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PROCALCITONIN MEASUREMENT IN CHILDREN BELOW 5 YEARS WITH MENINGITIS: VARIATIONS AND DIAGNOSTIC ACCURACY

ABSRACT
Introduction:
Differentiating between bacterial and viral meningitis, which is endemic in Senegal, remains difficult due to their clinical similarities. Bacterial culture of cerebrospinal fluid, the gold standard test for diagnosing bacterial meningitis, is time-consuming and lacks sensitivity. Procalcitonin (PCT) is emerging as an important marker specific to bacterial and non-viral infections, offering greater diagnostic accuracy. The overall objective of this study is to evaluate its contribution to the management and triage of children suspected of having meningitis.
Materials and methods:
This is a prospective descriptive study conducted at the Children's Hospital of Diamniadio between April 2023 and January 2024. We included patients aged 0 to 5 years with suspected meningitis. The cytochemical examination of CSF was performed using the standard method. PCT and C-Protein Reactive (CRP) measurements were performed using the Architect i 4000 with chemiluminescence and immunoturbidimetry methods, respectively. 
Results
We collected data from 40 patients under the age group of 5 years. Male subjects accounted for 58% of the total, with a sex ratio of 1.38. The average age was 18.4±15.5 months, with a predominance of patients in the 12-59 month age group (55%). Common symptoms were fever (92.5%), convulsions (65%), and vomiting (40%). Diagnoses mainly included viral meningitis (45%), bacterial meningitis (20%), sepsis (15%) and other types of infections (20%). Mean PCT values were high (13.3 ng/mL) in bacterial meningitis compared to viral meningitis (0.27 ng/mL), with a significant difference (p <0.001). PCT had a sensitivity of 87.5% and a specificity of 88.89% at a threshold value of 0.98 ng/mL. 
Conclusion
Procalcitonin (PCT) has been shown to be effective in differentiating between bacterial and viral meningitis. It could improve the accuracy of diagnosis and reduce the unnecessary use of antibiotics in cases of viral meningitis. However, it must be used as a complement to clinical examination.
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INTRODUCTION
Meningitis is an inflammation of the meninges, which can be subdivided according to its etiology into bacterial, viral, fungal, or aseptic meningitis  (Tracy, 2020).
It remains a common infection, often neurologically devastating and potentially fatal for many children. Due to the endemic nature of Neisseria meningitidis, its disproportionate morbidity in the meningitis belt of sub-Saharan Africa, has a real impact on global morbidity (Skar, 2024). This is despite the widespread introduction of vaccination with conjugate vaccines that target Haemophilus influenzae type B and S pneumoniae (Novac, 2019). Due to clinical heterogeneity and inter-observer variability, all patients with symptoms suggestive of meningitis should undergo a lumbar puncture (LP) and cerebrospinal fluid (CSF) analysis promptly for a definitive diagnosis (Mount, 2017).
Procalcitonin (PCT), which rises early (3 to 6 hours) during bacterial infection compared to other biomarkers, is useful in the early recognition of systemic bacterial infections (Schuetz, 2017). It has been demonstrated that PCT can be used to guide clinical decision-making in children with CSF pleocytosis who have bacterial meningitis (Parri, 2025).
The most important diagnosis to make is that of bacterial meningitis, as its prognosis is poor when it goes unrecognized. Early diagnosis remains crucial for healthcare professionals in order to ensure rapid treatment. It is in this context that we conducted this study to evaluate its contribution to the management and triage of children suspected of having meningitis at the Diamniadio Children's Hospital.
1. METHODOLOGY
1.1 Type – Study setting and period:
This is a prospective descriptive and analytical study that took place in the laboratory of the Diamniadio Children's Hospital between April 2023 and January 2024.
1.2 Study population
1.2.1 Calculation of population size
The population size was calculated using Cochran's method (Tounsi, 2025) n = z² x p ( 1 – p ) / m².
n = sample size
z = 1.96 for a 95% confidence level
p = 0.05 (5 cases per 100,000 inhabitants) according to the Aubry study (Aubry, 2024).
m = 5% margin of error tolerated 
After calculation, a population of 8 people was found.
1.2.2 Inclusion criteria
We included children whose parents gave their consent, whose CSF samples were received by the laboratory, and who were diagnosed with suspected meningitis based on clinical manifestations.
1.2.3 Exclusion criteria
Any patients who did not meet these two criteria were excluded.
1.3 Sampling:
Blood and CSF samples were taken at the patient's bedside. Blood was collected in a dry tube at rest and by venipuncture at the elbow crease after applying a tourniquet. The dry tube was centrifuged at 3000 rpm for 5 minutes. CSF was collected by puncture between the L3 and L5 vertebrae into two sterile tubes before being immediately transported to the laboratory.
1.4 Sample processing
The CSF was processed according to standard bacteriology protocols with macroscopic and microscopic examination using a KOVA cell, cultured on agar media. Protein and glucose levels were measured using the Architect i4000. PCT and CRP levels were also measured using the Architect i4000 with chemiluminescence and immunoturbidimetry methods, respectively.
1.5 Data collection and statistical analysis:
After collecting data from hospital records in Excel, statistical analyses were performed using Jamovi software (Version 1.6.22.0). Categorical data are described by numbers and percentages, while quantitative data are presented, in terms of their statistical distribution, as means and standard deviations or medians and interquartile ranges. Normality (Gaussian distribution) was studied using the Shapiro-Wilk test. Comparisons of means were made using the ANOVA test. The ROC and Delong tests enabled us to determine the sensitivity and specificity of PCT and CRP, as well as to differentiate the areas under the curves.
2. RESULTS
2.1 Population characteristics:
We collected data from 40 patients under the age of 5. The study population was dominated by males, who accounted for 58% of the total, with a sex ratio of 1.38. The average age was 18.4±15.5 months. The majority of patients was in the 12-59 month age group, representing 55%, followed by patients aged 3-12 months (25%). Newborns and children aged 1-3 months each represented 10% of the sample. 
2.2 Clinical signs
The main clinical signs observed were fever in 37 patients (92.5%), convulsions in 26 patients (65%), and vomiting in 16 patients (40%).
     Table 1: Frequency of clinical signs
	CLINICAL SIGNS
	OUI N (%)
	NON (N%)

	Headache
	2 (5)
	36 (90)

	Fever
	37 (92.5)
	3 (7.5)

	Drowsiness
	5 (12.5)
	33 (82.5)

	Stiff neck
	2 (5)
	36 (95)

	Photophobia
	0
	38 (95)

	Convulsion
	26 (65)
	13 (32.5)

	Vomiting
	16 (40)
	23 (59)

	Irritability
	7 (18.4)
	31 (81.6)


                                                                                                                                                                                                                                                                                                                                                           2.3 Distribution of the study population according to discharge diagnosis
Among the diagnoses recorded, viral meningitis accounted for the majority of cases, with 45% of cases, followed by bacterial meningitis at 20%. The remainder consisted of sepsis (15%) and other types of infections (20%) (figure 1).                                                                                                                                                                                                                                                                                                                                                                                              

Figure 1: Distribution of discharge diagnoses
2.3 Evaluation of CSF cytochemistry and CRP and PCT assays
In CSF, the analyses showed a mean leukocyte count of 135 elts/mm3 with high variability (standard deviation ± 428 elts/mm3). A lymphocyte predominance with an average of 41.8% ± 38.5% was observed. The average glucose level was 0.60 g/L, while the average protein level  was 0.62 g/L (table 2). 
The results of the biological parameters showed high averages for serum CRP at 62 ± 71.8 mg/L and serum PCT at 3.74 ± 7.73 ng/mL (table 2).

Table 2: Evaluation of biological parameters
	
	N(%)
	NUMBER
	mean ± SD  
	 MIN-MAX

	                                             CSF Parameters 
	

	WBC (elt/mm3)
	40 (100)
	
	135 ± 428
	 1-2070

	

RBC
	11 (27.5)
	+
	N/A
	N/A

	
	2 (5)
	++
	N/A
	N/A

	
	3 (7.5)
	+++
	N/A
	N/A

	
	24 (60)
	0
	N/A
	N/A

	ANPC (%)
	26 (65)
	
	20.9 ± 26 
	 0-90

	NANPC  (%)
	26 (65)
	
	38.1 ± 37.5
	 0-90

	LYMPHOCYTES  (%)
	26 (65)
	
	41.8 ± 38.5 
	 2-95


	Glucose level (g /l)

	40 (100)
	
	0.60 ±0.46 
	 0.1-3.20

	Protein level (g/l)
	39 (97.5)
	
	0.62 ± 0.61
	 0.08-2.55

	Serum parameters

	CRP (mg/l)
	40 (100)
	
	62 ± 71.8
	0-192


	PCT (ng/ml)
	40 (100)
	
	3.74 ± 7.73
	0.1-30.5


CSF = cerebrospinal fluid
SD = STANDARD DEVIATION
Min =  minimum
Max = Maximum
WBC = WHITE BLOOD CELLS  
RBC = RED BLOOD CELLS
ANPC = altered neutrophil polynuclear cells
NANPC =  non altered neutrophil polynuclear cells
2.4 Variation in PCT, CRP, and cytochemistry compared to discharge diagnosis
We observed high mean values for CRP (114 mg/L) and PCT (13.3 ng/mL) in cases of bacterial meningitis, whereas in viral meningitis, PCT generally remained low (0.27 ng/mL) although CRP (31.7 mg/L) was high. In both situations, the p-value was significant, with p <0.001 for PCT p = 0.049 for CRP and CSF proteins  p = 0.003 (table 3).



Table 3: Variation in PCT, CRP, and cytochemistry compared to discharge diagnosis
	
	
	Serum CRP level (mg/l) mean ± SD  (min-max)
	Serum PCT level (ng/ml) mean ± SD  (min-max)
	CSF glucose level (g/l) mean ± SD  (min-max)
	CSF Proteins level (g/l) mean ± SD (min-max)

	[bookmark: _Hlk212871303]

	Bacterial meningitis
	114 ± 88.6         (48-192)
	13.3 ± 13.3   (0.9-30.5)
	0.17 ± 0.09 (0.1-0.38)
	1.09 ± 0.90 (0.72-2.55)

	
	Viral meningitis
	31.7 ± 49.7        (12-192)
	0.27 ± 0.28   (0.1-0.38)
	0.55 ± 0.22 (0.30 -1.04)
	0.69 ± 0.61 (0.60-2.25)

	
	Sepsis
	104 ± 70.7          (48-192)
	1.77 ± 1.05 (0.17-3.07)
	0.58 ± 0.13 (0.39-0.78)
	0.27 ± 0.30   (0.12-0.60)

	
	Other types of infections
	46.1 ± 63.2           (0-192)
	3.47± 3.97  (0.2-11.2)
	0.64 ± 0.11 (0.5-0.81)
	0.19 ± 0.12  (0.08-0.48)

	
	p-value
	0.049
	<0.001
	0.288
	0.003


2.5 [bookmark: _Hlk181788944]Predictive performance of serum inflammatory markers in the diagnosis of bacterial meningitis
	Markers	
	AUC
	Threshold value    
	Sensitivity    
	Specificity
	PPV
	NPV

	CRP (mg/L)
	0.74 
	48
	75% 
	78% 
	60%
	87.5%

	 PCT (ng/ml)
	0.93 
	0.98
	87.5% 
	88.89%
	77.78%
	94.12%


[bookmark: _Hlk181786197]Table 4 : Diagnostic performance of serum PCT and CRP in bacterial meningitis
CRP has moderate diagnostic capability (AUC = 0.74) with a sensitivity of 75% and specificity of 78% (figure 2), indicating good exclusion of non-suspected cases (NPV = 87.5%) (Table 4).  PCT shows excellent performance with an AUC = 0.93, sensitivity of 87.5%, specificity of 88.89% (figure 2), and high reliability for excluding cases (NPV = 94.12%) (table 4).
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Figure 2 : ROC curve for PCT and CRP
3. DISCUSSION
Positive CSF culture is the gold standard for diagnosing meningitis, but its sensitivity is low. Clinical presentation, cytochemistry, and response to treatment are increasingly being emphasized for guiding and confirming diagnosis in our setting. Given the limitations of our diagnostic platforms for detecting germs with PCR or detecting antigens with serological tests, the use of a specific blood marker is important for accurate and rapid diagnosis of bacterial meningitis. 
With the decrease in suspected cases of meningitis following the introduction of vaccination, we were able to include 40 children under the age of 5 in our study. Clinically, a high frequency of fever (92.5%) reflecting a systemic inflammatory response was often observed in meningeal infections. Convulsions (65%), indicating meningeal irritation or encephalitis, and vomiting (40%) (Table 1). 
Our results are similar to those of MC et al in 2019 (Barry, 2019), who found fever in 100% of cases, convulsions in 78.5% and vomiting in 56.3%, as well as Doumbia et al in 2020 (Doumbia, 2020) (fever 81%, convulsions 69%, and vomiting 44%). 
This diversity highlights the complexity of differential diagnosis based on clinical presentation alone. The similarities in symptoms between bacterial meningitis, viral meningitis, sepsis, and other generalized infections require a comprehensive diagnostic approach (Esposito, 2018). Similar studies have also shown that suspected cases of meningitis can lead to a variety of other final diagnoses. A study conducted in the United Kingdom and Ireland in 2022 (Ellis, 2022) revealed that, among patients suspected of having bacterial meningitis, only 21% had a confirmed diagnosis, which is similar to our result (Figure 1). 42% had viral meningitis, and a significant proportion (37%) had no identifiable pathogen. In another study conducted in Kenya, out of 12,986 pediatric admissions, 98 cases of meningitis were identified (0.8%). Several children initially suspected of having meningitis were ultimately diagnosed with respiratory infections, septicemia, and other non-infectious conditions (Obiero, 2021).
Regarding the cytological and cytochemical evaluation of CSF, our results show a lymphocytic predominance with an average leukocyte count of 135 mm3. In addition, we found that the majority of patients had normal glycorachia (0.60 g/L) and slightly elevated proteinorachia, at 0.62 g/L (Table 2). This cell distribution may be indicative of a predominance of viral meningitis. According to Mary (Mary, 2024), if there is a predominance of lymphocytes in association with hypoglycorrhachia (glycorrhachia/glycemia <0.5 g/L), tuberculosis, listeriosis, and cryptococcosis may be considered depending on the clinical context and the appearance of the CSF. If glycorachia is normal, a viral etiology should be considered.
However, variations in PCT, CRP, and cytochemistry are more closely related to the discharge diagnosis. In fact, they made it possible to differentiate between bacterial meningitis and viral meningitis. CRP levels are much higher in bacterial meningitis (114 ± 88.6 mg/L) than in viral meningitis (31.7 ± 49.7 mg/L) (Table 3), due to a more intense inflammatory response during bacterial infection. Similarly, procalcitonin is significantly higher in bacterial meningitis (13.3 ± 13.3 ng/mL) because it is produced in response to bacterial toxins, whereas its levels remain low in viral meningitis (0.27 ± 0.28 ng/mL) (Table 3). In both situations, the p-value was significant, with p <0.001 for PCT and p = 0.049 for CRP. 
Our results are similar to those of Ferrière (Ferrière, 2020), where the mean PCT was 61 ng/mL for bacterial meningitis and 0.25 ng/mL for viral meningitis.
[bookmark: _GoBack]The PCT shows superior performance with an AUC of 0.93, indicating excellent discriminatory power. The PCT shows superior performance with an AUC of 0.93, indicating excellent discriminatory power. The PPV of 77.78% and NPV of 94.12% show that PCT is more reliable than CRP (PPV=60% and NPV=87.5%) for both confirming and ruling out the diagnosis (Table 4). Our results are comparable to those obtained by (Viallon, 2000), with a PPV of 100% and an NPV of 100%, confirming the good performance of PCT for the differential diagnosis of meningitis, unlike CRP. These similarities reinforce the idea that PCT is a more effective inflammatory marker than CRP for the diagnosis of bacterial meningitis (figure 2) .
In cerebrospinal fluid at a threshold of 0.2 ng/mL, PCT proved beneficial in distinguishing neonatal meningitis from sepsis, with a sensitivity of 95.2% and a specificity of 96% (Rajial, 2022). 
However, there are considerable differences in the use of PCT between hospitals and between patient populations in different studies, which make its interpretation and the implementation of new recommendations difficult (Borensztajn, 2025).
CONCLUSION :
Procalcitonin is a promising biomarker for the diagnosis of bacterial meningitis, providing a more accurate distinction between bacterial and viral meningitis, which is important for the choice of appropriate treatment. Its use can thus reduce unnecessary and premature antibiotic use and promote faster and more effective patient care. However, it is essential to consider this marker alongside other analyses in addition to clinical assessment for a comprehensive diagnostic approach.
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