 21 days and >21
days, respectively. Nine (81.8%) of the patients with com-
plicated disease developed symptoms within the first week
after returning from their travels. Twelve (15.2%) patients
were categorized as complicated malaria for the following
reasons: parasitaemia >5% (n = 10), severe anaemia (n = 1),
neurological symptoms (n = 4), and renal failure (n = 2).
Four of the patients presented with more than one criterion
defining complicated disease. None of the patients died. All
41 healthy controls were Caucasians from Germany. The
mean age was 33.51 years (age range 18-72 years), twenty-
four subjects (59%) were female.
The heart rate and body temperature was signifi-

cantly higher in the patient group compared with the
control group: mean heart rate was 90 bpm versus 70
bpm (P <0.001) and mean body temperature was 37.8°C
versus 36.5°C (P <0.001), respectively. The mean systolic
arterial blood pressure was similar in malaria patients and
controls with a value of 119.6 mm Hg and 122.4 mm Hg,
respectively (P = 0.283). The geometric mean parasite
density (GMPD) was 17,349/μl in all malaria patients, and
255,946/μl and 10,635/μl (P <0.001) in complicated and
uncomplicated cases, respectively. The mean/median
levels of standard laboratory parameters characteristic for
malaria like haemoglobin, leukocytes, platelets, as well as
liver enzymes, total bilirubin and serum creatinine were
significantly altered in the malaria patient group when
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compared with the healthy controls. Both the demo-
graphic and clinical characteristics, as well as basic labora-
tory results, are shown in Table 1.

Biomarkers analysed in malaria patients versus controls
The following serum levels were significantly higher in
the patient group when compared with the healthy con-
trols: copeptin, CRP, MPO, elastase-2, endothelin-1,
sICAM-1, sVCAM-1, NT-proBNP, MR-proANP, fibrino-
gen, D-dimers, and LDH. Median values for PAPP-A
were similar in both groups. The diagnostic performance
and accuracy was measured by AUROC and the corre-
sponding 95% confidence intervals (95% CI). Five bio-
markers showed the highest AUROC in all malaria
patients compared to the control group: CRP (1.00),
MPO (0.99), D-dimers (0.98), elastase-2 (0.98), and
Table 1 Demographic, clinical and biochemical characteristics
presentation and healthy controls

Malaria (n=79)

Gender, male / female 60 / 19

Age 43.8

(range) (21–69)

Travel destination (n/%)

Africa 76 (96.2)

South America 1 (1.3)

Duration of stay, days (%)

< 7 4 (5.5)

7 - 14 9 (12.3)

14 - 21 7 (9.6)

> 21 53 (72.6)

Time to development of complaints after travel, days (%)

< 7 48 (64.8)

7 - 14 17 (23.0)

14 - 21 4 (5.4)

> 21 5 (6.8)

Malaria prophylaxis, n (%) 4 (5.3)

Temperature, °C (±SD) 37.8 (1.2)

BP, mmHg (±SD) 119.6 (16.0)

Heart rate, bpm (±SD) 90 (18)

Haemoglobin, g/l (±SD) 131.6 (19.3)

Platelets, x1,000/μl (±SD) 96.6 (63.0)

Leukocytes, x1,000/μl (±SD) 5.5 (2.3)

Parasite density, parasites/μl (±SD) 97,974 (176,183)

Total bilirubin, mg/dl (±SD) 1.7 (1.2)

ALT, U/l (±SD) 44.9 (30.7)

AST, U/l (±SD) 51.8 (50.6)

Creatinine, mg/dl (±SD) 1.1 (0.4)

Mean (+SD) if not indicated otherwise; BP = systolic blood pressure; NA = not applicab
CM = complicated malaria; UM = uncomplicated malaria; *Comparison between all ma
sICAM-1 (0.98) (see Figure 1). Results for LDH, plate-
lets, sVCAM-1, copeptin, and fibrinogen were slightly
lower than for the markers mentioned above. AUROC of
endothelin-1, NT-proBNP, and MR-proANP were infer-
ior to the above. Additional files 2 and 3 summarize the
results of all measured biomarkers in all malaria patients
and healthy controls.

Biomarkers analysed in complicated malaria versus
uncomplicated malaria
Median values of CRP, MPO, sICAM-1, sVCAM-1,
D-dimers, platelets, and LDH differed significantly be-
tween the two groups. However further analysis via re-
ceiver operating curve showed large 95% CI, indicating
poor association with disease severity for all markers.
No significant association was found for copeptin,
of Plasmodium falciparum malaria cases at first

CM (n=12) UM (n=67) Controls (n=41) P-value*

7 / 5 53 / 14 17 / 24 < 0.001

51.7 42.4 32.5 < 0.001

(29–69) (21–65) (18–72)

11 (100.0) 65 (98.5) NA NA

0 1 (1.5)

0 4 (6.25) NA NA

2 (22.2) 7 (10.9)

2 (22.2) 5 (7.8)

5 (55.6) 48 (75.0)

9 (81.8) 39 (61.9) NA NA

2 (18.2) 15 (23.8)

0 4 (6.3)

0 5 (7.9)

1 (9.1) 3 (4.6) NA NA

37.9 (1.2) 37.8 (1.2) 36.5(0.4) < 0.001

118.9 (11.8) 119.7 (16.7) 122.4 (11.7) 0.283

92.5 (18.5) 89.6 (17.6) 70 (8.4) < 0.001

121.4 (25.0) 133.5 (17.7) 137.8 (11.0) 0.030

52.6 (33.4) 104.4 (63.9) 250.2 (87.1) < 0.001

5.8 X(2.3) 5.4 (2.3) 6.3 (1.1) 0.014

407,028 (274,253) 41,783 (56,595) NA < 0.001

2.6 (1.6) 1.5 (1.1) 0,7 (0.5) < 0.001

68.0 (45.9) 40.8 (25.4) 23,8 (13.2) < 0.001

108.6 (105.9) 41.7 (21.6) 25.3 (5.9) < 0.001

1.6 (0.8) 1.1 (0.2) 0.8 (0.1) < 0.001

le; SD = standard deviation; Malaria = all P. falciparum malaria patients;
laria patients and healthy controls (t-test).
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Figure 1 Receiver operating curves (ROC), diagnostic
performance of CRP, elastase-2,sICAM-1, MPO, D-dimers for
Plasmodium falciparum malaria.
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elastase-2, or fibrinogen. Table 2 and Additional file 3
show the results of the above-mentioned biomarkers in
both complicated and uncomplicated malaria.

Discussion
The aim of this pilot study was to assess the diagnostic
performance and discriminative capacity of novel, as well
as established biomarkers, in imported P. falciparum
malaria, measured within the 24 hours after first presen-
tation. CRP serum levels above or below 10.8 mg/l upon
hospital admission, in combination with travel history to
an endemic area, and fever during the days prior to
blood sampling, best discriminated between malaria pa-
tients and control subjects. Several of the other bio-
markers tested also discriminated well between malaria
patients and control persons. However, neither at the
time of first presentation, nor during the course of the
hospital stay did any of the biomarkers studied here predict
the presence, or the development of, complicated malaria.
The results reflect the heterogenicity of pathophysio-

logical mechanisms in P. falciparum malaria according
to WHO criteria. As in sepsis systemic inflammation
and endothelial activation play a major role in severe
malaria, explaining why almost all markers tested here
were elevated in the patient group. Other pathophysio-
logical features play an important role as well. For in-
stance, severe malarial anaemia can be caused by
haemolysis, indicated by elevated lactate dehydrogenase,
and bone marrow suppression [11].
Of the inflammatory markers tested, CRP showed the

highest sensitivity and specificity in the malaria patients.
The test is inexpensive and widely available in health in-
stitutions. However, the cut-off value of 10.8 mg/l is
relatively low and can be found in many conditions,
indicating mild inflammation and a challenge to the im-
mune system, as seen in smokers [12]. It is not specific for
P. falciparum infection. In sepsis, for example, elevated
CRP correlates with disease severity [13,14]. Copeptin is
known to be elevated in patients with sepsis [15] and myo-
cardial damage [16,17]. In the malaria patients, signifi-
cantly elevated levels but no association regarding the
severity of malaria were found. This in line with previous
findings [18]. PAPP-A was not significantly elevated in the
patient group. In order to assure unambiguous results, pa-
tients with other co-existing infections were excluded
from the study.
Furthermore, parameters related to endothelial activity

were assessed. Endothelial damage can cause vascular
leakage. In combination with microvessel obstruction
due to microcirculatory disturbance, this can lead to
cerebral involvement [19]. ICAM-1 and VCAM-1 play
a major role as receptors on endothelial cells for
P. falciparum-infected erythrocytes, indicating vascular
injury [20]. In cerebral malaria correlation of increased
local cellular expression of ICAM-1 with sequestration
of infected parasites in the brain has been well demon-
strated [21]. Measurement of sICAM-1 is not useful in
severe malaria, characterized by malarial anaemia. This
indicates that the question of whether or not markers
are specific for disease manifestation, like severe malarial
anaemia or cerebral malaria, can only be answered by
conducting larger studies with a sufficient number of
cases in respective subgroups of severe malaria. Mye-
olperoxidase is stored in and released by activated
neutrophilic granulocytes in inflammatory conditions.
Elevated levels can be found in patients with, myocardial
or endothelial damage [22,23], and in inflammatory and
infectious diseases such as sepsis, brucellosis and HIV
[24-26]. Very high levels were found in the malaria
group, reflecting vascular damage and inflammation.
The protease elastase-2 is released by activated neutro-
philic granulocytes, the vasoconstrictor endothelin-1 by
activated endothelial cells. Elevated elastase-2 levels can
be found in inflammatory conditions such as systemic
inflammatory response syndrome [27,28]. Both parame-
ters were significantly elevated in the malaria group. As
described before, further analysis of prognostic qualities
confirmed low discriminative power [29,30].
The exact mechanism of impaired cardiac function in

P. falciparum malaria is still not fully understood
[31,32]. NT-proBNP and MR-proANP, are sensitive
markers for left ventricular dysfunction. In this study,
measurements showed a significant difference between
the controls and the patient group.
Coagulopathy may contribute to both, significant

thrombocytopaenia, as shown in the patient group, as
well as microcirculatory dysfunction. Increased fibrino-
lytic activity and coagulopathy in the malaria patients



Table 2 Biomarkers in complicated malaria (CM) versus uncomplicated malaria (UM), measured within 24 hours after
first presentation

CM / UM Number (n) Median value AUROC P-value* 95% CI

Inflammatory markers

Copeptin (pmol/l) CM 12 12.5 0.596 0.293 0.420 0.771

UM 67 8.9

CRP (mg/l) CM 12 165.5 0.771 0.003 0.645 0.896

UM 67 78.0

Endothelial markers

MPO (pmol/l) CM 12 4747.8 0.699 0.029 0.569 0.829

UM 67 2827.1

Elastase-2 (ng/ml) CM 12 2850.5 0.562 0.495 0.416 0.708

UM 67 3227.0

sICAM-1 (ng/ml) CM 12 257.0 0.784 0.003 0.650 0.919

UM 67 136.4

sVCAM-1 (ng/ml) CM 12 1657.5 0.752 0.006 0.604 0.900

UM 67 1020.0

Coagulation markers

Fibrinogen (g/l) CM 12 4.7 0.482 0.842 0.287 0.676

UM 59 5.0

D-dimers (mg/l) CM 7 3.7 0.775 0.019 0.643 0.915

UM 51 1.4

Platelets (x1000/μl) CM 12 51.0 0.777 0.002 0.646 0.908

UM 67 91.0

Haemolysis marker

LDH (U/l) CM 12 385.0 0.810 < 0.001 0.697 0.924

UM 65 260.0

GMPD (parasites/μl) CM 12 255,946 0.926 < 0.001 0.826 1.000

UM 66 10,635

Only showing markers that distinguish well between malaria patients and healthy controls 95% CI = 95% Confidence Interval for AUROC; GMPD = geometric
mean parasite density.
*P-value for AUROC.
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was reflected by significantly elevated levels of fibrino-
gen, and D-Dimers. None of the markers tested positive
for prognostic qualities.
In non-endemic countries like Germany, the incidence

of imported P. falciparum malaria is low, and many phy-
sicians lack experience dealing with the disease. Diagno-
sis and treatment are often delayed, potentially leading
to complications with an increased mortality. In order to
improve risk stratification at first presentation of malaria
patients, it would be helpful to support standard diag-
nostic microscopy with additional diagnostic and prog-
nostic biomarkers in in- and outpatient settings. Most
markers tested are well suited to differentiate between
P. falciparum malaria and healthy controls. In particular,
in cases indicative for malaria due to symptoms and
travel history, elevated levels may be useful to uphold
the suspective diagnosis of P. falciparum infection. In
these cases, parasitological confirmation of the diagnosis
should be performed timely.
The limited number of patients examined in this pro-

spective pilot study as well as the unmatched case con-
trol design increases the risk of type I errors. In order to
assess the heterogenic pathophysiology of P. falciparum
infection further, higher patient numbers categorized in
different patient subgroups according to WHO criteria
for severe malaria would have been favourable. It is pos-
sible that pathophysiological processes differ amongst
travellers with different ethnic backgrounds. The study
population examined here was quite heterogenous, and
a matched control group would have been favourable.

Conclusion
Several biomarkers tested in this study have been signifi-
cantly associated with malaria, however the practical
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relevance remains to be proven. No practical relevance
for discrimination between complicated and uncompli-
cated malaria was found in this pilot study.

Additional files

Additional file 1: Complicated malaria according to national
guidelines [8], and modified WHO criteria [9].

Additional file 2: Biomarkers in all malaria patients versus controls,
measured within 24 hours after first presentation.

Additional file 3: Concentration of inflammatory, endothelial,
cardiac, coagulation, and haemolysis markers in all malaria patients,
uncomplicated malaria (UM), complicated malaria (CM), and healthy
controls.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
SST and JPC drafted the manuscript. JPC and GDB conceived of the study,
and participated in its design and coordination. NWB and SB carried out
several immunoassays. JH carried out recruitment of study subjects. AH
participated in the design of the study and performed the statistical
analysis. All authors read and approved the final manuscript.

Author details
1Section Tropical Medicine, I. Department of Internal Medicine, University
Medical Center Hamburg-Eppendorf, Hamburg, Germany. 2Clinical Research
Group, Clinical Research & Epidemiology Section, Bernhard Nocht Institute
for Tropical Medicine, Hamburg, Germany. 3Molecular Medicine Department,
Clinical Research & Epidemiology Section, Bernhard Nocht Institute for
Tropical Medicine, Hamburg, Germany. 4Department of General and
Interventional Cardiology and Cardiovascular Research Center, University
Heart Center, Hamburg, Germany.

Received: 31 January 2013 Accepted: 12 July 2013
Published: 16 July 2013

References
1. Murray CJ, Rosenfeld LC, Lim SS, Andrews KG, Foreman KJ, Haring D,

Fullman N, Naghavi M, Lozano R, Lopez AD: Global malaria mortality
between 1980 and 2010: a systematic analysis. Lancet 2012, 379:413–431.

2. WHO: World Malaria Report. Geneva, Switzerland: World Health Organization;
2011:2011.

3. WHO: Malaria. In WHO International Travel and Health 2011. Geneva,
Switzerland: World Health Organization; 2011:144–167.

4. Askling HH, Bruneel F, Burchard G, Castelli F, Chiodini PL, Grobusch MP,
Lopez-Velez R, Paul M, Petersen E, Popescu, Ramharter M, Schlagenhauf P:
Management of imported malaria in Europe. Malar J 2012, 11:328.

5. Olliaro P: Editorial commentary: mortality associated with severe
Plasmodium falciparum malaria increases with age. Clin Infect Dis 2008,
47:158–160.

6. von Seidlein L, Olaosebikan R, Hendriksen IC, Lee SJ, Adedoyin OT,
Agbenyega T, Nguah SB, Bojang K, Deen JL, Evans J, Fanello CI, Gomes E,
Pedro AJ, Kahabuka C, Karema C, Kivaya E, Maitland K, Mokuolu OA, Mtove
G, Mwanga-Amumpaire J, Nadjm B, Nansumba M, Ngum WP, Onyamboko
MA, Reyburn H, Sakulthaew T, Silamut K, Tshefu AK, Umulisa N, Gesase S,
Day NP, White NJ, Dondorp AM: Predicting the clinical outcome of severe
falciparum malaria in african children: findings from a large randomized
trial. Clin Infect Dis 2012, 54:1080–1090.

7. Bruneel F, Tubach F, Corne P, Megarbane B, Mira JP, Peytel E, Camus C,
Schortgen F, Azoulay E, Cohen Y, Georges H, Meybeck A, Hyvernat H,
Trouillet JL, Fenroy E, Nicolet L, Roy C, Durand R, Le Bras J, Wolff M: Severe
imported falciparum malaria: a cohort study in 400 critically ill adults.
PLoS One 2010, 5:e13236.

8. German Society for Travel Medicine (DTG): Diagnostics and therapy of
malaria. AWMF online 2011:1–53. http://www.awmf.org/leitlinien/detail/ll/
042-001.html.
9. WHO: Severe falciparum malaria. Trans R Soc Trop Med Hyg 2000, 94:1–18.
10. McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark GM:

Reporting recommendations for tumor marker prognostic studies
(REMARK). J Natl Cancer Inst 2005, 97:1180–1184.

11. Casals-Pascual C, Kai O, Cheung JO, Williams S, Lowe B, Nyanoti M, Williams
TN, Maitland K, Molyneux M, Newton CR, Peshu N, Watt SM, Roberts DJ:
Suppression of erythropoiesis in malarial anemia is associated with
hemozoin in vitro and in vivo. Blood 2006, 108:2569–2577.

12. Tonstad S, Cowan JL: C-reactive protein as a predictor of disease in
smokers and former smokers: a review. Int J Clin Pract 2009,
63:1634–1641.

13. Castelli GP, Pognani C, Meisner M, Stuani A, Bellomi D, Sgarbi L:
Procalcitonin and C-reactive protein during systemic inflammatory
response syndrome, sepsis and organ dysfunction. Crit Care 2004,
8:R234–242.

14. Uusitalo-Seppala R, Koskinen P, Leino A, Peuravuori H, Vahlberg T, Rintala
EM: Early detection of severe sepsis in the emergency room: diagnostic
value of plasma C-reactive protein, procalcitonin, and interleukin-6.
Scand J Infect Dis 2011, 43:883–890.

15. Struck J, Morgenthaler NG, Bergmann A: Copeptin, a stable peptide
derived from the vasopressin precursor, is elevated in serum of sepsis
patients. Peptides 2005, 26:2500–2504.

16. Nickel CH, Bingisser R, Morgenthaler NG: The role of copeptin as a
diagnostic and prognostic biomarker for risk stratification in the
emergency department. BMC Med 2012, 10:7.

17. von Haehling S, Papassotiriou J, Morgenthaler NG, Hartmann O, Doehner W,
Stellos K, Wurster T, Schuster A, Nagel E, Gawaz M, Bigalke B: Copeptin as a
prognostic factor for major adverse cardiovascular events in patients
with coronary artery disease. Int J Cardiol 2012, 162:27–32.

18. van Wolfswinkel ME, Hesselink DA, Hoorn EJ, de Rijke YB, Koelewijn R, van
Hellemond JJ, van Genderen PJ: Copeptin does not accurately predict
disease severity in imported malaria. Malar J 2012, 11:6.

19. Shikani HJ, Freeman BD, Lisanti MP, Weiss LM, Tanowitz HB, Desruisseaux
MS: Cerebral malaria: we have come a long way. Am J Pathol 2012,
181:1484–1492.

20. Boehme MW, Werle E, Kommerell B, Raeth U: Serum levels of adhesion
molecules and thrombomodulin as indicators of vascular injury in severe
Plasmodium falciparum malaria. Clin Investig 1994, 72:598–603.

21. Ho M, White NJ: Molecular mechanisms of cytoadherence in malaria.
Am J Physiol 1999, 276(6 Pt 1):C1231–1242.

22. Stankovic S, Asanin M, Majkic-Singh N, Ignjatovic S, Mihailovic M, Nikolajevic
I, Mrdovic I, Matic D, Savic L, Marinkovic J, Ostojic M, Vasiljevic Z: The
usefulness of myeloperoxidase in prediction of in-hospital mortality in
patients with ST-segment elevation myocardial infarction treated by
primary percutaneous coronary intervention. Clin Lab 2012, 58:125–131.

23. Maruyama Y, Lindholm B, Stenvinkel P: Inflammation and oxidative stress
in ESRD–the role of myeloperoxidase. J Nephrol 2004, 17(Suppl 8):S72–76.

24. Kothari N, Keshari RS, Bogra J, Kohli M, Abbas H, Malik A, Dikshit M, Barthwal
MK: Increased myeloperoxidase enzyme activity in plasma is an indicator
of inflammation and onset of sepsis. J Crit Care 2011, 26(435):e431–437.

25. Karahocagil MK, Aslan M, Ceylan MR, Cikman A, Sunnetcioglu M, Kucukoglu
ME, Taskin A: Serum myeloperoxidase activity and oxidative stress in
patients with acute brucellosis. Clin Biochem 2012, 45:733–736.

26. Borato DC, Parabocz GC, Ribas SR, Kalva-Filho CA, Borba LM, Ito CA, Bail L,
dos Santos FA, Vellosa JC: Changes of metabolic and inflammatory
markers in HIV infection: glucose, lipids, serum Hs-CRP and
myeloperoxidase. Metabolism 2012, 61:1353–1360.

27. Dollery CM, Owen CA, Sukhova GK, Krettek A, Shapiro SD, Libby P:
Neutrophil elastase in human atherosclerotic plaques: production by
macrophages. Circulation 2003, 107:2829–2836.

28. Gando S, Hayakawa M, Sawamura A, Hoshino H, Oshiro A, Kubota N, Jesmin
S: The activation of neutrophil elastase-mediated fibrinolysis is not
sufficient to overcome the fibrinolytic shutdown of disseminated
intravascular coagulation associated with systemic inflammation.
Thromb Res 2007, 121:67–73.

29. Dietmann A, Lackner P, Helbok R, Spora K, Issifou S, Lell B, Reindl M,
Kremsner PG, Schmutzhard E: Opposed circulating plasma levels of
endothelin-1 and C-type natriuretic peptide in children with
Plasmodium falciparum malaria. Malar J 2008, 7:253.

30. Wenisch C, Wenisch H, Wilairatana P, Looareesuwan S, Vannaphan S,
Wagner O, Graninger W, Schonthal E, Rumpold H: Big endothelin in

http://www.biomedcentral.com/content/supplementary/1475-2875-12-246-S1.doc
http://www.biomedcentral.com/content/supplementary/1475-2875-12-246-S2.doc
http://www.biomedcentral.com/content/supplementary/1475-2875-12-246-S3.doc
http://www.awmf.org/leitlinien/detail/ll/042-001.html
http://www.awmf.org/leitlinien/detail/ll/042-001.html


Stauga et al. Malaria Journal 2013, 12:246 Page 8 of 8
http://www.malariajournal.com/content/12/1/246
patients with complicated Plasmodium falciparum malaria. J Infect Dis
1996, 173:1281–1284.

31. Ehrhardt S, Wichmann D, Hemmer CJ, Burchard GD, Brattig NW: Circulating
concentrations of cardiac proteins in complicated and uncomplicated
Plasmodium falciparum malaria. Trop Med Int Health 2004, 9:1099–1103.

32. Herr J, Mehrfar P, Schmiedel S, Wichmann D, Brattig NW, Burchard GD,
Cramer JP: Reduced cardiac output in imported Plasmodium falciparum
malaria. Malar J 2011, 10:160.

doi:10.1186/1475-2875-12-246
Cite this article as: Stauga et al.: Clinical relevance of different
biomarkers in imported plasmodium falciparum malaria in adults: a
case control study. Malaria Journal 2013 12:246.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study site and participants
	Study procedures
	Statistical analysis
	Ethic approval

	Results
	Baseline characteristics
	Biomarkers analysed in malaria patients versus controls
	Biomarkers analysed in complicated malaria versus uncomplicated malaria

	Discussion
	Conclusion
	Additional files
	Competing interests
	Authors’ contributions
	Author details
	References 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


