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Abstract: Acute community-acquired bacterial meningitis (BM) requires rapid diagnosis so 

that suitable treatment can be instituted within 60 minutes of admitting the patient. The corner-

stone of diagnostic examination is lumbar puncture, which enables microbiological analysis 

and determination of the cerebrospinal fluid (CSF) cytochemical characteristics. However, 

microbiological testing is not sufficiently sensitive to rule out this diagnosis. With regard to the 

analysis of standard CSF cytochemical characteristics (polymorphonuclear count, CSF glu-

cose and protein concentration, and CSF:serum glucose), this is often misleading. Indeed, the 

relatively imprecise nature of the cutoff values for these BM diagnosis markers can make their 

interpretation difficult. However, there are two markers that appear to be more efficient than the 

standard ones: CSF lactate and serum procalcitonin levels. Scores and predictive models are 

also available; however, they only define a clinical probability, and in addition, their use calls 

for prior validation on the population in which they are used. In this article, we review current 

methods of BM diagnosis.
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Introduction
With an incidence of ∼1–2/100,000 inhabitants in developed countries and an esti-

mated mortality of 10%–20%,1,2 bacterial meningitis (BM) requires urgent diagnosis 

so that treatment can be initiated as early as possible. This diagnosis, postulated on 

the basis of clinical presentation, hinges on cerebrospinal fluid (CSF) analysis. In 

some cases, where there is purulent CSF, the associated clinical presentation may 

be sufficient grounds for initiating treatment, but most of the times the results of the 

CSF parameters are required. This diagnostic challenge is compounded by the fact 

that BM must be differentiated from viral meningitis (VM). These two entities can 

assume similar characteristics.

Of necessity, an emergency diagnosis can only be based on parameters that can be 

determined routinely, within a short period of time and by a reproducible method.

Clinical parameters
The clinical presentation varies according to several factors: age, duration of evolu-

tion of symptoms at the time of clinical examination, presence of underlying diseases, 

and microorganism involved.3 The classic triad of fever/neck stiffness/altered mental 

status or headache, although partially or fully present in 50%–95% of cases (with at 

least two signs), has only 40%–50% sensitivity in BM diagnosis. Attia et al analyzed 
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the sensitivity of these symptoms for BM diagnosis after 

selecting ten studies out of 139 combining 845 meningitis 

episodes (including 66 cases of aseptic meningitis [AM] 

and seven tuberculous meningitis).4 The sensitivity of this 

triad for BM diagnosis was only 46% (95% CI 22–69). In 

a prospective study conducted between 1998 and 2002, out 

of 696 BM episodes, this sensitivity was only 44%.2 Other 

studies produced similar results.5–7 Other indications, such 

as signs of intracranial hypertension, neurologic deficit 

syndrome, and skin rash, are less common and less useful 

for diagnosing BM.2,4–6 In the elderly population, confusion 

may be at the forefront.7,8 Considering more specifically 

the clinical presentation in children, several findings can be 

ascertained.9–11 In new-born babies, bulging fontanelle and 

seizure were found in 30%–40% of cases of BM, whereas 

in children aged 2–4, fever and stiff neck featured among 

70%–74% of cases.

As soon as there is a clinical suspicion of meningitis, 

lumbar puncture is imperative. Its most serious complica-

tion (brain herniation) arises in ,5% of cases.6 Meningitis 

itself, or one of its complications (brain abscess, obstructive 

hydrocephalus, etc), can predipose to this event. To limit 

this risk, a brain scan may be performed before the lumbar 

puncture in a population of identified patients (neurologic 

deficit, seizure, immunocompromised, history of brain injury, 

Glasgow score ,11, and known mass lesion).6,12 However, 

the imaging procedure should not delay antibiotic therapy. 

In fact, it is highly probable that deferring the administration 

of antibiotherapy increases mortality.13,14 This was confirmed 

by a recent retrospective study, which showed that mortality 

increased by 13% for every hour without antibiotics.15 Fur-

thermore, Swedish guidelines no longer advocate performing 

a prelumbar puncture CT scan in patients with altered mental 

status, but the issue remains controversial.16–18 In children, 

there are no specific studies pertaining to the incidence of 

herniation following lumbar puncture, which remains scarce 

in children.19 Moreover, a normal cerebral computerized 

tomography cannot rule out brain herniation due to rapid 

peak variation in the increase in intracranial pressure.

The objective of this study was to clearly administer 

antibiotherapy within 30–60 minutes of the patient being 

admitted. Other indirect arguments call for the rapidity of 

administration of the antibiotic therapy and relate to the dura-

tion of sterilization of the CSF after starting the antibiotic 

therapy. On the one hand, we are aware that prior antibiotic 

therapy per os is responsible for an increased number of 

patients with BM and CSF examination showing no bacteria. 

On the other hand, Kanegaye et al have demonstrated (in 

children) that sterilization could be obtained with parenteral 

antibiotic therapy adapted to the bacteria in 2 hours (nine 

cases of Neisseria meningitidis).20 In the case of meningitis 

with Streptococcus pneumoniae, this is obtained within 

4–9 hours in 100% of patients.

Bacteriological and cytological 
parameters of CSF
The first stage in CSF interpretation is its macroscopic 

appearance. In fact, a fluid of purulent appearance is suffi-

cient grounds for initiating empirical antibiotherapy before 

the fluid results are available.

The only bacteriological parameter compatible with 

deferring the institution of treatment is direct examination of 

the CSF (Gram’s stain) and the detection of bacterial antigens 

by latex agglutination. However, direct examination may not 

be informative in 20%–40% of cases.2,21 This depends on the 

bacterial inoculum of the CSF and the type of bacterium. 

Direct examination is all the more informative in the presence 

of S. pneumoniae or Haemophilus influenzae than Listeria 

monocytogenes or gram negative bacilli. The incidence of 

this bacterium is obviously age related.

With regard to bacterial antigen screening, its result does 

not seem to affect the decision to institute antibiotherapy 

where BM is suspected.22 Rapid detection of the bacterial 

genome by multiplex polymerase chain reaction testing can 

be performed in ,2 hours and can detect the main pathogens 

encountered in this situation. This form of testing has good 

sensitivity and specificity, in the region of 90%–100%, but it 

remains underused as a routine method, and its contribution 

to the emergency diagnosis of BM should be clarified. As 

for blood cultures, these should be performed systematically; 

however, it takes 12–24 hours to obtain the first results.

With regard to the cytological parameters, high pleo-

cytosis (.100 cells/mm3) associated with predominant 

polynuclear neutrophils (.80%) is a standard finding. 

However, these parameters are often misleading, with an 

absence of pleocytosis (10% of cases) or predominant 

polynuclears. This is seen in the van de Beek et al set, where 

out of 645 patients with BM, 47 (7%) patients did not have 

pleocytosis.2 In the Durand set, which included 296 patients 

with BM, 10% did not have pleocytosis, and 20% did not 

have predominant polynuclears.5 Furthermore, these two 

parameters have low discriminatory power between BM and 

VM. This is shown in the study by Spanos et al, where 205 

episodes of VM were compared to 217 episodes of BM, and 

CSF with predominant polynuclears was identified in only 

40%.23 The polynuclear discrimination threshold between 
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VM and BM was 1,180, but with a major overlap between 

the two groups in the median number (interquartile [IQ]) 

of leukocytes/mm3 in CSF (VM 100 IQ [37–250] and BM 

1,195 [330–4,400]). Finally, in different published series of 

strictly pediatric populations, no pleyocytosis was found in 

∼15% of patients with BM.24,25

Standard clinical parameters of CSF
Protein CSF concentration
CSF protein concentration increases in BM, with average 

levels between 1 g/L and 5 g/L.2,5,12,26–30 The sensitivity (Se) 

and specificity (Sp) of this marker (Table 1) for the diagnosis 

of BM were examined for thresholds ranging from 0.5 g/L to 

2 g/L. The Se values varied from 60% to 86% and from 60% 

to 100% for the Sp. In the study by Viallon et al, which used 

receiver operating characteristics (ROC) curves to compare 

the discriminatory power of the various biochemical para-

meters of CSF, CSF protein concentration was one of the least  

relevant markers.29 In this prospective study, 32 patients had 

BM, 90 had VM, and 57 patients were in the control group. 

At the 1.88 g/L threshold, Se and Sp for BM diagnosis were 

84% and 91%, respectively.

Finally, in the various sets, 1%–10% of patients with BM 

had normal CSF protein concentration, while for ∼5%–25% 

of patients with VM, this level was .1 g/L.

CSF glucose and CSF:serum glucose
The normal glucose level in CSF varies from 2.6 mmol/L 

to 4.2 mmol/L and for glycemia between 3.9 mmol/L and 

6.7 mmol/L, that is, a CSF:serum glucose ratio in the region 

of 0.6. When BM is present, the CSF glucose level falls 

,2.5 mmol/L with a CSF:serum ratio of ,0.4. Average levels 

described in BM sets in the literature for these two parameters 

are in the region of 1–2 mmol/L for CSF glucose and  

0.2–0.4 mmol/L for its CSF:serum ratio (Table 2).2,5,21,26–31

However, the CSF glucose level performance remains 

inadequate for diagnosing BM. For example, in the study 

by Durand et al, only 50% of patients had a CSF glucose 

level of ,2.2 mmol/L.5 Furthermore, other BM sets have 

demonstrated the normality of this parameter in 25%–40% 

of patients.23,30 With a threshold of ,0.4, the CSF:serum glu-

cose ratio appears to be more discriminatory for diagnosing 

BM than CSF glucose.28–30,33–35 This superiority was clearly 

demonstrated in the study by Viallon et al by comparing the 

ROC curves of these two parameters.29 Data published relat-

ing to children have shown similar results.31,32

For this marker, it is preferable to select, as an indicator 

of BM, a threshold of ,0.4 for the CSF:serum glucose ratio 

rather than CSF glucose. Where there is associated hyper-

glycemia, it is preferable to select the absolute value of CSF 

glucose with a threshold of ,2.2 mmol/L.

CSF lactate
One of the first publications on the use of lactates as a BM 

marker seems to date from 1933.36 The normal level of lac-

tates in the blood and in CSF is ,2 mmol/L, and CSF lactate 

concentrations are not influenced by those of serum.35,37 

Furthermore, this assay takes only a few minutes and is 

inexpensive.

Two meta-analyses, published in 2010 and 2011, high-

lighted the usefulness of CSF lactate in the diagnosis of BM 

in adults and children.38,39 These two studies determined the 

diagnostic power of CSF lactate and serum in BM and their 

discriminatory power between BM and VM. The Huy et al 

meta-analysis combined 25 studies involving 1,692 patients 

(783 with BM and 909 with VM), while the Sakushima 

Table 1 Cerebrospinal fluid protein concentration values for differentiating bacterial and viral or aseptic meningitis

References Study methods Years Comparison Number Cutoff  
value

Determination  
of cutoff

Se  
(%)

Sp  
(%)

Donald and Malan26 Prospective, P/A – BM/AM/C 95/73/273 $1 g/L empirical 81.5 98.4
white et al33 Retrospective 13 years BM/vM 

BM/C
23/45 
23/2,207

$0.6 g/L 
$0.6 g/L

empirical 
empirical

95.5 
95.5

55.6 
83.6

Spanos et al23 Retrospective, P/A 1989–1980 BM/vM 217/205 $2.2 g/L Somers’ D rank  
correlation

– –

Genton and Berger27 Retrospective, A 1977–1983 BM/vM 21/25 $2 g/L empirical 86.0 100.0
Lindquist et al28 Prospective, P/A 1982–1985 BM/vM/CNS 79/218/37 $1 g/L 

$1.5 g/L
empirical 
empirical

69
55

90
98

viallon et al29 Prospective, A 1997–1999 BM/vM/C 32/90/57 $1.88 g/L Youden’s index 84.0 91.0
viallon et al21 Prospective, A 1997–2009 BMN/vM 35/218 $1.88 g/L Youden’s index 89.0 93.0
Tamune and Takeya34 Retrospective, A 2007–2012 BM/AM 15/129 $1 g/L Youden’s index 86.7 76.9

Abbreviations: A, adults; AM, aseptic meningitis; BM, bacterial meningitis; BMN, BM with no bacteria on Gram’s stain; C, control; CNS, other central nervous infection 
than BM; E, encephalitis; P, pediatrics; Se, sensitivity; Sp, specificity; VM, viral meningitis; – , unknown.
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et al meta-analysis comprised 33 studies with a combined 

total of 1,985 patients (934 BM and 951 VM). These two 

meta-analyses had 22 studies in common. The results of 

these two meta-analyses were consistent. They demonstrated  

the superiority of CSF lactate vs classic parameters (CSF 

leukocytes/count, CSF glucose, and protein concentration) 

for BM diagnosis with 96% (95% CI 95–98) and 93% (95% 

IC 89–96) sensitivity and 94% (95% CI 93–96) and 96% 

(95% IC 93–98) specificity. The CSF lactate discriminatory 

threshold was between 3.7 mmol/L and 4 mmol/L, at the 

threshold of 3.9 mmol/L (determined by Youden’s index).

Two other studies published after 2009 yielded similar 

findings. For Viallon et al, who studied the discriminatory 

power of CSF lactate in a set of 35 patients with BM and 218 

with VM, this parameter performed better than the classic 

parameters.21 Giulieri et al obtained similar results by com-

paring a group of 18 patients with BM and 27 with VM.40 In 

both studies, the decision-making thresholds of the different 

parameters were calculated at the maximum Youden’s index. 

For BM diagnosis, this threshold was 3.8 mmol/L (area under 

the curve 96% [95% CI 0.95–1], Se 94%, and Sp 97%) for 

Viallon et al, it was 3.5 mmol/L (area under the curve 100% 

[95% CI 1–1], Se 100%, and Sp 100%) for Giulieri et al in 

each of the VM groups in both of these studies; the highest 

CSF lactate values in the VM group for these two studies 

were 3.7 mmol/L and 2.9 mmol/L.21,40 These data confirm the 

usefulness of CSF lactate for BM diagnosis, with a decision-

making threshold of .3.8 mmol/L. It should be noted that the 

CSF:serum lactate ratio was only of marginal usefulness.

Serum parameters
Serum C-reactive protein
In the early phase of inflammation, serum levels of this pro-

tein increase at around the sixth hour after the inflammatory 

reaction trigger, reaching their peak concentration at around 

the 48th hour.

In BM, serum C-reactive protein (CRP) levels were 

described as significantly higher in patients with VM. How-

ever, the methods of selecting the decision-making threshold 

for discriminating between BM and VM cases were diverse, 

indicating a certain heterogeneity in the literature results.

We shall refer to two studies that set an arbitrary threshold, 

and two that set a threshold using the ROC curve method.

Hansson et al compared two groups of patients, 60 with 

BM and 146 with VM.41 An arbitrary threshold of 50 mg/L 

was selected, yielding Se of 88% and Sp of 90% for BM 

diagnosis. In a similar study (BM =19 and VM =30), at the 

50 mg/L threshold, the Se and Sp of this marker for BM 

diagnosis were 94% and 70%, respectively.42

Three other studies selected their decision-making 

threshold on the basis of achieving the best Se/Sp duo.29,43,44 

At the 40 mg/L threshold, out of 30 BM and 30 VM cases, 

Paradowski et al identified an Se of 83% and an Sp of 100%. 

In the study by Viallon et al, this threshold was identical, 

with an Se of 84% and Sp of 90% for BM diagnosis.29 For 

Morales Casado et al, with a level of $90 mg/L, CRP has 

an Se of 67.5% and an Sp of 86.3% for BM diagnosis (BM 

=38 and VM =33).44

In 1998, Guerdes et al published a meta-analysis that 

sought to evaluate the diagnostic usefulness of CRP in 

BM.45 Out of 35 selected studies, 14 concerned with serum 

CRP. The authors emphasized the heterogeneity of popula-

tions, methods, CRP assay, and choice of decision-making 

threshold for this BM diagnosis marker (between 19 mg/L 

and 100 mg/L). Despite the results published by the authors, 

this study did not clarify the contribution of serum CRP to 

BM diagnosis. This absence of precision was highlighted in 

the article by Brouwer et al.17

Serum procalcitonin
Procalcitonin (PCT) is a prohormone that is undetectable in 

healthy subjects but rises rapidly (3–6 hours) after exposure 

Table 2 CSF glucose concentration and CSF serum glucose ratio values for differentiating bacterial and viral or aseptic meningitis

References CSF/ glucose concentration (mmol/L) CSF/serum glucose ratio

Cutoff value Method of 
determination

Se (%) Sp (%) Cutoff  
value

Method of  
determination

Se (%) Sp (%)

Donald and Malan26 ,2.2 mmol/L empirical 76.3 99 – – – –
Spanos et al23 ,1.9 mmol/L Somers’ D rank  

correlation
– – 0.23 – – –

Genton and Berger27 – – – – 0.4 empirical 91 96
Lindquist et al28 ,2.2 empirical 53 98 ,0.5 

,0.4
empirical 
empirical

81 
70

84 
96

viallon et al29 #2.5 Youden’s index 99 56 #0.43 Youden’s index 93 69
viallon et al21 #2.2 Youden’s index 97 49 0.48 Youden’s index 84 89
Tamune and Takeya34 #2.2 Youden’s index 80 92.3 0.36 Youden’s index 92.9 92.9

Abbreviations: CSF, cerebrospinal fluid; Se, sensitivity; Sp, specificity; – , unknown.
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to a proinflammatory substance of bacterial origin, to reach a 

peak at around the eighth hour, subsequently maintaining a pla-

teau phase for the next 24 hours.46 The more severe the infec-

tion, the higher the peak. Its detection limit is ,0.1 ng/mL,  

and it is considered to be associated with a bacterial infec-

tion when the level rises .0.5 ng/mL. It was described as 

associated with bacterial infections in children in 1993, then 

with BM in children and adults.47–50

More studies described the PCT values (Table 3). In 

1997, Gendrel et al published a series of 59 patients aged 

from 3 months to 13 years presenting meningitis, 18 of which 

(30%) had BM and 41 VM.48 Of the parameters studied (CSF 

cells, CSF protein, and CRP level), only the PCT was able 

to differentiate BM and VM in 100% of the cases. This dif-

ferentiation was achieved at the threshold of 1.8 ng/mL. In 

2008, Dubos et al published a similar study on 180 patients 

aged from 29 days to 18 years, 96 of which (48%) had BM 

and AM in 102 patients.32 At the threshold of 0.5 ng/mL, the 

PCT was able to differentiate BM from AM in 100% of the 

cases with sensitivity of 99% (95% CI 97–100) and specificity 

of 83% (95% CI 76–90).

The first study in adults with BM examined the dis-

criminatory power of serum PCT in 23 patients with BM 

and 57 with VM.49 It was possible to discriminate between 

BM and VM in 100% of cases with a level ,0.22 ng/mL, 

while all VM cases had a level ,0.15 ng/mL. However, 

the choice of threshold was arbitrary, and two patients 

had PCT levels of ,0.5 ng/mL. These two patients had a 

negative direct examination, as well as negative bacterial 

cultures, and had received antibiotherapy prior to admis-

sion. In 2000, the same team published a set of 32 patients 

with BM (84% of cases confirmed by bacterial testing of 

CSF) and 90 with VM.29 None had received prior anti-

biotherapy .24 hours prior to admission to accident and 

emergency department, and none of them had any other 

sources of infection associated with BM. At the 0.93 ng/

mL threshold, serum PCT discriminated BM from VM in 

100% of cases. The comparison of ROC curves identified 

the following two best markers for BM diagnosis: serum 

PCT and CSF lactates.

Other studies on this subject have since been pub-

lished (Table 3).51–58 Clearly, the diagnostic precision of 

serum PCT for identifying BM depends on the population 

selected and the method of selecting the marker thresh-

old. In these varied studies, this precision is impaired in 

the case of atypical germ-induced meningitis (Borrelia 

burgdorferi and Mycobacterium tuberculosis), nosocomial 

meningitis, or prior antibiotherapy. Furthermore, some 

cases of typical community-acquired BM with serum 

levels of PCT ,0.5 ng/mL have been described. With a 

serum level of between 0.5 ng/mL and 1 ng/mL, serum 

PCT remains one of the most discriminatory parameters 

between BM and VM. A recent meta-analysis involving 

a total of nine studies and 725 patients (192 BM and 533 

VM) confirms this strong discriminatory power of PCT, 

with sensitivity of 90% (95% CI 84–94) and specificity 

of 98% (95% CI 97–99).59 However, there have been 

no studies with sufficient impact on the prescription of 

emergency anti biotherapy based on the serum PCT level 

during BM.

Finally, it should be pointed out that PCT (B⋅R⋅A⋅H⋅M⋅S⋅ 
KRYPTOR system) costs ∼€21, whereas CRP costs ∼€3.

Table 3 Serum procalcitonin concentration (ng/mL) values for diagnosis of bacterial meningitis

References Study methods Comparison Number of  
patients

Cutoff value  
(ng/mL)

Determination  
of cutoff

Se (%) Sp (%)

Gendrel et al,48 1997 Prospective, A/P BM/vM 18/41 .5 empirical 94 100
viallon et al,49 1999 Prospective, A BM/vM/C 23/57/25 $0.2 empirical 100 100
Schwarz et al,50 2000 Prospective, A BM/vM+e 16/14 .0.5 empirical 69 100
viallon et al,29 2000 Prospective, A BM/vM 32/90 $0.93 Youden’s index 100 100
Hoffmann et al,51 2001 Prospective, A BMO 12 Range 0.13–.100 – – –
Jereb et al,52 2001 Prospective, A BM/e 20/25 $0.5 empirical 90 100
Ray et al,53 2007 Prospective, A BM/vM 18/133 $2.13 Youden’s index 87 100
Onal et al,54 2008 Prospective, P BM/vM 16/14 $0.5 empirical 93.7 100
Dubos et al,32 2008 Prospective, P BM/AM 96/102 $0.5 empirical 99 83
Makoo et al,55 2010 Prospective, A BM/AM 19/31 $0.5 empirical 100 87.9
viallon et al,21 2011 Prospective, A BM/vM 35/218 $0.28 Youden’s index 97 100
Abdelkader et al,56 2014 Prospective, A BM/AM 16/24 $1.2 Youden’s index 68.8 83.3
Konstantinidis et al,57 2015 Prospective, A/P BM/AM 19/11 .0.5 empirical 100 96.4
Shen et al,58 2015 Prospective, A BM/AM 45/75 $0.88 Youden’s index 87 100

Abbreviations: A, adults; AM, aseptic meningitis; BM, bacterial meningitis; BMO, other site infection associated to BM; C, control; CNS, central nervous infection other 
than BM; E, encephalitis; P, pediatrics; Se, sensitivity; Sp, specificity; VM, viral meningitis; – , unknown.
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values of these parameters in the 
presence of a non contributory direct 
examination of the CSF
These parameters take on their full importance in this situa-

tion: generally, the CSF is clear or slightly cloudy with no 

bacterial yield on Gram’s stain, which is sometimes associa-

ted with prior antibiotic treatment.

Few studies have focused specifically on this group of 

patients.21,23,53 Spanos et al compared the data of 134 BM 

patients with a useful direct examination of CSF (BM+) with 

55 patients for whom direct examination of CSF did not yield 

any information (BM−).23 The median values (IQ range) of 

markers were described and compared in the BM+ group vs 

the BM− group. Protein concentrations in CSF were 1.80 g/L 

(1.18–3.04) vs 1.28 (0.8–2.5), P=0.02. The CSF glucose was 

1.70 mmol/L (0.8–2.8) vs 3.4 (1.4–4.5), P,0.001. With 

regard to the CSF:serum glucose ratio, it was 0.23 (0.12–0.35) 

vs 0.45 (0.33–0.55), P,0.001. The discriminatory power of 

these markers to distinguish between the BM− patient group 

and the VM patient group was not studied.

Ray et al compared a group of 18 BM− with a group of 

133 non-BM cases.53 The most discriminatory threshold value 

between the two groups for each parameter was defined using 

ROC curves. It was 1.31 g/L for CSF protein concentrations 

(Se 63% and Sp 94% for BM diagnosis), 0.15 for CSF:serum 

glucose (Se 33% and Sp 42%), 22 mg/L for serum CRP (Se 

78% and Sp 74%), and 2.13 ng/mL for serum PCT (Se 87% 

and Sp 100%). The latter was only measured in 44% of patients. 

In this study, the most discriminatory parameters were CRP 

and PCT, while only PCT surpassed clinical judgment.

Viallon et al compared two groups using similar methodo-

logy with 35 BM− and 218 VM.21 The most discriminatory 

threshold values were 1.88 g/L for the CSF protein concentra-

tion (Se 89% and Sp 93%), 0.48 for CSF:serum glucose (Se 

84% and Sp 89%), 37 mg/L for serum CRP (Se 86% and Sp 

84%), 3.8 mmol/L for CSF lactate (Se 63% and Sp 94%), 

and 0.28 ng/mL for serum PCT (Se 94% and Sp 97%). In this 

study, the most discriminatory parameters were CSF lactate 

and serum PCT. The threshold for the latter was ,0.5 ng/mL 

in two patients (.0.9 ng/mL in all the other cases).

In BM cases with a noncontributory direct examination 

of CSF, CSF lactates and serum PCT appeared to retain their 

discriminatory power, which does not seem to be the case for 

the other traditionally used markers.

Other markers
Other CSF markers such as interleukin (IL) (IL-1B, IL-6, 

and IL-8), tumor necrosis factor alpha, heparin-binding 

protein, soluble triggering receptor expressed on myeloid 

cells-1, and other numerous parameters were tested. But 

these tests are sometimes not performed routinely, or the time 

taken to obtain a result is incompatible with the therapeutic 

objectives.

Scores and models
Several scores and predictive models have been developed 

for BM diagnosis or differential diagnosis between BM 

and VM, encompassing CSF or serum clinical and/or 

cytochemical parameters.23,32,60–73 These scores and models 

have been validated by prospective or retrospective stud-

ies.66–72 They have demonstrated their ability to correctly 

differentiate BM from VM, but their use and interpretation 

are not always easy.

A meta-analysis performed on 4,896 children with sus-

pected meningitis, 1,242 (23%) of whom had BM, and has 

studied the diagnostic power of the BM score.73 Based on 

this analysis, sensitivity of 99.3% and specificity of 62.1% 

were highlighted for the BM diagnosis. This score con-

firmed the existence of a population of patients with a low 

risk of BM (CSF absolute neutrophil count ,1,000 cells/

µL, CSF protein ,0.8 g/L, and peripheral neutrophil count 

,10,000 cells/µL [with negative CSF Gram’s stain and no 

acute seizure prior to or during presentation]). However, this 

score only defines a probability and has not been subjected 

to prospective testing in terms of antibiotic prescription 

impact. More recently, Chanavet et al have developed another 

easy-to-use score.65 The variables identified with their cutoff 

value differed between adults and children, and two scores 

were constructed. The parameters of the children’s model 

included the peripheral blood leukocyte count (with cutoff 

value at 15 G/L), CSF leukocyte count (.1,700/mL), CSF 

neutrophil percentage (.80), CSF protein (.2.3 g/L), and 

CSF:blood glucose ratio (,0.33). In children, the periphe-

ral blood leukocyte count was not retained, and the other 

parameters had different cutoff values (CSF leukocyte 

count [.1,800/mL], CSF neutrophil percentage [.80], CSF 

protein [.1.2 g/L], and CSF:blood glucose ratio [,0.30]). 

For the BM diagnosis, these scores obtained sensitivity and 

specificity of 100% and 85% in adults and 100% and 71% 

in children. These two models benefited from an external 

(nonprospective) validation and simulation in accordance 

with the Monte Carlo method confirming this result. Sensi-

tivity and specificity comparison with other scores provided 

good reproducibility between them, particularly with the 

BM score and Boyer’s score.61,64 However, this scope has 

not been prospectively tested.
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Finally, these scores were not compared to the diagnostic 

power of certain parameters such as CSF lactates or serum 

PCT. Neither have they been tested in specific low BM risk 

populations (ie, low CSF leukocyte count, normal CSF:blood 

glucose ratio, and negative Gram’s stain), which typically 

represent the difficult diagnosis situations. The authors 

recommend using this score as a diagnostic aid in so-called 

difficult situations. Furthermore, none of them used or have 

been compared to the most relevant markers such as CSF 

lactate or serum PCT.

Conclusion
There is no single marker or model for establishing a 

diagnosis of BM.

The judicious use of the most relevant markers (serum 

PCT, CSF lactate, and CSF:serum glucose) requires 
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Figure 1 Making decisions on clinical parameters and cerebrospinal fluid.
Notes: European Federation of Neurological Societies guidelines specified: patents suspected to have raised intracranial pressure on symptoms and signs.
Abbreviations: CT, computed tomography; CSF, cerebrospinal fluid; PCT, procalcitonin.
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knowledge of their threshold values and the limits of their 

interpretation, particularly in the case of suspected atypical 

germ-induced BM or prior antibiotherapy (Figure 1).

Clinical reasoning should comprise a multifactorial 

approach combining clinical parameters and CSF data, 

with the objective of determining whether or not a first 

dose of antibiotics is necessary within 30–60 minutes 

of the patient’s admission. The need for a prelumbar 

puncture CT scan should not delay the administration of 

antibiotherapy.

Future studies may be necessary to establish the precise 

role of the most relevant markers in the BM treatment stra-

tegy, for example, models vs serum PCT or CSF lactate plus 

serum PCT.
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