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Potential usefulness of C-reactive 
protein and procalcitonin 
determination in patients admitted 
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Democratic Republic of Congo
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In low-resource hospitals of central Africa, neurological disorders are frequent and etiologies very 
diverse. The difficulty to identify invasive bacterial infections in this setting results in major antibiotic 
overuse. Biomarkers such as C-reactive protein (CRP) and procalcitonin (PCT) may help discriminate 
these conditions. We retrospectively determined the concentrations of CRP and PCT in the sera of 
patients consecutively enrolled from 2012 to 2015 in an etiological study on neurological disorders at 
the rural hospital of Mosango, Democratic Republic of Congo. Invasive bacterial infection had been 
diagnosed by the demonstration of a bacterial pathogen in cerebrospinal fluid or blood cultures or 
the presence of radiological pneumonia. Sera of 313 (89.2%) and 317 (90.3%) of the 351 enrolled 
participants were available for determination of CRP and PCT concentrations respectively. Areas 
under the receiver operating characteristic curves for invasive bacterial infection, diagnosed in 19 
tested cases, were 94.3% for CRP and 91.7% for PCT. No single case had a normal CRP concentration 
(<10 mg/L). Our data, although limited, suggest that CRP or PCT concentrations may help discriminate 
invasive bacterial infections in patients with neurological disorders in tropical settings and that normal 
CRP values could assist in withholding antibiotics.

Neurological disorders represent a major burden for health systems of both high- and low-income countries. 
They may be caused by a wide variety of infectious and non-infectious etiologies, but the precise epidemiological 
spectrum is relatively unknown in settings with limited diagnostic facilities, such as in Central African rural 
hospitals1.

In the group of infectious etiologies that may present with neurological symptoms, invasive bacterial infections 
such as bacterial meningitis, bacteremia and severe sepsis should be detected with the highest priority because 
early antibiotic administration improves outcomes2. Antibiotics are however of no utility for the non-bacterial 
and non-infectious causes of neurological disorders, and their indiscriminate use may, on the one hand, under-
treat some severe but curable non-bacterial infections while, on the other hand, fuel antimicrobial resistance. In 
settings with limited facilities such as in most rural Africa, first-line health care workers may feel overwhelmed by 
severely ill patients with neurological disorders. Clinical experience suggests that empirical treatment with anti-
biotics is nearly universal once malaria has been ruled out, as has been repeatedly observed for febrile illnesses3.
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In high-income settings, two markers of inflammation and sepsis, C-reactive protein (CRP) and procalcitonin 
(PCT), are widely used to help discriminate infectious/inflammatory diseases from other conditions and to dis-
tinguish bacterial from viral infections4,5. Depending on the clinical scenario and setting in which they have been 
evaluated, both biomarkers have variable but similar overall performance6. Several studies have shown that the 
use of these tools can lead to a sizeable reduction in antibiotic overuse and even improves survival of adult popu-
lations in primary or intensive care settings7–9. Nevertheless, some controversy persists10,11. In clinical practice, it 
is common to use two cutoff concentrations for biomarkers: a lower value under which bacterial infection can be 
safely ruled out and a higher value above which it is usually ruled in6,12. Concentrations between these two cutoffs 
often constitute a grey zone for management.

The diagnostic value of both biomarkers is also increasingly explored in various low-resource settings, for 
different clinical syndromes, and at different cutoffs. Several point-of-care immunochromatography-based qual-
itative and semi-quantitative Rapid Diagnostic Tests (RDTs) have been developed for CRP and PCT determina-
tion, and some commercially available CRP RDTs have been validated in tropical settings13. Attention has mainly 
focused on the diagnostic value of those biomarkers in respiratory tract infections in sub-Saharan Africa14,15 
and Southeast Asia16, and in undifferentiated fevers in Southeast Asia17,18. Reduction in antibiotic use in patients 
with respiratory tract infection was demonstrated after the integration of point-of-care CRP results in clinical 
algorithms designed for primary care in Tanzania19 and in Vietnam16. No study has investigated the potential 
usefulness of point-of-care biomarkers for the management of neurological disorders in tropical settings.

This study is a post-hoc retrospective analysis aimed at exploring the diagnostic value of CRP and PCT deter-
mination in discriminating invasive bacterial infections from other etiologies in the sera of 351 patients consec-
utively enrolled with neurological disorders at the rural hospital of Mosango, Democratic Republic of Congo 
(DRC). We assessed the diagnostic performance of CRP and PCT using the cutoff values that are provided in 
currently available point-of-care assays. Secondary objectives were to assess to which extent the results of CRP 
and/or PCT, if they had been available at initial assessment, could have modified the case management and to 
evaluate the prognostic value of both biomarkers for an adverse (or favorable) outcome.

Methods
Study participants and setting.  This diagnostic accuracy study determined retrospectively the concen-
tration of CRP and PCT in well-characterized archived clinical samples obtained from an etiological study on 
neurological disorders at the “Hôpital Général de Réference” (HGR) of Mosango, province of Kwilu (ex-Band-
undu), Democratic Republic of Congo. The rationale, objective, design, study population and setting of this etio-
logical study conducted within the NIDIAG project (“Better Diagnosis for Neglected Infectious Diseases”; www.
nidiag.org) have been described in detail previously20. Briefly, children older than five years and adults who were 
admitted for ongoing neurological disorders were consecutively enrolled from 2012 to 2015 and prospectively 
followed-up for at least 3 months. Entry criteria were any of the following neurological symptoms or syndromes: 
altered state of consciousness; change in sleep pattern; cognitive decline; changes in personality/behavior; recent 
(<2 weeks) epileptic seizure; recent, severe and progressive headache; meningism; new onset cranial nerve 
lesion; new onset sensory-motor focal deficit; new onset gait/walking disorders. There were no exclusion cri-
teria except non-consent by patients or legal guardians. Participants underwent a systematic and standardized 
workup, including a set of first-line laboratory tests in blood/serum (white blood cell [WBC] count, basic bio-
chemistry), reference and study diagnostic assays and a microscopic examination of cerebrospinal fluid (CSF) 
if not contra-indicated. Advanced diagnostic methods such as neuro-imaging were not available at the study 
site. Several “severe and treatable” infections of the central nervous system (CNS), considered as priority condi-
tions, were searched systematically with reference methods (most of the time later on in reference laboratories in 
Kinshasa, DRC or Antwerp, Belgium). Other diagnoses were made clinically following pre-established case defi-
nitions elaborated with the help of an expert in tropical neurology. A panel of clinicians expert in neurology and 
infectious diseases reviewed all case files in 2016 - when all additional reference test results were available - for  
final diagnostic ascertainment20.

Study procedures.  To assess the diagnostic value of CRP and PCT (index tests) in the patients enrolled in 
the etiological study, we grouped all study subjects within one of five clinically relevant disease categories, based 
on their final diagnosis as ascertained by the review panel: (1) confirmed invasive bacterial infections requiring 
immediate antibiotherapy (bacterial meningitis documented by CSF culture; bacteremia documented by blood 
culture and severe pneumonia confirmed by chest X-ray); (2) confirmed bacterial infections other than those 
defined here above (spinal and CNS tuberculosis, tetanus, neurosyphilis); (3) confirmed non-bacterial infections 
(both uncomplicated and severe malaria, human African trypanosomiasis, HIV-related opportunistic infections); 
(4) non-specified presumptive infections (unspecified meningoencephalitis, respiratory tract infection other than 
radiological pneumonia, undifferentiated febrile illness); and (5) non-communicable diseases (Table 1). This case 
classification was done independently and blinded to the CRP and PCT results.

The index tests, CRP and PCT, were performed on all archived serum samples from the NIDIAG neurological 
study for which adequate volume was available. There were no exclusion criteria for this post-hoc analysis. After 
on-site processing, each serum sample had been divided into two aliquots and stored in liquid nitrogen. The 
samples had been shipped on dry ice to the Institute of Tropical Medicine (ITM), Antwerp, Belgium, between 
May 2013 and June 2015 and were stored in the biobank at −80 °C. Processing of the index tests on the pre-
served samples took place in April-May 2018. The laboratory technicians who performed the index tests were 
blinded to all other test results and to the final diagnosis of the patients. Vitros Chemistry Products CRP Slides 
(Ortho-Clinical Diagnostics, Rochester, NY) on Vitros 5600 Integrated System (Ortho-Clinical Diagnostics) was 
used for CRP determination and BRAHMS PCT-sensitive Kryptor (Thermo Fisher Scientific, BRAHMS GmbH, 
Hennigsdorf, Germany) on BRAHMS Kryptor Compact PLUS (Thermo Fisher Scientific, BRAHMS GmbH) for 

https://doi.org/10.1038/s41598-019-51925-z
http://www.nidiag.org
http://www.nidiag.org


3Scientific Reports |         (2019) 9:15505  | https://doi.org/10.1038/s41598-019-51925-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

PCT determination, according to the instructions of the manufacturer. These assays have a limit of detection of 
5 mg/L for CRP and of 0.075 µg/L for PCT. Reference values are set at <10 mg/L for CRP and <0.1 µg/L for PCT 
by the manufacturers.

In the immunochromatographic assays currently available, the lowest threshold for CRP is 10 mg/L and for 
PCT 0.5 µg/L. For febrile illness, antibiotic treatment is usually not recommended below these cutoffs, although 
some experts suggest for PCT a safer threshold of 0.25 µg/L below which antibiotics could be withheld. There is 
no universally accepted consensus regarding the “high” cutoff values above which antibiotic use is recommended, 
and not all immunochromatographic assays provide higher cutoffs. In older children and adults, a threshold of 
80 to 100 mg/L is usually accepted for CRP and of 0.5 to 2 µg/L for PCT. No guidance exists for biomarker use in 
patients with neurological disorders.

Data analysis and reporting.  For the primary endpoint of diagnostic accuracy, median and interquartile 
range (IQR) of CRP and PCT concentrations were calculated for each diagnosis, and boxplots were generated for 
each disease category. They were compared with the WBC count determined in blood, which had been performed 
on site, but was missing in a subset of cases (n = 73) due to a temporary technical problem. For values of CRP and 
PCT below the limit of detection, the values for calculation were artificially set at 2.5 mg/L and 0.01 µg/L. Receiver 
operating characteristic (ROC) curves were obtained to illustrate the diagnostic ability of each biomarker to dis-
tinguish between confirmed invasive bacterial infections and other diagnoses. Areas under the curve and Youden 
indices were determined for CRP, PCT, and blood WBC count. The Youden index provides the “optimal” cutoff 
value that misclassifies the minimum number of subjects in a study population (corresponding to the point clos-
est to the upper left corner of the ROC graph) if an equal weight is given to false positive and false negative results.

We also explored the diagnostic performances of the biomarkers at cutoff values that are usually reported in 
the literature as helpful to exclude or confirm invasive bacterial infections and/or are reported by diagnostics 
manufacturers. All results of this diagnostic accuracy study are reported according to the 2015 Standards for the 
Reporting of Diagnostic Accuracy Studies21 (STARD, checklist available as supplemental material).

For the secondary endpoints, we explored the potential impact of biomarker results on initial clinical manage-
ment by critically reassessing the etiology and outcome of all “discrepant” cases, i.e. those who were administered 
empirical antibiotics but had normal biomarker concentrations and those clinically classified as non-infectious 
who had high biomarker values. Second, we determined the association of different CRP and PCT concentrations 
with death in bivariate and multivariable analysis; for the latter analysis, the independent clinical predictors of 
death identified in our previous study (neck stiffness; fever reported/documented; cachexia defined as body mass 

C-reactive protein
mg/L, median (IQR)

Procalcitonin
µg/L, median (IQR)

Confirmed invasive bacterial infections (n = 19) 233.9 (148.9–347.5) 10.9 (4.0–28.9)

   Confirmed bacterial meningitis (n = 13) 221.4 (142.5–346.8) 11.34 (5.67–22.52)

   Bacteremia (n = 4) 304.9 (110.7–429.1) 36.91 (2.55–428.35)

   Radiological pneumonia (n = 2) 160.2 (86.5–233.9) 0.52 (0.09–0.95)

Other confirmed bacterial infections (n = 17) 36.4 (18.7–85.1) 0.09 (0.06–1.26)

   Tuberculosis of CNS (n = 4) or spine (n = 9) 55.6 (20.3–147.9) 0.19 (0.07–1.38)

   Others (n = 4)* 22.2 (10.6–31.1) 0.07 (0.05–0.09)

Confirmed non-bacterial infections (n = 25) 15.2 (2.5–48.1) 0.07 (0.05–1.6)

   Severe or uncomplicated malaria (n = 9) 34.0 (2.5–64.2) 0.41 (0.07–6.16)

   HIV and related opportunistic infections (n = 7) 24.9 (13.3–41.2) 0.10 (0.07–0.15)

   Second stage HAT (n = 9) 7.6 (2.5–40.7) 0.06 (0.03–0.07)

Non-specified presumptive infections (n = 48) 16.2 (2.5–57.9) 0.07 (0.04–0.44)

   Unspecified meningoencephalitis (n = 18) 55.8 (22.8–185.6) 0.18 (0.05–0.72)

   Respiratory tract infection (n = 14) 3.8 (2.5–26.4) 0.06 (0.03–0.12)

   Undifferentiated febrile illness (n = 16) 2.5 (2.5–25.3) 0.06 (0.03–0.07)

Non-communicable diseases (n = 204) 2.5 (2.5–6.7) 0.05 (0.03–0.07)

   Epilepsy (n = 55) 2.5 (2.5–2.5) 0.05 (0.03–0.06)

   Anxiety-depression (n = 48) 2.5 (2.5–2.5) 0.05 (0.03–0.06)

   Unspecified myelo-radiculo-neuropathy (n = 35) 2.5 (2.5–9.8) 0.05 (0.03–0.08)

   Cerebrovascular accident (n = 21) 6.8 (2.5–23.2) 0.06 (0.04–0.13)

   Degenerative neurological diseases (n = 17) 5.3 (2.5–7.1) 0.04 (0.03–0.07)

   Metabolic diseases (n = 6) 2.5 (2.5–164.2) 0.06 (0.03–0.23)

   Others (n = 22) 2.5 (2.5–9.1) 0.05 (0.03–0.23

Table 1.  Median and interquartile range of C-reactive protein (n = 313) and procalcitonin (n = 317) results 
per diagnosis and per group of diagnoses in patients admitted for neurological disorders in the rural hospital of 
Mosango, Democratic Republic of Congo. Note: IQR denotes interquartile range; CNS central nervous system; 
HIV human immunodeficiency virus; HAT human African trypanosomiasis. *Other bacterial diagnoses were 
tetanus (n = 3) and neurosyphilis (n = 1).
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index <20; and altered consciousness defined as Glasgow Coma Scale <15)20 were entered in the logistic regres-
sion model together with both CRP and PCT. Of note, we did not enter blood WBC count in the model because 
this information was not available for the complete study population. SPSS statistics 25 and R were used for the 
statistical analyses. P-value of 0.05 was set for significance.

Ethical aspects.  The study protocol and the informed consent forms were approved by the Institutional 
Review Board of the ITM and by the Ethical Committees of the University of Antwerp, Belgium (reference 
11/50/400; 2012), and of the Public Health School of Kinshasa, DRC (reference ESP/CE/016/2012). The study 
was performed in accordance with the standards of the Good Clinical (Laboratory) Practices guidelines and other 
relevant regulations, under supervision of the ITM Clinical Trials and Tropical Laboratory Units. The study was 
registered at clinicaltrials.gov under the identifier NCT01589289. Participants, or their legal guardians for those 
minor of age (<18 years) or whose neurological condition did not allow for adequate decision, were informed at 
recruitment and consented to future use of their stored clinical samples for further diagnostic accuracy research 
on the diagnosis of infectious diseases.

Results
In total, 351 children >5 years and adults admitted for neurological disorders had been enrolled in the etiolog-
ical study. Of 164 patients referred by primary care facilities, 90 (54.9%) mentioned having received antibiotics 
(representing 25.6% of the whole cohort). Invasive bacterial infection was confirmed in 20 of 351 participants 
(pre-test probability: 5.7%).

Determination of CRP concentration could be performed in 313 (89.2%) and of PCT in 317 (90.3%) archived 
serum samples. The concentrations of both biomarkers are shown per diagnosis in Table 1 and per category of 
diagnoses in the boxplots (Fig. 1), together with the results of blood WBC count (which, for technical reasons, 
could only be performed in 278 participants during the prospective etiological study, see Methods). In patients 
with invasive bacterial infection (n = 19 for whom sufficient serum was available), the CRP and PCT concentra-
tions were very high: median CRP 233.9 mg/L; range: 10.2–459.6 mg/L and median PCT 10.9 µg/L; range: 0.03–
787.9 µg/L [results checked]), especially in cases of bacterial meningitis or bacteremia. The group of patients with 
a final diagnosis of non-communicable disease had very low concentrations of CRP and PCT. For the other three 
disease categories (other confirmed bacterial infections, confirmed non-bacterial infections and non-specified 
presumptive infections), median concentrations of biomarkers were intermediate, but largely below those of the 
group of invasive bacterial infection.

Receiver operating characteristic (ROC) curves were generated to visualize the performance of CRP, PCT, and 
blood WBC count for discriminating invasive bacterial infections from all the other diagnoses (Fig. 2). The areas 
under the ROC curve were not statistically different: 94.3% for CRP, 91.7% for PCT, and 90.5% for blood WBC 
count. The Youden indices (cutoff values giving the minimum number of misclassifications in the study) were 
calculated at 34.1 mg/L for CRP, 0.94 µg/L for PCT, and 11,150/µL for blood WBC count.

The CRP concentration was below the threshold of 10 mg/L (normal value for all reference and immuno-
chromatographic assays) in 198/313 study patients (63.3%), and PCT was below 0.1 µg/L in 240/317 participants 
(75.7%). As shown in Table 2, CRP concentration was <10 mg/L in no single case of invasive bacterial infection, 
but PCT values were <0.1, <0.25 and <0.5 µg/L (see rationale for these cutoffs under Methods) in two, three and 
three such cases respectively (0.03, 0.09 and 0.23 µg/L). PCT concentration below 0.5 µg/L (lowest limit of detec-
tion in currently available immunochromatographic assays) did not decrease therefore the post-test probability 
of invasive bacterial infection below 1% (Table 2).

Concentration of CRP >10 ml/L and PCT >0.1 µg/L had moderate positive likelihood ratios (LRs: 3.1 and 4.4 
respectively) for invasive bacterial infection and increased its probability from a pre-test of 5.7% to a post-test 
of above 15% (Table 2). Higher cutoffs of 80 mg/L for CRP and 0.5 µg/L for PCT gave post-test probabilities of at 
least 30%. Both biomarkers performed better than the classic clinical predictors, while their diagnostic value was 
quite similar to that of the blood WBC count.

Based on the clinical assessment by the neurologist investigator at the time of patient admission, empirical 
antibiotic treatment was administered (either initiated or maintained) in 108 of the total cohort of 351 patients 
(30.8%), including ceftriaxone (for suspected invasive bacterial infection), ampicillin/penicillin, erythromycin or 
doxycycline, sometimes in combination with ceftriaxone (for other suspected bacterial infections). It was given 
to 40 of the 198 (20.2%) patients who later turned out to have normal CRP values, and were classified to have 
non-specified presumptive infections (n = 18) or non-communicable diseases (n = 22). Considering these 40 
patients retrospectively, immediate antibiotic treatment was, most likely, not necessary. On the other hand, as 
shown in Fig. 1, high CRP concentrations (>80 mg/L) were observed in a few patients with a final diagnosis of 
non-specified presumptive infections (n = 8) or non-communicable diseases (n = 7). Incidentally, all but two got 
an empirical antibiotic treatment upon initial assessment. Similar proportions were found for normal/low and 
high PCT values (data not shown).

When analyzing the group of neurological patients with complete follow-up data and available biomarker 
results (Supplemental Table 1A), a normal CRP concentration (<10 mg/L) was inversely associated with death 
in bivariate analysis (odds ratio [OR] 0.08 (95% confidence interval [CI] 0.03–0.24; p < 0.001). A normal PCT 
value (<0.1 µg/L) was also inversely associated with fatal outcome, but to a weaker extent (OR 0.21 95%CI 
0.09–0.49; p < 0.001). Similar strengths of association were observed when the PCT cutoffs were set at 0.25 or at 
0.5 µg/L. When both biomarkers were entered in the multivariable analysis with the clinical predictors of death 
that had been previously identified in the etiological study (cachexia, neck stiffness, altered consciousness and 
fever)20, only a normal CRP value remained inversely correlated with death (adjusted OR 0.17 [95%CI 0.04–0.74]; 
p = 0.02), while fever and neck stiffness were not retained anymore (Supplemental Table 1B).
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Discussion
The care of patients presenting with neurological disorders is extremely challenging for first-line health care 
workers in rural areas of Central Africa, and empirical antibiotic treatment is very often administered to cope 
with uncertainty. Our study showed that a normal level of CRP (<10 mg/L) made the diagnosis of invasive bacte-
rial infection very unlikely. This was not true for normal or low PCT value, which would have missed a few such 
cases. On the other hand, high CRP or PCT concentrations (as conventionally defined) had positive likelihood 
ratios (i.e. power to rule-in invasive bacterial infections) superior to that of classic clinical features and similar 
to that of an elevated WBC count in blood. Also, in a sizeable proportion of patients eventually diagnosed with 
non-specified presumptive infections or non-communicable diseases, empirical antibiotics could likely have been 

Figure 1.  (a–c) Boxplots of C-reactive protein (CRP) results (n = 313), procalcitonin (PCT) results (n = 317) 
and white blood cell (WBC) count (n = 278) according to disease category. Note (Fig. 1b): two patients with 
very high procalcitonin levels (>100 microg/L; one in the category of confirmed invasive bacterial infection 
[bacteremia] and one in the category of confirmed non-bacterial infection [cerebral malaria]) are not included 
in graph 1(b) because of the Y axis scale.
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withheld if biomarker results had been available at initial assessment. Finally, a normal CRP value was an inde-
pendent predictor of survival in this setting.

The NIDIAG etiological study had several limitations that have been summarized in previous publications20,22. 
In a subgroup of patients who were most often considered to suffer from non-infectious diseases, there was 
uncertainty about final clinical diagnoses, mainly because of the lack of diagnostic imaging. In addition, no spe-
cific viral screening was performed, except for herpes meningoencephalitis which was not observed. Also, our 
findings were limited to older children and adults and did not apply for children <5 years who have a different 
and better studied spectrum of diseases. For this post-hoc analysis, the number of patients with invasive bacterial 
infection was small. Thus we were not able to investigate the biomarker value for individual diagnoses and to 
robustly compare the diagnostic performance of each index biomarker. Also, since many participants had been 
exposed to antibiotics before referral or at admission, it was impossible to know how the availability of biomarker 
results would have affected the clinical evolution. Additional limitations include the duration of storage of three 
to five years between clinical sampling and laboratory processing of CRP and PCT, which might have affected the 
observed concentrations, although both CRP and PCT have demonstrated long-term storage stability23,24 and, in 
the case of CRP, repeat freeze-thawing25. Also, biomarker concentration was determined only once in the serum 
sampled at initial presentation, so the potential added-value of serial measurements could not be assessed12. 
Moreover reference (normal) values of CRP and PCT have not been specifically studied in the general Congolese 
population, although there is no indication of major differences with Caucasian people. Finally, it would have 
been preferable to prospectively evaluate the biomarker RDTs on whole blood in the study site, since performance 
might be lower than that of reference assays on stored serum, but the purpose of this work was exploratory. 
Moreover, validation of CRP-based RDTs against reference assays has been previously performed in tropical field 
settings, with satisfactory results13.

In patients evaluated for neurological disorders in similar settings, CRP and PCT determination may contrib-
ute to discriminate invasive bacterial infections (mainly bacterial meningitis) from the numerous other infectious 
and non-infectious etiologies. At high concentrations, both biomarkers had a confirming power superior to that 
of clinical features such as fever or altered consciousness, which are notoriously unreliable for identifying these 
most severe conditions26. In this study, elevated blood WBC count alone had a similar discriminative value to 
that of CRP and PCT. However, this has not been consistently observed for other clinical syndromes6. In remote 
settings where laboratory assays are hardly available, RDTs that detect high concentrations of CRP or PCT could 
help decisions to initiate appropriate antibiotics immediately, even before referral to hospitals for additional 
investigations.

On the other hand, and maybe more interestingly, a normal CRP value made a diagnosis of invasive bacterial 
infection very unlikely in our observations and was independently associated with favorable outcome. This means 
that CRP testing could identify neuro-infection suspects in whom antibiotics may be safely deferred. In what-
ever setting where administration of antibacterial therapy is the default approach for challenging neurological 
syndromes, a normal CRP value might help withhold antibiotic prescription in the majority of the cases. This 
impact could be even larger in more peripheral health facilities where the pre-test probability of invasive bacterial 
infection is much lower than in a referral hospital. Even in our study setting with an experienced neurologist, the 
availability of CRP results at initial evaluation would have avoided antibiotic treatment in a sizeable number of 

Figure 2.  Receiver operating characteristic (ROC) curves of C-reactive protein (n = 313), procalcitonin 
(n = 317) and white blood cell count (n = 278) for the diagnosis of invasive bacterial infection. Note (Fig. 2): 
Areas under the curve were 94.3% for C-reactive protein (CRP), 91.7% for procalcitonin (PCT), and 90.5% for 
white blood cell (WBC) count in blood (no statistically significant difference: WBC count versus CRP P = 0.4; 
PCT versus CRP P = 0.6; WBC count versus PCT P = 0.9).
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patients who likely did not need it. Of note, such conclusion cannot be extended to normal or low PCT values, 
since some severe cases would have been “missed”. This could make the field use of PCT assays, usually regarded 
as less sensitive/more specific than CRP, more debatable for the clinical scenario under study (initial assessment 
of neurological disorders with several high-acuity etiologies).

In other (non-invasive) bacterial infections, non-bacterial infections and non-specified infections, median 
concentrations of CRP and PCT values were found, as expected, in the grey zone. No clear-cut recommendations 
regarding antibiotic use could therefore be made. For some of these conditions composing the differential diag-
nosis of neurological disorders, other field assays have however already been widely implemented (e.g. malaria, 
HIV, etc.) or are being evaluated (e.g., for HAT27, syphilis, glycemia, oxygen saturation, etc.) to improve individual 
case management. Decision tools that integrate a sound set and relevant sequence of additional assays should 
further support clinical decision-making when biomarker values are intermediate and therefore less contributive.

Diagnostic performance and clinical usefulness of CRP and PCT (as well as new biomarkers in development5) 
are increasingly explored in many tropical fields but in very different epidemiological and clinical scenarios (pri-
mary care facilities, hospitals, undifferentiated fever, respiratory tract infection,…). There will probably not be a 
one-size-fits-all biomarker cut-off for all syndromes, settings, and populations. Depending on the context, bio-
markers at concentrations with high positive or negative likelihood ratios should be prioritized. Also, biomarkers 
in isolation should not be seen as magic bullets to circumvent the clinical evaluation. However, although imper-
fect, they may become an important element of the diagnostic approach of neurological disorders in tropical 
settings, provided that validated results are integrated into sound clinical algorithms.

In conclusion, introducing point-of-care biomarker results in rural African health facilities has the potential 
to help identify the subsets of patients with neurological disorders at highest risk of severe disease as well as those 
in whom antibiotics could be safely withheld. In this latter group, the use of CRP might be safer option than that 
of PCT, in addition to being much less expensive at present. Prospective studies investigating the impact of such 
biomarkers on clinical care are urgently needed in similar resource-constrained settings and in particular at the 

Sensitivity Specificity

Positive 
likelihood 
ratio

Negative 
likelihood 
ratio

Post-test 
probability if 
present/positive

Post-test 
probability if 
absent/negative

Clinical features

   Fever (reported or documented) 15/20 (75%) 245/331
(74%) 2.9 0.35 14.9 2

   Glasgow Coma Scale <15 16/20 (80%) 276/331 (83.4%) 4.8 0.21 22.5 1.4

   Neck stiffness 6/20
(30%) 234/331 (70.7%) 1.0 0.98 5.8 5.6

White blood cell count in blood

   >10,000/µL 10/12 (83.3%) 233/266
(87.6%) 6.7 0.15 23.2 0.8

   >11,150/µL (YI) 10/12
(83.3%)

240/266
(90.2%) 8.5 0.12 27.8 0.8

C-reactive protein

   >10 mg/L 19/19
(100%) 198/294 (67.3%) 3.1 — 16.5 0

   >20 mg/L 18/19
(94.7%)

221/294
(75.1%) 3.8 0.26 19.8 0.5

   >34 mg/L (YI) 18/19
(94.7%)

243/294
(82.7%) 5.5 0.18 26.1 0.4

   >40 mg/L 16/19
(84.2%)

245/294
(83.3%) 5.0 0.20 24.6 1.2

   >80 mg/L 15/19 (78.9%) 270/294 (91.8%) 9.6 0.10 38.5 1.5

Procalcitonin

   >0.1 µg/L 17/19
(89.4%)

238/298
(79.9%) 4.4 0.22 22.1 0.8

   >0.25 µg/L 16/19
(84.2%)

259/298
(86.9%) 4.8 0.16 29.0 1.1

   >0.5 µg/L 16/19 (84.2%) 267/298 (89.6%) 8.1 0.12 34.8 1.1

   >0.94 µg/L (YI) 16/19
(84.2%)

277/298
(93.0%) 12.0 0.08 43.2 1.1

   >2 µg/L 15/19 (78.9%) 284/298 (95.3%) 16.8 0.06 51.7 1.4

   >5 µg/L 13/19
(68.4%) 289/298 (97.0%) 22.8 0.04 59.1 1.4

   >10 µg/L 10/19
(52.6%)

291/298
(97.7%) 22.9 0.04 59.0 3

Table 2.  Diagnostic performance of selected clinical features and values of white blood cell count and study 
biomarkers (C-reactive protein and procalcitonin) for the diagnosis of confirmed invasive bacterial infection 
in patients admitted for neurological disorders in the rural hospital of Mosango (pre-test probability: 5.7% 
[20/351]). Note: YI denotes Youden index.
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primary care level, where advanced diagnostic technology for neurological disorders will not be available in the 
foreseeable future.
Received: 29 April 2019; Accepted: 4 October 2019;
Published: xx xx xxxx

References
	 1.	 Yansouni, C. P. et al. Rapid diagnostic test for neurological infections in Central Africa. Lancet Infect. Dis. 13, 1–13 (2013).
	 2.	 van de Beek, D., de Gans, J., Tunkel, A. & Wijdicks, E. Community-Acquired Bacterial Meningitis in Adults. N. Engl. J. Med. 354, 

44–53 (2006).
	 3.	 Hopkins, H. et al. Impact of introduction of rapid diagnostic tests for malaria on antibiotic prescribing: analysis of observational and 

randomised studies in public and private healthcare settings. BMJ 356, j1054, https://doi.org/10.1136/bmj.j1054 (2017).
	 4.	 Simon, L., Gauvin, F., Amre, D. K., Saint-Louis, P. & Lacroix, J. Serum procalcitonin and C-reactive protein levels as markers of 

bacterial infection: A systematic review and meta-analysis. Clin. Infect. Dis. 39, 206–217 (2004).
	 5.	 Kapasi, A. J., Dittrich, S., Gonzalez, I. J. & Rodwell, T. C. Host biomarkers for distinguishing bacterial from non-bacterial causes of 

acute febrile illness: A comprehensive review. PLoS One 11, e0160278 (2016).
	 6.	 Van den Bruel, A. et al. Diagnostic value of laboratory tests in identifying serious infections in febrile children: systematic review. 

BMJ 342, d3082 (2011).
	 7.	 Cals, J. W. L., Butler, C. C., Hopstaken, R. M., Hood, K. & Dinant, G.-J. Effect of point of care testing for C reactive protein and 

training in communication skills on antibiotic use in lower respiratory tract infections: cluster randomised trial. BMJ 338, b1374 
(2009).

	 8.	 Schuetz, P. et al. Effect of procalcitonin-guided antibiotic treatment on mortality in acute respiratory infections: a patient level meta-
analysis. Lancet Infect. Dis. 18, 95–107 (2018).

	 9.	 Stocker, M. et al. Procalcitonin-guided decision making for duration of antibiotic therapy in neonates with suspected early-onset 
sepsis: a multicentre, randomised controlled trial (NeoPIns). Lancet 6736, 1–11 (2017).

	10.	 Huang, D. T. et al. Procalcitonin-Guided Use of Antibiotics for Lower Respiratory Tract Infection. N. Engl. J. Med. 379, 236–249 
(2018).

	11.	 Cortegiani, A. et al. Procalcitonin levels in candidemia versus bacteremia: A systematic review. Crit. Care 23, 1–8 (2019).
	12.	 Samsudin, I. & Vasikaran, S. D. Clinical utility and measurement of procalcitonin. Clin. Biochem. Rev. 38, 59–68 (2017).
	13.	 Phommasone, K. et al. Accuracy of commercially available c- reactive protein rapid tests in the context of undifferentiated fevers in 

rural Laos. BMC Infect. Dis. 16, 1–6 (2016).
	14.	 Diez-Padrisa, N. et al. Procalcitonin and C-reactive protein for invasive bacterial pneumonia diagnosis among children in 

Mozambique, a malaria-endemic area. PLoS One 5, e13226 (2010).
	15.	 Erdman, L. K. et al. Biomarkers of host response predict primary end-point radiological pneumonia in Tanzanian children with 

clinical pneumonia: A prospective cohort study. PLoS One 10, e0137592 (2015).
	16.	 Do, N. T. T. et al. Point-of-care C-reactive protein testing to reduce inappropriate use of antibiotics for non-severe acute respiratory 

infections in Vietnamese primary health care: a randomised controlled trial. Lancet Glob. Health 4, e633–e641 (2016).
	17.	 Lubell, Y. et al. Performance of C-reactive protein and procalcitonin to distinguish viral from bacterial and malarial causes of fever 

in Southeast Asia. BMC Infect. Dis. 15, 1–10 (2015).
	18.	 Wangrangsimakul, T. et al. Causes of acute undifferentiated fever and the utility of biomarkers in Chiangrai, northern Thailand. 

PLoS Negl. Trop. Dis. 12, e0006477 (2018).
	19.	 Keitel, K. et al. A novel electronic algorithm using host biomarker point-of-care tests for the management of febrile illnesses in 

Tanzanian children (e-POCT): A randomized, controlled non-inferiority trial. PLoS Med. 14, 1–29 (2017).
	20.	 Mukendi, D. et al. Clinical spectrum, etiology, and outcome of neurological disorders in the rural hospital of Mosango, the 

Democratic Republic of Congo. Am. J. Trop. Med. Hyg. 97 (2017).
	21.	 Bossuyt, P. M. et al. STARD 2015: An updated list of essential items for reporting diagnostic accuracy studies. Clin. Chem. 61, 

1446–1452 (2015).
	22.	 Mukendi, D. et al. Where there is no brain imaging: Safety and diagnostic value of lumbar puncture in patients with neurological 

disorders in a rural hospital of Central Africa. J. Neurol. Sci. 393, 72–79 (2018).
	23.	 Schuetz, P., Christ-Crain, M., Huber, A. R. & Müller, B. Long-term stability of procalcitonin in frozen samples and comparison of 

Kryptor® and VIDAS® automated immunoassays. Clin. Biochem. 43, 341–344 (2010).
	24.	 Doumatey, A., Zhou, J., Adeyemo, A. & Rotimi, C. Hig sensitivity C-reactive protein (Hs-CRP) remains highly stable in long-term 

archived human serum. Clin. Biochem. 47, 315–318 (2014).
	25.	 Macy, E. M., Hayes, T. E. & Tracy, R. P. Variability in the measurement of C-reactive protein in healthy subjects: Implications for 

reference intervals and epidemiological applications. Clin. Chem. 43, 52–58 (1997).
	26.	 Van den Bruel, A., Haj-Hassan, T., Thompson, M., Buntinx, F. & Mant, D. Diagnostic value of clinical features at presentation to 

identify serious infection in children in developed countries: a systematic review. Lancet 375, 834–845 (2010).
	27.	 Boelaert, M. et al. A phase III diagnostic accuracy study of a Rapid Diagnostic Test for diagnosis of second-stage human African 

trypanosomiasis in the Democratic Republic of the Congo. Ebio Medicine, https://doi.org/10.1016/j.ebiom.2017.10.032 (2017).

Acknowledgements
The authors want to thank Jacob Verschueren for his technical support to perform all biomarker analyses. The 
initial NIDIAG neurological study was led by the NIDIAG European research network (Collaborative Project), 
supported by the European Union’s Seventh Framework Programme for research, technological development, and 
demonstration under grant agreement no. 260260. The funders had no role in study design, data collection, and 
analysis, decision to publish, or preparation of the manuscript. The secondary study on biomarkers (performed 
on preserved samples) was funded thanks to a “Pump Priming Project” grant obtained in 2017 from the Institute 
of Tropical Medicine, Antwerp. C.P.Y. holds a “Chercheur-boursier clinicien” career award from the Fonds de 
recherche du Québec – Santé (FRQS).

Author contributions
Designed research: E.B., M.B., F.C., J.J., P.L., C.Y. and A.S.W. Enrolled patients, performed and registered clinical 
diagnosis: D.M., E.B., C.Y. and A.S.W. Performed laboratory experiments: J.R.L.K., B.B., K.R. and M.V.E. 
Analyzed the data: E.B. and K.V. Wrote the paper: E.B., D.M., M.B., J.J., F.C., C.Y., A.S.W. and K.V. Agree with 
manuscript results and conclusions: all authors.

https://doi.org/10.1038/s41598-019-51925-z
https://doi.org/10.1136/bmj.j1054
https://doi.org/10.1016/j.ebiom.2017.10.032


9Scientific Reports |         (2019) 9:15505  | https://doi.org/10.1038/s41598-019-51925-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-51925-z.
Correspondence and requests for materials should be addressed to E.B.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-51925-z
https://doi.org/10.1038/s41598-019-51925-z
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Potential usefulness of C-reactive protein and procalcitonin determination in patients admitted for neurological disorders  ...
	Methods

	Study participants and setting. 
	Study procedures. 
	Data analysis and reporting. 
	Ethical aspects. 

	Results

	Discussion

	Acknowledgements

	Figure 1 (a–c) Boxplots of C-reactive protein (CRP) results (n = 313), procalcitonin (PCT) results (n = 317) and white blood cell (WBC) count (n = 278) according to disease category.
	Figure 2 Receiver operating characteristic (ROC) curves of C-reactive protein (n = 313), procalcitonin (n = 317) and white blood cell count (n = 278) for the diagnosis of invasive bacterial infection.
	Table 1 Median and interquartile range of C-reactive protein (n = 313) and procalcitonin (n = 317) results per diagnosis and per group of diagnoses in patients admitted for neurological disorders in the rural hospital of Mosango, Democratic Republic of Co
	Table 2 Diagnostic performance of selected clinical features and values of white blood cell count and study biomarkers (C-reactive protein and procalcitonin) for the diagnosis of confirmed invasive bacterial infection in patients admitted for neurological




