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A B S T R A C T   

Background: In falciparum malaria the total parasite biomass can be estimated by blood levels of histidine-rich 
protein 2 (PfHRP2), a Plasmodium falciparum-specific protein, which has been widely studied in malaria- 
endemic regions. This study investigates the usefulness of PfHRP2 as marker for disease severity in imported 
falciparum malaria. 
Methods: A retrospective cohort analysis was done in 145 patients with imported falciparum malaria. Associa-
tions between PfHRP2, malaria disease severity and classic parameters of disease severity were examined by 
statistical analyses. Patients with different travel purposes were examined in two groups: visiting friends and 
relatives (VFRs) and other travel purposes (mainly tourists). 
Results: High PfHRP2 levels were clearly associated with disease severity. VFRs status showed to be an inde-
pendent determinant protecting against severe malaria. At similar PfHRP2 levels VFRs patients had significantly 
lower levels of peripheral blood parasitemia compared to other patients. 
Conclusion: Our study confirms the association between PfHRP2 and disease severity in patients with imported 
falciparum malaria, but for proper interpretation of PfHRP2 levels as disease severity marker in travellers, the 
possible presence of pre-existing acquired anti-malarial immunity should be taken into account as the correlation 
between PfHRP2 levels and disease severity differed significantly between VFRs patients and patients with other 
travel purposes.   

1. Introduction 

An important mechanism in the pathogenesis of Plasmodium falcip-
arum is the sequestration of mature P. falciparum-infected erythrocytes 
in the body’s microvasculature. As a consequence of parasite seques-
tration, peripheral blood parasitemia may underestimate the total body 
parasite burden. A more reliable estimation of total parasite biomass can 
be obtained by quantification of P. falciparum histidine-rich protein 2 
(PfHRP2) levels. PfHRP2 is synthesized by the parasite and released 
from the P. falciparum infected erythrocytes as a water-soluble protein. 
Throughout the erythrocytic cycle the amount of PfHRP2 released 
continues to increase and in synchronized P. falciparum cultures it has 
been shown that 89% of PfHRP2 is liberated upon schizont rupture with 

a limited variation in the released amount [1,2]. PfHRP2 concentrations 
were reported to better represent the total parasite biomass, including 
the sequestered component, whereas peripheral blood parasitemia 
might better reflect circulating parasite biomass [3]. 

PfHRP2 concentrations, as a proxy for total parasite biomass, have 
been correlated with malaria severity in adults in low, seasonal trans-
mission areas [3], but this correlation has only been poorly investigated 
in non-endemic areas with only imported malaria cases. In the current 
study the associations between blood PfHRP2 levels, classic parameters 
of disease severity and WHO defined malaria disease severity were 
assessed in a large cohort of travellers with imported P. falciparum ma-
laria in a non-endemic region [4]. To study the impact of potential 
pre-existing anti-malaria immunity on outcome measures all patients 
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were also studied after having been categorized by their purpose of 
travel in either visiting friends and relatives (VFRs) or other travel 
purpose. 

2. Materials and methods 

2.1. Patients and data collection 

This retrospective cohort study was conducted at the Institute of 
Tropical Diseases, Harbour Hospital Rotterdam, the Netherlands. Since 
1998, anonymized demographic, epidemiological, clinical and labora-
tory data of all patients diagnosed with malaria has been collected in the 
Rotterdam Malaria Cohort database. Patients with a confirmed 
P. falciparum diagnosis and a complete data set, aged above 18 years old 
and who provided informed consent for anonymous storage of a whole 
blood sample at presentation were eligible for inclusion for the current 
PfHRP2 study. Out of 167 P. falciparum patients, 145 patients met the 
inclusion criteria (Supplementary Figure 1). 

2.2. Study population 

Two groups of P. falciparum malaria patients were discerned: patients 
with imported severe P. falciparum malaria (n = 25) and patients with 
imported, non-severe P. falciparum malaria (n = 120). Disease severity 
was classified according to the World Health Organization (WHO) 
criteria of severe falciparum malaria 2014 [4]. 

In addition, patients with imported falciparum malaria were also 
studied after being grouped by their purpose of travel into “Visiting 
friends and relatives” or “Other purpose of travel”. VFRs were defined as 
individuals who:  

1. Were born and raised in a malaria-endemic country (country of 
origin); 

2. Left their country of origin to live in a non-endemic country (desti-
nation country) for at least one year;  

3. Travelled to their country of origin with the purpose of visiting 
friends and relatives. 

2.3. Laboratory procedures 

Blood samples of all patients were analysed by routine procedures. 
P. falciparum malaria was diagnosed by a combination of tests according 
to standard procedures: (a) Quantitative Buffy Coat (QBC) analysis, (b) a 
rapid diagnostic antigen test (either Binax NOW® Malaria Test, Binax 
inc, Maine, USA or ICT Malaria Combo Cassette test, ICT diagnostics, 
Cape Town, South Africa) and (c) conventional microscopy of stained 
thick and thin blood smears. Parasitemia was expressed as number of 
parasites per μL. PfHRP2 was assessed from whole blood EDTA samples 
by a commercial sandwich enzyme-linked immunosorbent assay (ELISA) 
(Celisa, Cellabs, Sydney, Australia) and executed according to manu-
facturer’s instructions. 

2.4. Statistical analysis 

Data were collected and analysed using SPSS 24 for Windows. In the 
descriptive statistics, categorical variables were given as frequencies, 
whereas numerical variables were denoted as median and interquartile 
ranges. Univariate and multivariate analysis were used to examine the 
associations between several classic disease parameters and WHO- 
defined severe malaria [4]. Parameters that showed a significant effect 
(p < .05) in the univariate analyses were included in the multivariate 
analysis. A backward stepwise selection procedure was used to compose 
the final model. Correlations between PfHRP2 and peripheral blood 
parasitemia and several classic disease parameters were analysed using 
Spearman’s correlation. A Kruskal-Wallis test was used to control for 
confounding variables. 

2.5. Ethical considerations 

Because of the retrospective observational non-interventional design 
of this study, ethical clearance was not required according to the Med-
ical Research Involving Human Subjects Act (WMO). All data were 
anonymized. 

3. Results 

3.1. Study population 

The patient characteristics of the 145 included patients, sub-grouped 
by malaria disease severity, are summarized in Table 1. Twenty-five 
(17%) patients had severe malaria and 120 (83%) patients non-severe 
malaria. One hundred eleven (76.6%) patients were men, 34 (23.4%) 
patients were women and the median age was 41 (interquartile range 
31.5–50) years. Eighty-four (57.9%) patients were considered VFRs, 
whereas 61 (42.1%) patients had an other purpose of travel, most 
commonly tourism. 

Patients classified as severe malaria had an older age (p = .002), and 
the risk for severe malaria increased with increasing age. Patients with a 
non-VFRs travel purpose were more likely to develop severe malaria 
disease than VFRs patients (p = .015). 

In patients with severe malaria, peripheral blood parasitemia and 
levels of bilirubin, creatinine and lactate were significantly higher as 
compared with patients with non-severe malaria. Hematocrit values 
were lower in patients with severe malaria. Of note, these parameters 
are all part of the defining criteria for severe malaria and were therefore 
not used in subsequent univariate or multivariate analyses. Thrombo-
cytes were significantly lower in patients with severe malaria 
(p=<.001). Schizonts were found to be present in peripheral blood 
samples more often in patients with severe malaria than in patients with 
non-severe malaria (p=<.001). CRP levels were significantly higher in 
patients with severe malaria (p = .001). Also levels of PfHRP2 were 
significantly higher in patients with severe malaria (p=<.001). 

3.2. Risk factors for clinical severe falciparum malaria 

A multiple logistic regression analysis was executed to identify in-
dependent risk factors for severe malaria. Having a non-VFRs travel 
purpose, the presence of schizonts in peripheral blood samples and in-
cremental levels of PfHRP2 were independent risk factors for severe 
malaria (Table 2). The odds of having severe malaria were more than 4 
times higher in patients with a non-VFRs travel purpose than in VFRs 
patients (p = .048). Patients with the presence of schizonts in their pe-
ripheral blood sample had a substantially increased risk for severe ma-
laria, with odds being more than 40 times higher than for patients 
without demonstrable peripheral blood schizonts (p=<.001). 

3.3. PfHRP2 detection and severity 

To estimate the total parasite biomass in patients with imported 
falciparum malaria, concentrations of PfHRP2 were determined. The 
median blood PfHRP2 concentration of 145 patients with P. falciparum 
was 5988 (interquartile range 1074 to 19,075) ng/mL. A strong, positive 
correlation between PfHRP2 and peripheral blood parasitemia was 
shown (Spearman correlation, rs = 0.775, p=<.001) (Fig. 1). Levels of 
PfHRP2 were significantly higher in patients with severe malaria 
compared to patients with non-severe malaria (median (interquartile 
range) 46,855 (17,902–101,778) ng/mL and 3748 (627-12,565) ng/mL, 
respectively; p < .001). 

3.4. Parasite load measures and classic parameters of disease severity 

The association between classic parameters of disease severity and 
parasite load measures (PfHRP2 and peripheral blood parasitemia) were 
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investigated. Patients with increased levels of plasma lactate, plasma 
creatinine and decreased platelet counts had a significantly higher pe-
ripheral blood parasitemia and blood PfHRP2 levels. Patients with 
abnormal bilirubin levels showed significant higher levels of peripheral 
blood parasitemia but not of PfHRP2 levels (Table 3). 

Patients with increased plasma lactate levels (>2.2 mmol/L) had 
significantly higher peripheral blood parasitemia than patients with 
normal lactate levels (<2.2 mmol/L): median (interquartile range) 
90,950 (39,100–199,550) parasites/μL versus 18,000 (1404–73,600) 

parasites/μL respectively (p=<.001). The PfHRP2 level was also 
significantly higher in patients with increased plasma lactate levels 
(median 16,884, interquartile range 4414–47,329 ng/mL) compared to 
those with normal lactate values (median 5,396, interquartile range 
811–16,237 ng/mL) (p = .004). 

A positive correlation between plasma lactate concentrations and 
both peripheral blood parasitemia and PfHRP2 was found (Spearman 
correlation, rs = 0.380, p=<.001 and rs = 0.261, p = .002, respectively) 
(Fig. 2). 

3.5. Presence of potential pre-existing anti-malarial immunity and 
parasite load 

The characteristics of VFRs patients and patients with another pur-
pose of travel (mainly tourists) are shown in Table 4. Patients in the non- 
VFRs group turned out to be significantly younger (median age of 38, 
interquartile range 30–48 years) compared to the VFRs group (median 
age 46, interquartile range 34–53 years) (p = .028). However, age could 
be excluded as a confounder since there was no significant difference in 
levels of parasitemia in different age categories. VFRs patients had 
significantly lower hematocrit levels compared to non-VFRs patients 
(median (interquartile range) 0.39 L/L (0.35–0.43 L/L) and 0.43 L/L 
(0.40–0.47 L/L) respectively; p = .026). Furthermore, non-VFRs patients 
had significantly higher levels of peripheral blood parasitemia (median 

Table 1 
Characteristics of patients with imported falciparum malaria sub-grouped by malaria disease severity (according to WHO Malaria Severity Criteria 2014).   

Non-severe 
(n = 120) 

Severe 
(n = 25) 

OR (95% CI) P-value 

Demographic and epidemiological data 
Age (years)a 39 (30–49) 50 (41–56) 1.95 (1.28–2.99) .002f 

Sex 
Male 

94 (78.3%) 17 (76.6%) 1.00 (reference) .2672 

Female 26 (21.7%) 8 (23.4%) 1.70 (0.66–4.38)  
Purpose of travel 

VFRs** 
75 (62.5%) 9 (36.0%) 1.00 (reference) .0152 

Other (mainly 
tourists) 

45 (37.5%) 16 (64.0%) 2.96 (1.21–7.26)  

Clinical data 
Duration of symptoms  

≥ 7 days 
36 (30.0%) 7 (28.0%) 1.00 (reference) .8422  

< 7 days 84 (70.0%) 18 (72.0%) 1.10 (0.42–2.87)  
Glasgow Coma Scale 

Normal (15) 
119 (99.2%) 23 (92%) 1.00 (reference) N.A.* 

Abnormal ( < 15) 1 (0.8%)*** 2 (8%) 10.35 (0.90–118.91)  
Systolic Blood pressure 

(mmHg)a 
120 (110–130) 123 (108–134) 0.98 (0.78–1.24) N.A.* 

Laboratory findings 
Hematocrit (L/L)b 0.41 (0.37–0.45) 0.38 (0.30–0.42) 0.37 (0.20–0.68) N.A.* 
Bilirubin total (μmol/L)a 22.0 (15–31.8) 61.0 (48.5–81.5) 1.61 (1.30–1.98) N.A.* 
Creatinine (μmol/L)c 92 (79–103) 114 (89.5–166.5) 3.29 (1.67–6.46) N.A.* 
Plasma Lactate (mmol/L) 1.40 (1.00–1.80) 2.60 (1.75–3.90) 3.35 (1.98–5.65) N.A.* 
Thrombocytes (*109/L)a 88 (52–134) 36 (20–70) 0.75 (0.64–0.87) <.001f 

CRPc 110 (67–160) 166 (127–212) 1.61 (1.20–2.16) .001f 

Parasitemia 
(parasites/μL)d 

7242 (1358–55,250) 213,200 (115,550–414,000) 4.17 (2.32–7.51) N.A.* 

Schizonts 
Absent 

116 (96.7%) 13 (52%) 1.00 (reference) <.0013 

Present 4 (3.3%) 12 (48%) 26.77 (7.53–95.18)  
PfHRP2 (ng/mL)e 3748 (627-12,565) 46,855 (17,902–101,778) 1.31 (1.16–1.47) <.001f 

Categorical variables are given as frequencies (%). Numerical variables as median (IQR). Significant outcomes are given in boldface type. *values are part of the WHO 
malaria severity criteria 2014 and therefore not applicable (N.A.) for significance testing. ** VFRs = Visiting friends and relatives (see definitions). ***GCS of 12. 
f Variable was analysed on a log scale. 
1 Logistic regression analysis. 
2 Chi-square test. 
3 Fisher’s exact test. 

a ORs are given for a 10-U change in the explanatory variable. 
b OR is given for a 0.1-U change in the explanatory variable. 
c ORs are given for a 50-U change in the explanatory variable. 
d OR is given for a 100,000-U change in the explanatory variable. 
e OR is given for a 10,000-U change in the explanatory variable. 

Table 2 
Multivariate analysis of factors associated with the risk of severe falciparum 
malaria defined according to the WHO severity criteria 2014.  

Variable OR (95% CI) P-value 

Purpose of travel 
VFRs* 

1.00 (reference) .028 

Other (mainly tourists) 4.46 (1.18–16.90)  
Schizonts 

Absent 
1.00 (reference) <.001 

Present 44.72 (9.01–222.02)  
PfHRP2a 1.36 (1.19–1.56) <.001 

Significant outcomes are given in boldface type. 
*VFRs = visiting friends and relatives. 

a OR is given for a 10,000-U change in the explanatory variable. 
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60,000 parasites/μL, interquartile range 2490–14,725) than VFRs pa-
tients (median 10,051 parasites/μL, interquartile range 1696–57,500) 
(p = .028). 

4. Discussion 

In imported malaria a broad spectrum of clinical signs and symptoms 
may be of help to define disease severity. Plasma PfHRP2 levels have 
been proven to be an important marker to define malaria severity in 
malaria endemic areas because of its close relation with total body 
parasite biomass [3]. In the current study the associations between 

PfHRP2, malaria disease severity and classic parameters of disease 
severity were investigated in patients with imported malaria. Clear as-
sociations were observed between PfHRP2 levels and malaria disease 
severity and they correlated well with classic parameters of disease 
severity. 

The univariate analysis of differences in disease severity showed that 
low levels of thrombocytes, the presence of schizonts and high levels of 
CRP were associated with severe malaria. High levels of PfHRP2 were 
also clearly associated with having severe malaria and some of the 
established measures of disease. Especially lactate is worth mentioning 
because of its powerful prognostic significance in adults with severe 

Fig. 1. Scatterplot showing the correlation between PfHRP2 and peripheral blood parasitemia in severe and non-severe malaria patients (Spearman correlation, rs =

0.775, p=<.001). 

Table 3 
Associations between peripheral blood parasitemia and PfHRP2 with traditional determinants of disease severity in falciparum malaria.  

Parameter Traitb n PfHRP2a P-valuec Parasitemia (parasites/μL)a P-valuec 

Glasgow Coma Scale 15 142 5918 
(988–18,946) 

.393 30,450 
(1736–98,500) 

.224 

<15 3 9234 
(6909–52,678)d  

104,000 
(74,000–106,050)d  

Lactate (mmol/L) <2.2 mmol/L 119 5396 
(811–16,237) 

.004 18,000 
(1404–73,600) 

<.001 

>2.2 mmol/L 26 16,884 
(4414–47,329)  

90,950 
(39,100–199,550)  

Creatinine (μmol/L) <115 μmol/L 120 5210 
(627–16,071) 

.001 15,555 
(1443–69,725) 

<.001 

>115 μmol/L 25 16,987 
(4245–81,846)  

142,500 
(40,500–253,000)  

Bilirubin (μmol/L) <17 μmol/L 41 4276 
(261–13,407) 

.063 4640 
(269–34,800) 

<.001 

>17 μmol/L 104 6053 
(1382–30,508)  

45,900 
(3603–140,475)  

Hematocrit (L/L) >.41 (L/L) 75 6118 
(1243–16,840) 

.916 43,200 
(1739–107,100) 

.235 

<.41 (L/L) 70 5873 
(966–19,914)  

18,450 
(1868–98,850)  

Thrombocytes (*109/L) >150 (*109/L) 24 949 
(27–4580) 

<.001 1447 
(136–5360) 

<.001 

<150 (*109/L) 121 8967 
(1765–28,238)  

46,600 
(4247–126,150)  

Significant outcomes are given in boldface type. 
a Values are median (interquartile range). 
b Values are based on reference values in healthy persons. 
c Mann-Whitney U test. 
d Tukey’s Hinges. 
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falciparum malaria [5,6]. In falciparum malaria, sequestration of para-
sitized erythrocytes causes abnormal microcirculatory perfusion and 
anaerobic glycolysis leading to metabolic acidosis. Microvascular 
obstruction is invariably reflected by raised levels of plasma lactate, the 
strongest predictor of death in adults with falciparum malaria in 
malaria-endemic regions [5]. Our results show that also in a travelling 
population, there is a similar correlation between plasma lactate 

concentrations and both peripheral blood parasitemia and PfHRP2. High 
levels of lactate (>2,2 mmol/L) are associated with higher levels of 
PfHRP2 in patients with imported malaria, in line with previous findings 
[7]. 

To study the impact of potential pre-existing anti-malaria immunity 
on outcome measures, patients were also studied after having been 
categorized by their purpose of travel in either visiting friends and 

Fig. 2A. Scatterplot showing the correlation between peripheral blood parasitemia (log transformed) and lactate in severe and non-severe malaria patients 
(Spearman correlation, rs = 0.380, p=<.001). 

Fig. 2B. Scatterplot showing the correlation between PfHRP2 (log transformed) and lactate in severe and non-severe malaria patients (Spearman correlation, rs =

0.261, p = .002). 
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relatives (VFRs) or other travel purpose. 
The different associations between VFRs travellers and disease 

severity on one hand and non-VFRs travellers and disease severity on the 
other hand is a rather interesting one. The odds of having severe malaria 
were almost 4 times higher among non-VFRs patients (mainly tourists) 
than among VFRs patients. These findings are consistent with some 
previous French studies that showed that imported malaria in African 

adult migrants was generally less severe and more readily cured than in 
European individuals [8,9]. 

It seems evident that VFRs patients might have been exposed to 
malaria before, either in childhood or during previous visits to their 
country of origin. This particular group of VFRs patients is also at higher 
risk of contracting malaria disease because of their travel behaviour 
[10]. Another possible explanation why VFR’s are less prone to devel-
oping severe malaria, might be the presence of hemoglobinopathies 
and/or enzymopathies in a VFR population, which could be protective 
against developing high parasitemia’s. As previously demonstrated 
[11], VFRs patients had significantly lower hematocrit levels compared 
to non-VFRs patients (median (interquartile range) 0.39 L/L (0.35–0.43 
L/L) and 0.43 L/L (0.40–0.47 L/L) respectively; p = .026), which may be 
suggestive of a potential hemoglobinopathy and/or enzymopathy. 

Accordingly, because of potential prior exposure to malaria or un-
derlying hematological differences, VFRs patients may have attained 
some level of protective anti-malarial immunity. The presence of some 
pre-existing acquired immunity in VFRs patients would conceivably 
result in a more efficient clearance of malaria parasites, especially of 
circulating parasites (peripheral blood parasitemia). Our finding that 
VFRs patients have lower levels of peripheral blood parasitemia are 
clearly in line with this. In most non-VFRs individuals this pre-existing 
immunity is lacking and levels of peripheral blood parasitemia are 
much higher. In contrast to this however, levels of PfHRP2, which are 
considered to reflect the total human body parasite biomass (i.e. the 
aggregated parasite load of both circulating and sequestered parasites), 
were not significantly different between VFRs patients and patients with 
other travel purposes. 

The following (hypothetical) reasoning might explain this obvious 
discrepancy. The amount of PfHRP2 released continues to increase 
throughout the erythrocytic cycle and in synchronized P. falciparum 
cultures it has been shown that 89% of PfHRP2 is liberated upon 
schizont rupture [2]. This means that PfHRP2 detected in EDTA whole 
blood is derived from both circulating infected erythrocytes (blood 
parasitemia) and ruptured schizonts. The estimated half-life time of 
PfHRP2 was shown to be 3.67 days [3]. Because of some pre-existing 
immunity, VFRs patients will conceivably be able to clear infected 
erythrocytes more efficiently, which means that more time is needed to 
reach a similar peripheral blood parasitemia as was observed in 
non-VFRs patients. As a consequence of this longer time lapse and the 
fixed duration of 48 h of the P. falciparum erythrocytic cycle, more 
schizonts must have been ruptured in VFRs patients to reach the same 
parasitemia. Hence, identical parasitemia levels will result in higher 
PfHRP2 levels in VFRs patients compared to non-VFRs patients due to 
the long half-life time of PfHRP2. Conversely, similar levels of PfHRP2 
will reflect a smaller parasite load in VFRs patients compared to 
non-VFRs patients (Fig. 3). As a consequence of this, the use of PfHRP2 
levels as marker of disease severity may require a different interpreta-
tion in VFRs patients than in non-VFRs patients. 

In many endemic regions classic microscopy for the diagnosis of 
malaria, has been replaced by quantitative PCR-testing or rapid diag-
nostic tests. However, in case of a positive result, microscopy is usually 
needed to determine the parasitemia and make an estimate of disease 
severity. Given the correlation of peripheral blood parasitemia with 
PfHRP2, a specific PfHRP2 blood level could be used to determine a 
potential threshold for severe malaria. The optimal cut-off value for 
PfHRP2 was found at 14,042 ng/mL and was associated with a sensi-
tivity of 92% and a specificity of 80% (Supplementary Figure 2). How-
ever, it should be taken into account that a more accurate cut-off level 
should be determined for each specific travellers population to account 
for differences in (pre-existing) protective anti-malarial immunity which 
may influence PfHRP2 levels and thereby the threshold for disease 
severity. 

Table 4 
Characteristics of patients with imported falciparum malaria sub-grouped by 
travel purpose.   

VFRs* 
(n = 84) 

Other (mainly 
tourists) 
(n = 61) 

OR (95% 
CI) 

P- 
value 

Demographic and epidemiological data 
Severity 

Non severe 
75 (89.3%) 45 (73.8%) 1.00 

(reference) 
.0152 

Severe 9 (10.7%) 16 (26.2%) 2.96 
(1.21–7.26)  

Age (years)a 38 (30–48) 46 (34–53) 1.40 
(1.04–1.89) 

.0281,4 

Sex 
Male 

65 (77.4%) 46 (75.%) 1.00 
(reference) 

.7822 

Female 19 (22.6%) 15 (24.6%) 1.12 
(0.51–2.42)  

Clinical data 
Duration of 
symptoms  

≥ 7 days 

27 (32.1%) 16 (26.2%) 1.00 
(reference) 

.4422  

< 7 days 57 (67.9%) 45 (73.8%) 1.33 
(0.64–2.77)  

Glasgow Coma 
Scale 

Normal (15) 

82 (97.6%) 60 (98.4%) 1.00 
(reference) 

1.0003 

Abnormal ( <
15) 

2 (2.4%) 1 (1.6%) 0.68 
(0.06–7.71)  

Hematocrit (L/ 
L)b 

0.39 
(0.35–0.43) 

0.43 
(0.40–0.47) 

1.81 
(1.07–3.06) 

.0261 

Bilirubin total 
(μmol/L)a 

24 (16–47) 24 (18–51) 0.99 
(0.90–1.07) 

.6201 

Creatinine 
(μmol/L)c 

95 (79–109) 95 (81–111) 0.98 
(0.80–1.19) 

.8101 

Systolic Blood 
pressure 
(mmHg)a 

120 (109–132) 120 (110–131) 0.95 
(0.80–1.14) 

.5931 

Lactate (mmol/ 
L) 

1.4 (1.0–1.9) 1.7 (1.4–2.2) 1.34 
(0.96–1.86) 

.0841 

Thrombocytes 
(*109/L)a 

85 (48–130) 69 (30–119) 0.96 
(0.90–1.01) 

.0931 

CRPc 134 (84–179) 114 (64–163) 0.85 
(0.67–1.06) 

.1521 

Parasitemia 
(parasites/μL)d 

10,051 
(1696–57,500) 

60,000 
(2490–14,725) 

1.36 
(1.03–1.79) 

.0281 

Schizonts 
Absent 

76 (90.5%) 53 (86.9%) 1.00 
(reference) 

.4962 

Present 8 (9.5%) 8 (13.1%) 1.43 
(0.51–4.06)  

PfHRP2 (ng/ 
mL)e 

4420 (931- 
16,071) 

9680 
(1974–34,128) 

1.04 
(0.96–1.12) 

.3151 

Categorical variables are given by frequencies (%). Numerical variables are 
median (IQR). Significant outcomes are given in boldface type. 
f Variable was analysed on a log scale. 
g 3 missing cases. 
*VFRs = visiting friends and relatives. 
1 Logistic regression analysis. 
2 Chi-square test. 
3 Fisher’s exact test. 
4 Kruskal-Wallis testing shows there is no significant difference in levels of 
parasitemia in different age categories. 

a ORs are given for a 10-U change in the explanatory variable. 
b OR is given for a 0.1-U change in the explanatory variable. 
c ORs are given for a 50-U change in the explanatory variable. 
d OR is given for a 100,000-U change in the explanatory variable. 
e OR is given for a 10,000-U change in the explanatory variable. 
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4.1. Limitations of the study 

An important limitation of this study is its retrospective design with 
lack of follow-up PfHRP2 data. All blood samples that were stored were 
collected at admission only. Ideally the design of the study would have 
been prospectively with several measurements of PfHRP2 over time. The 
differences in PfHRP2 measurements (whole blood versus plasma) in our 
study compared to previous studies may limit the generalizability of our 
findings to the respective groups of patients. 

5. Conclusion 

Our study confirms the association between PfHRP2 and disease 
severity in patients with imported falciparum malaria as was found 
previously in patients from malaria endemic regions. In line with this, 
PfHRP2 correlated well with some established classic measures of dis-
ease severity (lactate, creatinine and thrombocytes). In multivariate 
analysis having a non-VFRs travel purpose (mainly tourists) appeared as 
an independent risk factor for severe malaria. Additionally, we found 
that VFRs patients had significantly lower levels of peripheral blood 
parasitemia compared to patients with other purpose of travel despite 
comparable levels of PfHRP2, suggesting that the correlation between 
PfHRP2 levels and disease severity differs between malaria naïve and 
(partially-) immune patients. For a proper interpretation of PfHRP2 
levels as disease severity marker in travellers, the purpose of travel 
(VFRs or other purpose) should be taken into account to have an esti-
mate of presence of some pre-existing acquired anti-malarial immunity. 
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