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Abstract

Background

Malaria remains a leading cause of childhood mortality in sub-Saharan Africa. Identifying
patients who are at risk for severe manifestations at presentation still remains challenging.
This study examines whether a semi-quantitative test on C-Reactive Protein (CRP) could
be useful for rapidly predicting the presence or absence of malarial parasitemia in febrile
children.

Method

Data were collected from children with fever or a history of fever at the Agogo Presbyterian
Hospital in the Ashanti Region of Ghana. Haematological measurements, microscopic
detection of plasmodium species and semi-quantitative CRP measurements with a mem-
brane—based immunoassay for whole blood were performed. CRP was classified as positive
when the measured level was > 10 mg/I.

Results

During 548 visits, thick blood film results could be obtained from 541 patients, 270 (49.3%)
yielded parasitemia with Plasmodium spp. Whereas malaria parasites were detected in only
a few patients (7.1%) with normal CRP levels (< 10mg/l), more than a half of patients with an
increased CRP concentration (> 10 mg/l) were parasite positive (OR 14.5 [Cl 4.4-47.6],
p<0.001). Patients with increased CRP levels had more than an eight-fold likelihood for
parasitemia after correction for other parameters (adjusted OR 8.7 [Cl 2.5-30.5], p<0.001).
Sensitivity, specificity as well as positive predictive and negative predictive values of CRP
for malaria were 99.3% (Cl 96.2%-100%), 9.2% (Cl 6.4%-12.8%), 31.7% (Cl 27.4%-36.1%)
and 97.0% (CI 84.2%-99.9%), respectively.
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Conclusion

The semi-quantitative method of measuring CRP is cheap, rapid and easy to perform but
not useful in predicting parasitemia and malaria. However, due to its high negative predictive
value, it could have a role in identifying those patients unlikely to be presenting with clinical
malaria.

Background

Plasmodium falciparum malaria is among the leading causes of childhood mortality in most
sub-Saharan African countries [1]. In 2017, the World Health Organization (WHO) estimated
that among the 445,000 deaths attributable to malaria worldwide, most occurred in African
children less than five years old [2]. The majority of these children have to rely on underre-
sourced health facilities, especially in terms of laboratory investigations and personnel.

The case definition of malaria requires at least an increased body temperature and the pres-
ence of asexual stages of malaria parasites. However, as a result of the intermittent nature of
malaria fever [3], some malaria cases may present afebrile even in patients with high parasite
density in areas of high endemicity [4,5]. Fever due to other viral or bacterial infections might
mislead to the diagnosis of malaria in patients with parasitemia. Symptoms, which have been
described in malaria such as headache, fatigue, abdominal discomfort, joint aches also do
occur in viral or bacterial infections [6]. On the other side, clinical manifestations of severe
malaria, which include cerebral manifestations and severe anaemia, may overlap with those of
other severe febrile illnesses in endemic countries [7], thereby making it difficult to determine
which patients really have malaria at presentation. Rapid identification of patients who may
not have malaria, or have another diagnosis along with malaria, is crucial to institute timely
therapy and thereby decrease the fatality rate.

In highly endemic regions, parasitemia can be a common finding and clinical manifesta-
tions can be due to causes other than malarial infection. The WHO therefore recommends
that malaria microscopy or rapid diagnostic test (RDT) be carried out in suspected malaria
cases [6]. In a context where these may not be available, other biomarkers could also improve
an early specific diagnosis of clinical malaria and enhance the distinction between malaria and
other diseases.

Blood glucose, lactate concentration and base excess have long been used in assessing severe
malaria and its complications. Biomarkers related to the immune activation pathways such as
procalcitonin, angiopoeitin and von Willebrand Factor (vWF) have recently been studied
[8,9]. Though these tests may be useful in the diagnosis and prognosis of malaria, they were
not systematically tested for this purpose in endemic regions. Moreover, time and costs of
these tests would make them inappropriate for routine use in most African settings.

C-Reactive Protein (CRP) has also been studied lately in patients with malaria in Africa and
other parts of the world [4,10,11]. CRP is an acute-phase reactant, whose plasma concentration
increases during inflammatory disorders [12,13]. It is released during malaria [4,10,11,14] and
other infections [15,16,17]. Beside activation of the complement pathway, CRP exhibits an
important phagocytic function, binding infected erythrocytes and helping in their clearance
[18]. It is also valuable for assessing the severity of malaria and as prognostic tool in the follow-
up response to treatments [14].

CRP can be measured qualitatively, semi-quantitatively and quantitatively. The qualitative
method measures the absence or presence of a certain level of CRP in a serum sample [19].
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The semi-quantitative method measures an approximate concentration of CRP within a serum
sample. The quantitative method is more complex and expensive, requiring more time to per-
form (15-30 minutes) [15]. This method is widely used in developed countries, providing rela-
tively rapid, highly sensitive and specific results. The qualitative and semi-quantitative
methods are simpler, less expensive and require less skill to perform. They can be used as
point-of-care bed-side (POC) tests, not necessarily requiring a standard laboratory, therefore
making these methods more feasible in many areas of sub-Saharan Africa.

The aim of this study was to evaluate the value of a semi-quantitative CRP test to predict
clinical malaria among febrile children in a highly endemic area of Ghana.

Materials and methods
Study design

Patients were recruited between January and October 2010. Data were collected from children
aged up to 15 years old with fever or a history of fever during the 24 hours preceding the con-
sultation. Haematological measurements, semi-quantitative CRP measurements and micro-
scopic Plasmodium detection were performed and analysed. All samples were collected at the
Agogo Presbyterian Hospital in the Asante Akyem North district in Ghana. The predominant
malaria parasite in this region is P. falciparum [20] with an estimated entomological inocula-
tion rate (EIR) of > 400 per person per year [21]. All statistical analyses were performed using
StataMP 12 (StataCorp., Texas, USA).

Body temperatures were recorded for each child, and fever was defined as an axillary
temperature > 37.5°C. Venous blood was drawn using Vacutainer tubes (Becton Dickinson,
Oxford, UK) containing EDTA as an anti-coagulant. A blood smear was immediately made
and later stained with Giemsa. The full blood count (FBC) analysis for each participant’s sam-
ple was analysed using a Sysmex" KX-21N Haematological Analyzer (Sysmex Corporation,
Kobe, Japan).

Consent and ethical approval

The study was conducted in accordance with the ethical principles of the Declaration of Hel-
sinki. Ethical approval was obtained from the Ethics committees of the School of Medical Sci-
ences, Kwame Nkrumah University of Science and Technology (KNUST), Kumasi.

Written informed consents of all study participants were obtained from mothers or guard-
ians after been informed about the aim of the study in presence of a witness.

Parasitology

Plasmodium species and counts (number of parasites per 200 leukocytes) were analysed by
microscopy and recorded. A slide was considered negative when no malaria parasite was seen
in 100 highpower fields (HPF). A slide was considered positive when at least one parasite was
seen in the thick film. All slides were double-read by different readers to ensure accuracy.
Slides which were discrepant were excluded from the analysis.

Cell reactive protein (CRP) test

CRP was measured using the CRP Test Kit CRP-K10 (Diagnostik Nord, Germany), a semi-
quantitative membrane-based immunoassay for the determination of CRP in whole blood,
serum or plasma. The test was standardized to detect CRP levels at or above 10 mg/l, with a
reported sensitivity of 94.8% and a specificity of 98.3% (according to internal performance
studies conducted by Diagnostik Nord). Between 10 and 12 drops of the buffer solution
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included in the test kit were put in a test tube, this was held vertically to prevent air trapping. A
capillary tube was filled with approximately 3.5 pL of the patient’s serum and transferred into
the tube filled with buffer solution and mixed thoroughly. Three drops of the specimen mix-
ture were then put into the specimen well and the results were interpreted after 5 minutes. The
appearance of a line in the “C” (control) marked zone confirmed that the test had worked
properly. In the middle part of the test is the reference line “R”, with the test line “I” closest to
the test field “S”. The results were then interpreted based on the coloured lines which appeared
in the field lines. A test was said to be positive when three distinct colours appeared in the lines
“T”, “C” and “R”. The CRP concentration of a sample is interpreted as 10-30 mg/l when the
test line (T) is fainter than the reference line (R), around 30 mg/l when the test (T) is close to
the reference line (R) in intensity and over 30 mg/l when the test line (T) is brighter than the
reference line (R). The CRP concentration in the sample was less than 10 mg/] and the test was
considered negative when two coloured lines appeared in the control (C) and reference (R)
areas, with no distinct colour line appearing in the test area (T). A test was considered invalid
when there was no control line (C) and/or reference line (R). This was then discarded and a
new test was performed. [22].

Data management and analysis

The association between the outcome variable parasitemia and possible impact variables were
analysed performing a univariate analysis and then a multivariable logistic regression with
backward stepwise selection. Parameters with potential relevance such as age, sex, tachycardia,
tachypnea, blood culture result and white blood cell count were included in the final logistic
regression model to assess their independent effect on parasitemia. For the stepwise estima-
tion, a p-value of <0.1 was set as statistical cut-off meaning that variables with a p-value <0.1
were further analysed. Odds ratio (OR), 95% confidence interval (CI) and p-values were then
calculated.

Results
Study population

Opverall, 541 patients aged up to fifteen years were included in the study (Table 1). One patient
had three and five patients had two visits, making up a total of 548 visits. The minimum age
was one and the maximum was 167 months. The mean age was 40.5 months (SD %37.7) and
the median age 30 months (interquartile range 11-59). 419 (77.4%) of the children were < 60
months old and 121 (22.6%) were > 60 months and < 15 years old; 58.4% were male and
41.6% were female. Children < 12 months had much more often low CRP levels. The other
basic parameters were similarly distributed over CRP levels.

Prevalence of Plasmodium parasitemia

Out of the 548 visits, thick blood smear results were available for all the patients. 270 (49.3%)
blood smears yielded parasitemia with Plasmodium spp. and 278 (50.7%) were negative.
Among patients above 12 months of age who were screened, 88.5% had a parasitemia, whereas
among those aged up to 12 months, the prevalence was 11.5%. 76.6% of positive blood smears
were found in children below 5 years of age.

CRP levels, malarial parasitemia and septicemia

CRP levels were low (< 10 mg/1) in 42 (7.7%) visits and high (> 30 mg/1) in 368 (67.2%) visits.
Few patients with negative CRP were malaria positive (7.1%), whereas more than half of
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Table 1. Basic parameters and distribution of CRP levels in 541 patients.

Total C-Reactive Protein
n =541 low medium high P
(<10 mg/1) (10-30 mg/l) (>30 mg/l)
Sex (%) 0.642
Male 316 (58.4) 27 (64.3) 80 (59.7) 209 (57.3)
Female 225 (41.6) 15 (35.7) 54 (40.3) 156 (42.7)
Age, months (%) <0.001
<12 141 (26.1) 28 (66.7) 38 (28.4) 75 (20.6)
12-<24 97 (17.9) 5(11.9) 21 (15.7) 71 (19.5)
24 - < 36 76 (14.1) 3(7.1) 25 (18.7) 48 (13.2)
36 - <48 72 (13.3) 1(24) 19 (14.2) 52 (14.3)
48 - <60 33 (6.1) 2(4.8) 7(5.2) 24 (6.6)
> 60 122 (22.6) 3(7.1) 24 (17.9) 95 (26.0)
Ethnicity (%) 0.595
Akan 376 (69.5) 27 (64.3) 85 (63.4) 264 (72.3)
Ewe 23 (4.3) 1(2.4) 6 (4.5) 16 (4.4)
Ga 2(0.4) 0(0) 1(0.8) 1(0.3)
Northern 125 (23.1) 12 (28.6) 37 (27.6) 76 (20.8)
Others 15 (2.8) 2(4.8) 5(3.7) 8(2.2)
House type (%) 0.855
Cement/brick 407 (75.2) 32(76.2) 97 (72.4) 278 (76.2)
Mud 133 (24.6) 10 (23.8) 37 (27.6) 86 (23.6)
Wood 1(0.2) 0(0) 0(0) 1(0.3)
Electricity (%) 0.778
Yes 325 (60.1) 27 (64.3) 82 (61.2) 216 (59.2)
No 216 (39.9) 15 (35.7) 52 (38.8) 149 (40.8)
Water source (%) 0.805
Inside Tap 10 (1.9) 0(0) 4(3.0) 6(1.6)
Stand pipe 438 (81.0) 35(83.3) 106 (79.1) 297 (81.4)
River water 46 (8.5) 3(7.1) 14 (10.5) 29 (8.0)
Well 47 (8.7) 4(9.5) 10 (7.5) 33(9.19)

https://doi.org/10.1371/journal.pone.0201693.t001

patients with an increased CRP concentration (> 10 mg/l) were malaria positive (OR 14.5 [CI
4.4-47.6], p<0.001) (Table 2). Similarly, increased CRP levels were strongly associated with
clinical malaria, defined as parasitemia > 5000 parasites/ul (OR 16.5 [CI 2.2-121], p<0.001).

Blood culture results were available for 505 patients. Of them, 31 (6.1%) patients were posi-
tive for bacteria (Table 2). CRP levels were not associated with the likelihood of positive blood
cultures (medium CRP vs. low CRP, OR 0.9 [CI 0.2-3.4], p = 0.84; high CRP vs. low CRP, OR
0.8 [C10.2-2.7], p = 0.68).

Multivariate analysis

Patients with an increased CRP level had more than an eight-fold likelihood for positive para-
sitemia (adjusted OR 8.7 [CI 2.5-30.5], p<0.001) in the adjusted multivariable model

(Table 3). Sex, tachycardia and tachypnea were not significantly associated with parasitemia.
The adjusted OR of patients with a CRP > 10 mg/I for malaria was nine (adjusted OR 9.1 [CI
1.2-69.2], p = 0.034). After adjustment, increased CRP levels were not significantly associated
with septicemia.
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Table 2. Univariate analysis of the association between CRP levels and parasitemia, malaria and septicemia in 548 patient visits.

CRP level Parasitemia Malaria Septicemia*
No Yes OR No Yes OR No Yes OR
(%) (%) (95% CI) (%) (%) (95% CI) (%) (%) (95% CI)
low 39 (92.9) 3(7.1) 1 41 (97.6) 1(2.4) 1 37 (92.5) 3(7.5) 1
(< 10 mg/l)
medium 66 (47.8) 72 (52.2) 14.2 105 (76.1) 33(23.9) 12.9 114 (93.4) 8(6.6) 0.9
(10-30 mg/1) (4.2-48.1) (1.7-97.3) (0.2-3.4)
high 173 (47.0) 195 (53.0) 14.7 256 (69.6) 112 (30.4) 17.9 323 (94.2) 20 (5.8) 0.8
(> 30 mg/l) (4.4-48.3) (2.4-132) (0.2-2.7)
increased 239 267 14.5 361 145 16.5 437 28 0.8
(> 10 mg/l) (47.2) (52.8) (4.4-47.6) (71.3) (28.7) (2.2-121) (94.0) (6.0) (0.2-2.7)

OR, odds ratio; CI, confidence interval

*n = 505, blood culture results not available for 43 patient visits

https://doi.org/10.1371/journal.pone.0201693.t002

Sensitivity, specificity, positive and negative predictive values of CRP

In assessing the quality of the test, sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) of increased CRP for parasitemia, malaria and septicemia were
calculated (Table 4). For parasitemia, these values were 98.9% (CI 96.8%-99.8%), 14.0% (CI
10.2%-18.7%), 52.8% (CI 48.3%-57.2%) and 92.9% (CI 80.5%-98.5%), respectively. Sensitivity,
specificity, PPV and NPV of an increased CRP level for malaria were 99.3% (CI 96.2%-100%),
9.2% (CI 6.4%-12.8%), 31.7% (CI 27.4%-36.1%) and 97.0% (CI 84.2%-99.9%), respectively.

Discussion

The usefulness of CRP as a biomarker for the prediction of Plasmodium parasitemia was
assessed in an area where malaria infection is very prevalent. The intention was to find out if

Table 3. Multivariate analysis of the association between CRP levels and other parameters, and parasitemia, malaria and septicemia in 548 patient visits.

Parameter Parasitemia Malaria Septicemia
(n=482) (n=482) (n = 441)
OR (95% CI) OR (95% CI) OR (95% CI)
Basis 1 1 1
CRP > 10 mg/l 8.7 (2.5-31.0) 9.2 (1.2-70.6) 0.8 (0.2-3.1)
Leukocytes [/p]
8,000 - < 16,000 0.6 (0.4-0.9) 0.7 (0.5-1.2) 1.1 (0.4-2.8)
> 16,000 0.2 (0.1-0.4) 0.2 (0.1-0.5) 1.3 (0.4-3.9)
Age [months]
12- <24 4.0 (2.1-7.6) 3.3 (1.5-7.2) 0.8 (0.2-2.5)
24 - <36 4.6 (2.3-9.0) 3.0 (1.3-6.5) 1.1 (0.3-3.7)
36 - < 48 6.4 (3.1-12.9) 3.8 (1.8-8.3) 0.2 (0.02-1.8)
48 - < 60 5.8 (2.4-14.1) 5.1 (2.0-13.1) 0.5 (0.05-3.9)
> 60 2.8 (1.5-5.3) 2.6 (1.2-5.7) 0.8 (0.2-2.6)
Sex female 1.4 (0.9-2.1) 1.3 (0.8-2.0) 2.1 (0.9-4.6)
Tachycardia 29(1.2-7.2) 6.5 (1.4-29.1) 0.7 (0.1-3.6)
Tachypnea 0.5 (0.3-1.1) 0.4 (0.2-1.1) 0.7 (0.2-3.1)

OR, odds ratio; CI, confidence interval

Basis: CRP < 10 mg/l, leucocytes < 8,000/, age < 1 years, sex male, no tachycardia, no tachypnea

https://doi.org/10.1371/journal.pone.0201693.t003
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Table 4. Test quality of CRP levels for the prediction of parasitemia, malaria and septicemia.

Sensitivity
Specificity

ROC area
Assumed prevalence
PPV

NPV

Parasitemia Malaria Septicemia
98.9% 99.3% 90.3%
(96.8%-99.8%) (96.2%-100%) (74.2%-98.0%)
14.0% 9.3% 7.8%
(10.2%-18.7%) (6.4%-12.8%) (5.6%-10.6%)
0.57 0.54 0.50
49% 30% 6.1%
52.8% 3L.7% 6.0%
(48.3%-57.2%) (27.4%-36.1%) (4.0%-8.6%)
92.9% 97.0% 92.5%
(80.5%-98.5%) (84.2%-99.9%) (79.6%-98.4%)

ROC, Receiver-Operating Characteristic; PPV, positive predictive value; NPV, negative predictive value

https://doi.org/10.1371/journal.pone.0201693.t004

CRP could help in distinguishing clinical malaria manifestations from other causes. As recom-
mended by the WHO, all febrile patients should be tested for malaria and those who test posi-
tive for parasitemia should be treated for malaria. CRP must therefore not be considered as a
replacement of proper parasitological diagnosis.

In the univariate analysis, elevated CRP levels were seen in patients with parasitemia and
those with malaria. CRP was also associated to parasitemia in the multivariate analysis. Almost
all of the patients with a detectable parasitemia (267/270, 98.9%) and those with clinical
malaria (144/145, 99.3%) had elevated CRP levels. This finding is consistent with results from
studies conducted in The Gambia, Tanzania, Mozambique and Malawi [4, 8, 16, 23] where
malaria was also found to be associated with elevated CRP levels.

However, the positive predictive values of elevated CRP for parasitemia and malaria were
only 52.8% and 31.7%, respectively. Accordingly, in patients with elevated CRP levels, about a
half had no parasitemia and two-thirds had no malaria. This is similar to the background fre-
quency of parasitemia and malaria found in the patients recruited for the study, indicating that
there was no additional information provided by an increase of CRP levels in such an area.

CRP is known to rise during bacterial infections [16, 17]. In the present study, elevated
CRP levels were found in 90.3% of the patients with positive blood culture results. The semi-
quantitative test could not differentiate between parasitemia and bacterial infections.

Negative predictive values of elevated CRP were high for parasitemia (92.9%) and malaria
(97.0%), implying that the likelihood that patients with normal CRP levels have no parasitemia
or malaria is high. Based on this finding, a normal CRP may be used in ruling out malaria in
febrile children in a context where malaria microscopy and RDT may not be readily available.
However, CRP levels were normal only in a minority of patients.

In a recent study from Malawi the usefulness of different biomarkers was examined, namely
C3a, C5a, angiopoientin-1, angiopoientin-2, soluble tie 2 (sTie-2), soluble Endoglin (sEndo-
glin), vascular endothelial growth factor (VEGF), soluble fms-like tyrosine kinase-1 (sFlt-1),
tissue factor and leptin to identify plasmodium parasites in pregnant women. Individually, all
these markers showed only a moderate ability (areas under ROC between 0.62 and 0.72) to
identify malaria [8]. Similarly, CRP levels had a limited ability to identify malaria in the study
presented here.

From our results, though CRP is elevated in parasitemia and in malaria, it lacks the ability
to differentiate a Plasmodium spp. infection from septicemia due to its poor specificity. How-
ever, in a setting like sub-saharan Africa where other febrile illnesses play an important role, a
negative CRP can nearly rule out parasitemia or malaria due to its high negative predictive
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value. The high negative predictive value results from the relative low frequency and cannot be
generalised for situations with very high prevalence. Nevertheless, this finding could be helpful
for clinicians in making decisions, especially in highly malaria-endemic areas, where fever is
frequently equivalent to malaria and treated accordingly [24], leaving alternative agents of
invasive infections unrecognized [25].

A limitation of this study was the use of only microscopy at 100 HPF to detect parasitemia
without the use of PCR-diagnostics. As PCR is known to be more sensitive than microscopy
examination [26], the use of micoroscopy alone might have led to some of the true cases of
parasitemia being missed.

Conclusion

The semi-quantitative method of measuring CRP is cheap, rapid and easy to perform, but not
useful in predicting malaria or parasitemia in febrile children. Furthermore, it is unable to dif-
ferentiate malaria from other febrile illnesses like septicemia due to its poor specificity. Never-
theless, a negative CRP has a high negative predictive value in few patients with normal CRP,
meaning a negative CRP might be indicative of those patients unlikely to be presenting with
clinical malaria. However, CRP cannot replace parasitological testing in febrile patients.

Supporting information

S1 Data File CRP.
(XLS)

Acknowledgments

We would like to thank the following laboratory members for their important contributions:
Kennedy Gyau, Samuel Ekuban, Bernard Nkrumah.

Author Contributions
Conceptualization: Juergen May.
Methodology: Bismark Osei Sarfo.
Supervision: Juergen May.

Writing - original draft: Bismark Osei Sarfo.

Writing - review & editing: Bismark Osei Sarfo, Andreas Hahn, Norbert Georg Schwarz,
Anna Jaeger, Nimako Sarpong, Florian Marks, Yaw Adu-Sarkodie, Thalea Tamminga, Juer-
gen May.

References

1. Snow RW, Guerra CA, Noor AM, Myint HY, Hay SI. The global distribution of clinical episodes of Plas-
modium falciparum malaria. Nature. 2005 Mar 10; 434(7030):214—7. https://doi.org/10.1038/
nature03342 PMID: 15759000

2. World Health Organisation. World Malaria Report. Geneva, 2017.

Kwiatkowski D, Greenwood BM. Why is malaria fever periodic? A hypothesis. Parasitology Today,
1989 Aug; 5(8): 264—6. PMID: 15463230

4. McGuire W, D’Alessandro U, Olaleye BO, Thomson MC, Langerock P, Greenwood BM, et al. C-reac-
tive protein and haptoglobin in the evaluation of a community-based malaria control programme. Trans
R Soc Trop Med Hyg. 1996 Jan-Feb; 90(1):10—4. PMID: 8730300

PLOS ONE | https://doi.org/10.1371/journal.pone.0201693  August 6, 2018 8/9


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201693.s001
https://doi.org/10.1038/nature03342
https://doi.org/10.1038/nature03342
http://www.ncbi.nlm.nih.gov/pubmed/15759000
http://www.ncbi.nlm.nih.gov/pubmed/15463230
http://www.ncbi.nlm.nih.gov/pubmed/8730300
https://doi.org/10.1371/journal.pone.0201693

@° PLOS | ONE

C-reactive protein and malaria parasitemia

10.

11.

12
13.
14.

15.

16.

17.

18.

19.

20.

21.

22,
23.
24,

25.

26.

Marsh K. Malaria- a neglected disease? Parasitology, 1992, 104: 53-59 In: Greenwood BM, Bradley
AK, Greenwood AM, Byass P, Jammeh K, Marsh K, et al. Mortality and morbidity from malaria among
children in a rural area of The Gambia, West Africa. Trans R Soc Trop Med Hyg. 1987; 81(3):478-86.
PMID: 3318021

World Health Organisation. Guidelines for the Treatment of Malaria. Second Edition, 2010.

Evans JA, Adusei A, Timmann C, May J, Mack D, Agbenyega T, et al. High mortality of infant bacterae-
mia clinically indistinguishable from severe malaria. QJM. 2004; 97(9):591-597. https://doi.org/10.
1093/gjmed/hch093 PMID: 15317928

Conroy AL, Liles WC, Molyneux ME, Rogerson SJ, Kain KC. Performance characteristics of combina-
tions of host biomarkers to identify women with occult placental malaria: a case-control study from
Malawi. PLoS One, 2011. 6(12): p. €28540. https://doi.org/10.1371/journal.pone.0028540 PMID:
22174834

Erdman LK, Dhabangi A, Musoke C, Conroy AL, Hawkes M, Higgins S, et al. Combinations of host bio-
markers predict mortality among Ugandan children with severe malaria: a retrospective case-control study.
PLoS One, 2011. 6(2): p. e17440. https://doi.org/10.1371/journal.pone.0017440 PMID: 21364762

Paul R, Sinha PK, Bhattacharya R, Banerjee AK, Raychaudhuri P, Mondal J. Study of C- Reactive pro-
tein as a prognostic marker in malaria from eastern India. Adv Biomed Res. 2012; 1:41. hitp://
europepmec.org/articles/PMC3544111. https://doi.org/10.4103/2277-9175.100140 PMID: 23326772

Lima-Junior JC, Rodrigues-da-Silva RN, Pereira VA, Storer FL, Perce-da-Silva DS, Fabrino DL, et al.
Cells and mediators of inflammation (C-reactive protein, nitric oxide, platelets and neutrophils) in the
acute and convalescent phases of uncomplicated Plasmodium vivax and Plasmodium falciparum infec-
tion. Mem Inst Oswaldo Cruz, Rio de Janeiro, 2012 December, Vol. 107(8): 1035—-1041.

Kushner I. C- reactive Protein and the acute phase response. Hosp Pract. 1990; 25:13-28.
DuClos TW. Function of C- Reactive Protein. Ann Med. 2000; 32:274-278. PMID: 10852144

Gillespie SH, Dow C, Raynes JG, Behrens RH, Chiodini PL, McAdam KP. Measurement of acute
phase proteins for assessing severity of Plasmodium falciparum malaria. J Clin Pathol. 1991 Mar; 44
(3): 228-231. PMID: 1707416

Clyne B, Olshaker JS. The C- Reactive Protein. J Emerg Med. 1999 Nov-Dec; 17(6):1019-25. PMID:
10595891

Diez- Padresa N, Bassat Q, Machevo S, Quinto L, Morais L, Nhampossa T, et al. Procalcitonin and C-
reactive protein for invasive bacterial pneumonia diagnosis among children in Mozambique, a malaria-
endemic area. PLoS One, 2010 October, Vol 5, Issue 10, 13226, www.plosone.org https://doi.org/10.
1371/journal.pone.0013226 PMID: 20976241

West BA, Peterside O, Ugwu RO, Eneh AU. Prospective Evaluation of the usefulness of C-reactive pro-
tein in the diagnosis of neonatal sepsis in a sub-Saharan African region. Antimicrobial Resistance and
Infection Control 2012, 1:22. https://doi.org/10.1186/2047-2994-1-22 PMID: 22958461

Ansar W, Bandyopadhyay SM, Chowdhury S, Habib SH, Mandal C. Role of C-reactive protein in com-
plement-mediated hemolysis in Malaria. Glycoconj J. 2006 May; 23(3—4):233-40. https://doi.org/10.
1007/s10719-006-7928-0 PMID: 16691506

Weinberg GA, D’Angio CT. Laboratory aids for diagnosis of neonatal sepsis. In: Hengst JM. The role of
C- Reactive Protein in The Evaluation and management of infants with suspected sepsis. Advances in
Neonatal Care, Vol 3, No 1 (February), 2003: 3—13.

Browne EN, Frimpong E, Sievertsen J, Hagen J, Hamelmann C, Dietz K, et al. Malariometric Update for
the rainforest and savanna of Ashanti region, Ghana. Annals of tropical Medicine & Parasitology, 2000,
Vol. 94, No. 1, 15-22.

Kobbe R, Kreuzberg C, Adjei S, Thompson B, Langerfeld |, Thompson PA, et al. A randomized con-
trolled trial of extended intermittent preventive antimalarial treatment in infants. Clinical infectious Dis-
ease, 2007 July; 45: 16-25.

Diagnostik Nord. CRP Test (CRP-K10, Package Insert). Schwerin, Germany.
Hurt N, Smith T, Teuscher T, Tanner M. Do high levels of C- reactive protein in Tanzanian children indi-
cate malaria morbidity? Clin Diagn Lab Immun, 1994 July, Vol 1, No. 4, p. 437-444.

Gosling RD, Drakeley CJ, Mwita A, Chandramohan D. Presumptive treatment of fever cases as
malaria: help or hindrance for malaria control? Malaria J. 2008; 7: 132.

Muller O, Traore C, Becher H, Kouyate B. Malaria morbidity, treatment-seeking behaviour, and mortality
in a cohort of young children in rural Burkina Faso. Trop Med Int Health. 2003; 8(4): 290-6. PMID:
12667146

Johnston SP, Pieniazek NJ, Xayavong MV, Slemenda SB, Wilkins PP, da Silva AJ. PCR as a confirma-
tory technique for laboratory diagnosis of malaria. J Clin. Microbiol; 2006 Mar; 44(3): 1087—1089.
https://doi.org/10.1128/JCM.44.3.1087-1089.2006 PMID: 16517900

PLOS ONE | https://doi.org/10.1371/journal.pone.0201693  August 6, 2018 9/9


http://www.ncbi.nlm.nih.gov/pubmed/3318021
https://doi.org/10.1093/qjmed/hch093
https://doi.org/10.1093/qjmed/hch093
http://www.ncbi.nlm.nih.gov/pubmed/15317928
https://doi.org/10.1371/journal.pone.0028540
http://www.ncbi.nlm.nih.gov/pubmed/22174834
https://doi.org/10.1371/journal.pone.0017440
http://www.ncbi.nlm.nih.gov/pubmed/21364762
http://europepmc.org/articles/PMC3544111
http://europepmc.org/articles/PMC3544111
https://doi.org/10.4103/2277-9175.100140
http://www.ncbi.nlm.nih.gov/pubmed/23326772
http://www.ncbi.nlm.nih.gov/pubmed/10852144
http://www.ncbi.nlm.nih.gov/pubmed/1707416
http://www.ncbi.nlm.nih.gov/pubmed/10595891
http://www.plosone.org
https://doi.org/10.1371/journal.pone.0013226
https://doi.org/10.1371/journal.pone.0013226
http://www.ncbi.nlm.nih.gov/pubmed/20976241
https://doi.org/10.1186/2047-2994-1-22
http://www.ncbi.nlm.nih.gov/pubmed/22958461
https://doi.org/10.1007/s10719-006-7928-0
https://doi.org/10.1007/s10719-006-7928-0
http://www.ncbi.nlm.nih.gov/pubmed/16691506
http://www.ncbi.nlm.nih.gov/pubmed/12667146
https://doi.org/10.1128/JCM.44.3.1087-1089.2006
http://www.ncbi.nlm.nih.gov/pubmed/16517900
https://doi.org/10.1371/journal.pone.0201693

