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Validation of a Diagnosis Model for Differentiating
Bacterial from Viral Meningitis in Infants and Children

under 3.5 Years of Age

F. Jaeger, J. Leroy, F. Duchéne, V. Baty, S. Baillet, J.M. Estavoyer, B. Hoen

Abstract The aim of this study was to validate, in a population of infants and chil-
dren under 3.5 years of age, a diagnosis model that provides a figure for the proba-
bility of bacterial meningitis (pABM), based on four parameters collected at the
time of the first lumbar tap: the cerebrospinal fluid (CSF) protein level, CSF poly-
morphonuclear cell count, blood glucose level, and leucocyte count. The best cut-off
value for distinguishing between bacterial and viral meningitis was previously found
to be 0.1, since 99% of meningitides associated with pABM <0.1 were viral. The
charts of 103 consecutive children aged 0.1-3.5 years who had been hospitalised for
acute meningitis were reviewed. Each case was sorted into the following three cate-
gories for aetiology: bacterial (positive CSF culture, n=48); viral (negative CSF
culture and no other aetiology, and no antibiotic treatment after diagnosis, n=36);
and undetermined (fitting neither of the first two definitions, n=19). After compu-
tation of pABM values in each case, the predictive values of the model were calcu-
lated for different pABM cut-off values. The results confirmed that the best cut-off
pABM value was 0.1, for which the positive and negative predictive values in this
model were 96% and 97%, respectively. Only one case of bacterial meningitis
(lumbar tap performed early in an infant with meningococcal purpura fulminans
with negative CSF culture) was associated with a pABM value of <0.1. This model
is quite reliable for differentiating between bacterial and viral meningitis in children
under 3.5 years of age, and it may enable physicians to withhold antibiotics in cases
of meningitis of uncertain aetiology.

Introduction

Accurate and rapid diagnosis of acute bacterial menin-
gitis (ABM) is essential for a favourable outcome,
especially in infants and children [1]. Although exami-
nation of the cerebrospinal fluid (CSF) often provides
immediate confirmation of ABM, it sometimes fails to
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differentiate between ABM and acute viral meningitis
(AVM). Current guidelines recommend starting anti-
biotics whenever a bacterial aetiology cannot firmly be
ruled out [1, 2]. However, the cost of antibiotic therapy
and its attendant hospitalization, as well as its potential
side effects, have raised concern about unnecessary
administration of antibiotics in patients with AVM.
Until now, no single CSF or blood parameter has been
capable of differentiating between ABM and AVM,
since for each potential parameter, the distribution for
ABM may overlap the entire range of values found in
AVM [3].

We previously elaborated a diagnosis model that
proved effective in differentiating ABM from AVM [4].
This model provides a figure for the probability of
ABM (pABM), based on four parameters collected at
the time of the first lumbar tap: the CSF protein level,



the total CSF polymorphonuclear cell count, the blood
glucose level, and the leukocyte count. We determined
that 0.1 was the best pABM cut-off value for discrimi-
nating ABM from AVM, since the negative predictive
value of the model was 99% for this value of pABM —
i.e., 9% of meningitides associated with pABM <0.1
were viral. The study population included patients aged
from 0.1 to 83 years, but infants and young children
were not specifically selected. The aim of the present
study was to validate our model in infants and children
under 3.5 years of age, in whom the incidence of ABM
is highest.

Patients and Methods

Patients and Setting. We reviewed the medical records of all chil-
dren aged 1 month to 3.5 years who were admitted to the Depart-
ment of Infectious Diseases of the University Medical Centre in
Besangon, France, from January 1984 to December 1996, and
whose final diagnosis was acute meningitis. We excluded cases of
tuberculous meningitis, neoplastic meningitis, and meningitis
secondary to neurosurgical procedures.

Diagnostic Classification of Cases. In each case, the definitive
diagnosis of meningitis was assigned to one of the following three
categories, using the same criteria as were used for building the
model [4]: (i) bacterial, if an appropriate etiologic bacterium was
cultured from CSF or blood, or if a bacterial antigen was demon-
strated in the patients’ CSF, blood, or urine by latex agglutina-
tion; (ii) viral, if a virus was isolated from a human diploid fibro-
blast culture of blood, stool, or CSF, or if the discharge diagnosis
was viral meningitis and no etiology other than viral infection was
found and no antibiotics were given for the treatment of menin-
gitis; and (iii) uncertain, in cases matching neither of the above
two definitions.

Validation Process. In each case of meningitis, we retrospectively
established the computed diagnosis by calculating pABM
according to our previously defined model:

pABM=1/(1+e™), where
L=32.13x10"*x CSF PMN count (10%1)
+2.365 x CSF protein (g/1)

+0.6143 X blood glucose (mmol/l)
+0.2086 X leucocyte count (109/1) -11

The values entered into the model for computing pABM were
CSF values of the first lumbar tap and those of blood parameters
collected at the same time.
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Based on the results of our previous study, we selected 0.1 as the
pABM cut-off value for distinguishing between ABM and AVM,
as this value was associated with a negative predictive value of
0.99. The computed diagnosis was therefore distributed into two
categories: bacterial if pABM was =0.1, and viral if pABM was
<0.1. The definitive diagnoses were cross-tabulated against the
computed diagnoses, and the model performance was assessed by
calculating its sensitivity, specificity, positive (PPV) and negative
(NPV) predictive values, and accuracy. Standard definitions were
used for these three parameters [5].

In a second step, we evaluated the performance of the model for
other pABM cut-off points, in an attempt to identify a potentially
more effective decision rule.

Results

We identified 103 cases of meningitis that occurred in
as many patients (mean age 1.74 years; range, 0.1-3.6).
There were 48 cases of bacterial meningitis, 36 cases of
viral meningitis, and 19 cases of undetermined aetio-
logy. The causative microorganisms are listed in
Table 1. The patients’ characteristics and the distribu-
tion of blood and CSF parameters for ABM and AVM
cases are shown in Table 2.

Table 3 shows the cross-tabulation of computed versus
definitive diagnoses in the 84 cases of bacterial or viral
meningitis: 34 of 36 AVM cases and 47 of 48 ABM
cases were correctly classified. The sensitivity, specifici-

Table 1 Distribution of the causative microorganisms in the 103
cases of acute meningitis

Causative microorganism Cases (n)

Bacterial (n=48)
Haemophilus influenzae 33
Neisseria meningitidis 11
Streptococcus pneumoniae 4

Viral (n=36)
Mumps virus 3
Enterovirus 2
Herpes zoster virus 1
Unidentified 30

Undetermined (n=19)

Table 2 Patients’ characteristics and blood and CSF parameters in 48 cases of acute bacterial meningitis and 36 cases of acute viral
meningitis. Quantitative variables are expressed as mean * standard deviation [range]

Characteristic Bacterial meningitis (n=48) Viral meningitis (7 =36) P value*
Age (years) 1.3+0.8 [0.1-3.3] 2.3+0.8 [0.6-3.5] <0.0001
Sex (M/F) 25/23 26/10 0.06

Leukocyte count (10°/1) 15.2+8.0 [2.8-33.6] 11.6%+3.9 [5.8-20.3] <0.0001
Blood glucose (mmol/l) 5.8+1.8 [2.7-11.7] 5.1+1.0 [3.2-8.1] <0.0001
CSF leucocyte count (10%/1) 3445+ 4131 [27-19000] 305329 [9-1300] <0.0001
CSF PMN count (10°/1) 3152+3976 [25-18620] 4975 [0-312] <0.0001
CSF protein (g/1) 1.5 +1.0 [0.2-5.0] 0.4+0.2 [0.1-1.2] <0.0001
CSF glucose (mmol/l) 1.6+1.3 [0-4.6] 32+0.7 [1.8-5.3] <0.0001
CSF/blood glucose ratio 0.3 £0.2 [0-0.9] 0.7+0.2 [0.3-1.4] <0.0001

* P value in the Mann-Whitney test for the comparison of quantitative variables and of Pearson’s chi-square test for sex
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Table 3 Computed diagnosis versus definitive diagnosis in 48
cases of acute bacterial meningitis and 36 cases of acute viral
meningitis

Computed diagnosis Definitive diagnosis

Bacterial Viral Total
Bacterial 47 2 49
Viral 1 34 35
Total 48 36 84

Table 4 Performance of the model for different cut-off points of
the probability of bacterial meningitis (pABM). All values are
expressed as percentages

pABM  Sensitivity  Specificity PPV~ NPV Accuracy
0.05 97.9 88.9 922 970 94.0
0.1 97.9 94.4 959 971 96.4
0.2 91.7 97.2 97.8 89.7 94.0
0.3 89.6 100 100 87.8 94.0

PPV: positive predictive value; NPV: negative predictive value.

ty, positive and negative predictive values, and accu-
racy of the model were 97.9%, 94.4%, 95.9%, 97.1%,
and 96.4%, respectively (Table 3).

The only case of bacterial meningitis that was
computed as viral by the model was that of an 8-month-
old girl who was admitted to the emergency room with
febrile purpura fulminans. A CSF sample obtained
from the lumbar tap performed on arrival showed the
following results: leucocytes, 104/mm* (PMNs, 31/
mm?), protein, 0.25 g/l, and glucose, 3.1 mmol/l; both
the CSF Gram stain and culture were negative. Only
blood cultures yielded Neisseria meningitidis.

The sensitivity, specificity, positive and negative predic-
tive values, and accuracy of the model for cut-off points
of pABM other than 0.1 are shown in Table 4.
Although a pABM value of 0.3 was associated with a
positive predictive value of 100%, negative predictive
values associated with pABM values greater than 0.1
were unacceptably low. Consequently, we found again
that the best cut-off point for discriminating ABM from
AVM is 0.1, which is associated with the highest NPV
and accuracy values of the model; virtually no bacterial
meningitis is associated with a pABM value of <0.1.

Discussion

In spite of advances in diagnosis and treatment, bacte-
rial meningitis is still responsible for substantial
mortality and permanent neurological sequelae in chil-
dren. It is widely accepted that rapid diagnosis and
treatment of bacterial meningitis are essential for
curing the disease. Although the clinical findings and

initial examination of the CSF most often provide rapid
diagnosis of acute bacterial meningitis, they fail to
differentiate between bacterial and viral meningitis in
about 20% of cases [4, 6]. The present study confirms
that differentiating between bacterial and viral menin-
gitis may be difficult. In fact, even after the patients had
been discharged, it remained impossible to categorize
18% of the cases as either ABM or AVM. In all of
these cases, the diagnosis remained undetermined
because no bacteria were cultured from the CSF and
antibiotics had been administered for at least 24 hours
after the diagnosis of meningitis.

Until recently, no single CSF or blood parameter was
found to be capable of distinguishing between bacterial
and viral meningitis, since for each potential parameter
the distribution for bacterial meningitis may overlap
the entire range of values found in viral meningitis
[7-10]. Plasma procalcitonin recently proved sensitive
and specific for differentiating between viral and bacte-
rial meningitis in children, with no overlapping values
between bacterial and viral meningitis [11, 12].
However, these results are preliminary and need to be
confirmed, and procalcitonin assays are not widely
available. The current clinical practice is therefore to
start antibiotic treatment in all patients in whom bacte-
rial meningitis cannot be firmly excluded [13].

This is why we elaborated a diagnosis model aimed at
helping clinicians to distinguish between viral and
bacterial meningitis accurately. Our diagnosis model
was elaborated using a multivariate logistic regression
analysis in a previous study of 500 consecutive cases of
acute community-acquired meningitis that had been
reviewed retrospectively [4]. The previous study was
primarily intended to validate a similar approach
reported by Spanos et al. [6]. Of the 500 cases of menin-
gitis reviewed, 398 were documented as either AVM
(n=283) or ABM (n=115), and 102 were of undeter-
mined etiology. The performance indices for this model
were quite satisfactory: its area under the receiver oper-
ating characteristic (ROC) curve was 0.991, and its
negative predictive value was 0.99 for a pABM cut-off
value of 0.1 [4]. In addition, the validity of our model
and the relevance of pABM=0.1 as a cut-off for thera-
peutic decision-making have been confirmed by inde-
pendent investigators in retrospective series of acute
meningitis [14, 15].

We deemed it wise to evaluate the accuracy of our
model in a population of infants and children under
3.5 years of age, in whom both the incidence of bacte-
rial meningitis and the frequency of antibiotic treat-
ment for acute meningitis are higher than in patients at
any other age [16, 17]. Although the vaccine-related
decline in meningitis caused by Haemophilus influenzae
has been responsible for a dramatic drop in the inci-
dence of bacterial meningitis in infants and young chil-
dren in industrialised countries [18], in our series,



bacterial meningitides were more frequent than viral
cases, and Haemophilus influenzae was the most
frequent causative organism. This is due to the fact that
most of the cases were recorded before Haemophilus
influenzae immunisation programs had started in our
country.

The present study confirms that our model can effec-
tively help distinguish between viral and bacterial
meningitis in children under 3.5 years of age. We found
that the negative predictive value of our model was as
high as 97.1% when using a pABM cut-off value of 0.1.
The accuracy of the model was also very high (96.4%).
Only one case of bacterial meningitis was computed as
viral by the model, preventing the negative predictive
value from reaching 100%. In this case of meningococ-
caemia with purpura fulminans, the clinical diagnosis
was obvious, and antibiotics were started even before
the results of the lumbar tap were obtained.

In summary, the model used in this study proved accu-
rate and reliable when applied in infants and children
under 3.5 years of age. It is easy to use and provides the
results of pABM calculation within seconds after the
CSF and blood parameters have been entered into the
computer. However, we would emphasise that results
obtained using this model should be regarded as one
piece of diagnostic information among others and
should never entirely take the place of a careful diag-
nostic evaluation targeted at each individual case. In
addition, we have shown in another study that the deci-
sion on whether to withhold or stop antibiotic treat-
ment early can be made according to the results of our
model-derived pABM computation, which has been
confirmed as accurate for this type of therapeutic deci-
sion-making process [19]. The model can help physi-
cians identify patients in whom antibiotics can be with-
held safely, and it can therefore contribute to reducing
the inappropriate use of antibiotics, which are still used
too often and for too long a time in acute meningitides
of uncertain aetiology. In our center, we have been
using this model routinely in such situations for more
than 3 years, in adults and children, with the same level
of effectiveness as described in our prospective valida-
tion study [19].
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