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Abstract. In a previous study we devised a diagnostic
decision rule to improve management of children
with meningeal signs, suspected of having bacterial
meningitis. The decision rule aimed to guide decisions
on (1) whether a lumbar puncture is necessary in
children with meningeal signs, and (2) which children
need hospitalisation and empirical antibiotic
treatment for bacterial meningitis. In this study we
assessed the validity of this rule in an external
population of four (paediatric) hospitals in The
Netherlands. The decision rule included two scoring
algorithms using symptoms, signs and quickly avail-
able blood and cerebrospinal fluid (CSF) laboratory
tests. To evaluate the discriminative value of both
algorithms, the absolute numbers of correctly diag-
nosed patients and the area under the receiver
operator characteristic curve were estimated, and
compared with the results from the original popula-

tion (n ¼ 360). In a 18 month period, we included
226 children, median age 2.2 years, who visited the
emergency department with meningeal signs. Bacte-
rial meningitis was present in 25 (11%). Using the
scoring algorithms patients could be categorised in
groups of increasing risk of bacterial meningitis. The
discriminative values of the clinical and CSF algo-
rithm in this new population were similar to those in
the original population. In the total population of
586 children with meningeal signs, the rule selected
205 children (35%) who did not need a lumbar
puncture and 366 children who did not need empiri-
cal treatment (62%). In conclusion, this diagnostic
rule performed well in a new population of children
with meningeal signs. This diagnostic decision rule is
a valuable tool for the clinician when deciding to treat
these children for bacterial meningitis and thus im-
proving their management.
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Introduction

Children with meningeal signs are highly suspected
for bacterial meningitis [1, 2], but these signs may arise
from other causes as well [3, 4]. Many clinical symp-
toms and signs, and laboratory tests of blood and
cerebrospinal fluid (CSF) have been evaluated, but
none of them completely discriminate between pres-
ence and absence of bacterial meningitis [5–9]. Since
delayed diagnosis and treatment of bacterial menin-
gitis worsens its prognosis, physicians have a low
threshold to perform a lumbar puncture and to start
empirical antibiotic treatment for bacterial meningitis
in these children. Hence, lumbar punctures and em-
pirical treatment as performed in these children may,
to some extent, be regarded unnecessary afterwards.

In practice, two main questions arise: (1) Based on
clinical symptoms and signs, is a lumbar puncture
necessary to rule out bacterial meningitis, and (2)
based on the direct CSF analysis, is empirical antibi-
otic treatment necessary until definite cultures become
available? With these two questions in mind, we de-
veloped in a previous study a diagnostic decision rule
to guide decisions on the use of a lumbar puncture and
empirical antibiotic treatment for bacterial meningitis
in children with meningeal signs, which showed good
performance [10, 11]. The aim of this present study
was to prospectively validate the performance of the
rule in new patients with meningeal signs at the pae-
diatric emergency department of four hospitals, which
is a proper methodological standard before imple-
menting a prediction rule in clinical practice [12–15].
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Methods

Description of the original diagnostic rules

In an earlier study, we studied 360 children with
meningeal signs admitted between 1988 and 1998 to a
large paediatric teaching hospital, with an emergency
department receiving about 2500 new patients each
year, of whom 90% present for basic paediatric care
[16]. Using logistic regression analysis, we identified
independent predictors for bacterial meningitis from
patients’ history, physical examination and labora-
tory tests. Based on these variables we developed a
diagnostic decision rule for children suspected of
having bacterial meningitis. The rule includes two
scoring algorithms (see Appendix 1 and previous
publications [10, 11] for details). With the first algo-
rithm a clinical score (ranging from 0.5 to 30) can be
computed for each patient using six clinical charac-
teristics. The second algorithm yields a CSF score
(ranging from )5 to 5) by assigning the patient points
for two CSF indices. As an example, consider a boy
with complaints since half a day, who vomits, with
meningeal irritation at physical examination, a serum
CRP of 45 mg/l, 150 polymorphonuclear cells in
CSF/ll and a CSF/blood glucoseratio of 0.45. He
gets a clinical score of 10 (=0.5þ 2þ 7.5þ 0þ 0þ 0)
and a CSF score of 0 (=2 ) 2).

Description of the validation study

Setting and procedures
After approval of the medical ethical committees of
the participating hospitals, the rule was prospectively
validated in two teaching and two regional hospitals
in The Netherlands. We informed the clinicians
working at the emergency department (paediatricians
and paediatricians in training) that independent pre-
dictors for bacterial meningitis had been identified
and included in a decision rule. To validate its per-
formance in other patient populations, they were
asked to systematically document the presence or
absence of the predictors in the rule. Although the
clinicians received information how to calculate the
scores, they were instructed that the true decision to
perform a lumbar puncture or initiate empirical
treatment was still left to their own judgement, since
the aim of the study was not to implement but only to
validate the rule in a new patient population.

Patients
Children, aged from 1 month up to 15 years, who
visited the emergency department with meningeal
signs, without pre-existent neurological diseases were
eligible for this study. The label ‘meningeal signs’ was
applied (as in the derivation study) to (1) children
with a history of pain in the neck, (2) those referred
by the general practitioner for meningeal signs, or (3)
children with meningeal irritation as assessed by the

paediatrician [10, 11, 17]. To ensure enrolment of all
patients with ‘meningeal signs’ we carefully checked
the emergency department log during the study
period. Patients were included in the period of
November 1999–May 2001.

Data collection
All items of the two algorithms and some additional
general characteristics, symptoms, signs, and labo-
ratory tests were systematically documented for each
included child. The outcome was the presence of
bacterial meningitis, defined as the presence of
elevated leukocyte count (>5 cells/ll) in CSF of a
non-traumatic puncture and a positive bacterial CSF
or blood culture [2]. Elevated CSF leukocyte count
with viral growth in CSF or faeces or positive viral
serology was considered as a case of viral meningitis
and absence of any isolated pathogen as a case of
aseptic meningitis [18]. Final diagnoses other than
meningitis were determined by either bacteriologic
cultures of blood, urine, stool and ear, nose, or throat
specimens or based on a consensus diagnosis, in-
cluding a 1-week outpatient follow-up [17]. To the
latter aim, data on recovery of non-hospitalised
patients were collected at their control visit or by
telephone call within 3–7 days after first admission by
one of the paediatricians (in training) or the research
fellow.

Analysis
The original rules (as obtained from the derivation
study) were applied to the data of the validation set.
We estimated the distribution of patients across
categories of the score enabling quantification of the
predictive values per scoring category, and compared
these figures with the findings in the derivation set.
We also quantified the overall (i.e. irrespective of
score thresholds) diagnostic value of the rules using
the area under the receiver operator characteristic
curve (ROC area) with 95% confidence interval (CI)
and compared it with the derivation study results
[19].

Results

Patient characteristics

The validation population comprised 226 patients. A
lumbar puncture had been performed in 146 (65%)
children (Figure 1). One-hundred and seven children
with early discharge (with or without lumbar punc-
ture, 46 and 61, respectively) recovered uneventfully
as documented during the outpatient department visit
or telephone call. Follow-up on eleven children was
lacking, since they did not come to their control visit,
and could not be reached by phone. Patient charac-
teristics are presented in Table 1 and compared with
those of the derivation set. Patients in the validation
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set presented less frequently with a disturbed con-
sciousness and were less frequently hospitalised than
those in the derivation set. Although children were
rather equally referred with meningeal signs by the
general practitioner (60%), the paediatrician less
frequently confirmed presence of meningeal irritation
in the validation set (64 of 139; 46%) than in the
derivation set (133 of 203; 66%). The frequency of

bacterial meningitis in the validation set was sub-
stantially lower than in the original population (11
and 28%, respectively).

Validation of the clinical scoring rule

In the derivation study we had defined a clinical score
of 9.5 to discriminate between children with and

Outpatient follow-up
SBI: 5 

SLD: 41

SLD: 62

Hospitalisation
BM: 25 
SBI: 13 

Lumbar puncture
n = 146

Hospitalisation 
SBI: 3 
SLD: 5

No follow-up 
SBI: 2 
SLD: 9

Outpatient follow-up
SBI: 5 

SLD: 56

No lumbar 
puncture n = 80

All children 
n = 226

Figure 1. Flow chart of applied management to the 226 children with meningeal signs BM: Bacterial meningitis; SBI:
Serious bacterial infections (other than BM); SLD: Self-limiting diseases.

Table 1. General characteristics of derivation and validation set

Characteristic Derivation set N = 360 Validation set N = 226

Male gender 225 (63%) 152 (67%)
Age (years)a 2.4 (0.8–5.3) 2.2 (0.5–6.0)
Fever in history 330 (92%) 212 (94%)
Vomiting in history 182 (51%) 111 (49%)

Duration main problem (days)a 1 (1–2) 1 (1–2)
Petechiae at examination 39 (11%) 26 (12%)
Disturbed consciousness 83 (23%) 20 (9%)

Cyanosis 10 (3%) 2 (1%)
Serum CRP (mg/l)a 54 (14–151) 18 (8–70)
Lumbar puncture 256 (71%) 146 (65%)

Hospitalisation 218 (61%) 108 (48%)
Diagnosis
Bacterial meningitis 99 (28%) 25 (11%)

Serious other bacterial infectionb 36 (10%) 28 (12%)
Viral/aseptic meningitis 44 (12%) 43 (19%)
Other self-limiting diseasec 181 (50%) 130 (58%)

a Median (25th and 75th percentiles).
b Including septicaemia (n = 2), pneumonia (n = 17), urinary tract infection (n = 9).
c Including upper respiratory tract infections (n = 52), viral syndromes (n = 65), other (n = 13).
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without bacterial meningitis. Application of this
clinical scoring rule to the validation set, however,
yielded two children with bacterial meningitis with a
clinical score of 8.5; all other children with bacterial
meningitis (n ¼ 23) had a clinical score of 10.5 or
higher. These two would have been missed when
applying the original rule at a threshold of 9.5. Of all
children without bacterial meningitis (n ¼ 201), 122
had a score <9.5, yielding 79 with a score of 9.5 or
higher. The ROC-area of the clinical score in the
validation set was 0.90 (95% CI: 0.84–0.95), which
was slightly lower than in the original data set (ROC-
area 0.94; 95% CI: 0.91–0.96) [10].

Given that missing a case of bacterial meningitis
was unacceptable, we adjusted the original threshold
for the indication of a lumbar puncture from 9.5 to
8.5. To quantify how well this ‘new’ rule would per-
form, we tested it on all available data, i.e. on the
patients from the derivation and validation study
together (n ¼ 586). Of these, 124 (21%) had BM and
462 (79%) had not. The results are given in Table 2.
It can be seen that under a score of 8.5, no patients
with BM would now be missed. Also, the predictive
value of bacterial meningitis sharply increased with
increasing scores.

Validation of CSF scoring rule

Table 3 presents the observed frequency of bacterial
meningitis according to the CSF score in the valida-

tion set. The frequency of bacterial meningitis in-
creased with the CSF score. The frequency of
bacterial meningitis in the validation set was com-
parable to the frequency found in the derivation
study, except for the second column (CSF score )3 to
)1). The ROC-area of the CSF score in the validation
set (0.97; 95% CI: 0.93–1.0) was similar to the ROC-
area in the derivation set (0.93; 95% CI: 0.89–0.97)
[11].

Validation of the two scoring rules combined

In contrast to the clinical score, we could not define a
threshold value for the CSF rule to rule out BM, as
was also the case in the derivation study. We there-
fore evaluated the diagnostic value of the combined
use of the ‘new’ clinical rule and the (original) CSF
score using all available data from the derivation and
validation study (n ¼ 586), as presented in Figure 2.

Patients with high clinical scores (P20) were at
high risk of bacterial meningitis, and the CSF score
aided little in distinguishing between patients with
and without bacterial meningitis. In these patients
however, a lumbar puncture will identify the patho-
gen. In the intermediate scoregroups (clinical score
8.5–19.9), the use of the CSF score with the clinical
score could select a substantial number of patients
without bacterial meningitis, such that empirical
treatment could be safely omitted. Since bacterial
meningitis was not observed in patients with a clinical

Table 2. Validation of the clinical score on derivation and validation set together (n = 586 with 21% BM)

Clinical score

0–8.4 8.5–14.9 15.0–19.9 P20.0

Number of patients 205 251 60 70
Observed prevalence of BM, n (%; 95% CI) 0 (0; 0–2)a 32 (13; 9–17) 31 (52; 39–65) 61 (87; 79–95)

Clinical score = duration of complaints (1 point per day) + vomiting (yes = 2/no = 0) + meningeal irritation at
examination (yes = 7.5/no = 0) + disturbed consciousness (yes = 8/no = 0) + petechiae (yes = 4/no = 0) + cyano-
sis (yes = 6.5/no = 0) + CRP (<50 mg/l = 0/50–99 = 0.5/100–149 = 1.0/150–199 = 1.5/P200 = 2.0).

BM = bacterial meningitis; n = number of patients with BM; CI = confidence interval.
a 95% CI was estimated using the exact Clopper–Pearson method.

Table 3. Validation of the CSF score on validation set

CSF score

<)3.0 )3.0 to )1.0 )0.5 to 0.5 P1.0

Validation set
Number of patientsa 21 55 27 13
Observed prevalence of BM, n (%; 95% CI) 0 (0; 0–16) 1 (2; 0–5) 7 (26; 8–44) 13 (100; 75–100)

Derivation set
Observed prevalence BM (%) 3% 10% 34% 97%

CSF score: Polymorphous cell count (0–9 cell/ll = 0/10–99 = 1/100–999 = 2/1000–9999 = 3/P10,000 = 4) ) 5 · CSF/

blood glucoseratio.
BM = bacterial meningitis; n = number of patients with BM; CI = confidence interval.
a n = 126, since cases with missing values (n = 110) are excluded.
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score <8.5, the CSF score had no additional diag-
nostic value in these patients.

Using the thresholds as presented in Figure 2, 205
children with a score <8.5 could be selected in whom
a lumbar puncture was not necessary. Subsequently,
381 children would undergo a lumbar puncture. In
current practice 402 children underwent a lumbar
puncture (Table 1), of which 21 could have been
prevented by the rule (5%). In addition, the rule se-
lected 366 children in whom empirical treatment
could be withheld (Figure 2, white and grey area).
Doing so, the rule could reduce the number of hos-
pitalisations from 326 (Table 1) to 220 (33% reduc-
tion).

Discussion

The principle aim of diagnostic protocols is improve
patient management. Clinical prediction rules may
not perform as well in new settings as they had in the
settings in which they were developed [12, 14, 20].
Therefore, prospective validation of a rule should
inform about whether the rule reflects true associa-
tions rather than the play of chance or statistical
‘overfitting’ and whether they can be applied appro-
priately in practice. In this present study we have
validated a diagnostic decision rule, as previously
devised, to guide two questions in children presenting
with meningeal signs: when to perform a lumbar
puncture, and when to start empirical antibiotic
treatment, without missing a single case of bacterial
meningitis. In a new group of 226 children visiting the
emergency department with meningeal signs, the

scoring algorithms of this rule using symptoms and
signs at presentation and quickly available blood and
CSF laboratory tests appear to be valid. Use of this
rule will reduce (unnecessary) lumbar punctures and
hospitalisations and their associated costs. The esti-
mated number of prevented lumbar punctures by the
rule may seem rather limited, due to the assumption
not to miss any child with meningeal signs. The po-
tential savings in number of hospitalisations are
much higher. Since there may be other reasons for
diagnostic procedures (e.g. prognostication) or hos-
pitalisation (e.g. co-morbidity) the precise reduction
of lumbar punctures and hospitalisation should be
estimated in an implementation study [21].

In 126 patients (of whom 4 with bacterial menin-
gitis) the CSF score could not be computed since
values for either the CSF cell count, or glucose con-
centration in CSF or serum were missing due to
laboratory technical reasons. These patients were
excluded from further analysis, which explains part of
the difference between the observed number of cases
of the validation and derivation set in Table 3.

The threshold value of 9.5 for lumbar puncture as
defined in the derivation set would have missed two
children with bacterial meningitis in the validation
set. One of those was a 34-days old boy, prematurely
born, and thus at the borderline of the age criteria of
our rule (patients aged from 1 month up to 15 years).
He had a 1-day history of complaints, meningeal ir-
ritation at physical examination, and a serum CRP of
2 mg/l. CSF contained 11,310 cells/ll (90% poly-
morphonuclear cells) and the CSF/blood glucoseratio
was 0.49. E. coli was isolated from CSF. The other
was a 6-month old boy, with complaints since half a

CSF

score

Clinical risk score 

< 8.5 8.5 - 10.4 10.5 - 12.9 13 - 19.9  20 

<-3 BM-=161 BM-=96 
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 -0.5 

BM-= 205 

Neither indication for lumbar puncture nor treatment 

Indication for lumbar puncture, but no indication for treatment 

Indication for lumbar puncture and for treatment 

≥

≥

Figure 2. Distribution of patients with (BMþ) and without (BM�) bacterial meningitis from derivation and validation set
across categories of both scores in the decision rule.
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day and a generalised seizure of 10 min. At examin-
ation he developed a second generalised seizure. Se-
rum CRP was 68 mg/l, and CSF contained
2700 cells/ll (polymorphonuclear cells only); CSF/
blood glucose ratio was 0.61. S. pneumoniae was
isolated from CSF and blood. Obvious, the combi-
nation of seizures and meningeal signs is very indi-
cative of bacterial meningitis. In a population of
children with meningeal signs as the main symptom
seizures occur too infrequently to be included in a
diagnostic prediction rule. It should be noted that the
clinical score threshold value for a lumbar puncture
was defined under the assumption not to miss any
case of bacterial meningitis. Application of the rule
may miss some cases of viral meningitis (n ¼ 9 of 43;
20% in the present validation study). We believe that
this is acceptable, since viral meningitis in children
aged >1 month has a fair prognosis and does not
need specific treatment [22]. This point of view,
however, may change in future if antiviral therapy for
enteroviral meningitis becomes available.

The evaluation of potential diagnostic predictors
for bacterial meningitis has resulted in various pre-
diction rules with predictors comparable to ours [5–9,
23, 24]. Only few have been validated as well [8, 9].
All these studies selected patients on their final di-
agnosis rather than on their clinical suspicion of
bacterial meningitis. Selection of patients on their
diagnosis can lead to biased selection of the most
evident cases with subsequent potential overestima-
tion of the diagnostic value of tests that are applied in
practice on all patients with meningeal signs [25–27].
In accordance with clinical practice, the value of di-
agnostic tests should be assessed in patients with
suspicion on a particular disease. Therefore, we in-
cluded patients suspected of having bacterial menin-
gitis, i.e. patients visiting the emergency department
with meningeal signs. Following this type of patient
selection, our diagnostic rule does not apply to all
patients suspected of having meningitis, since patients
with a prominence of other symptoms of meningitis
(such as coma, convulsions, etc. [1, 2]) are not in-
cluded in our study population.

Some comments on the use of the rule and its
generalisability need to be made. Inclusion of serum
CRP in our rule suggests that CRP results are nec-
essarily available before drawing conclusions. Due to
its positive value in the rule, CRP will always in-
creases the total score. As a consequence, CRP will
not change the indication for lumbar puncture in
patients with a score above the threshold value for
lumbar puncture (P8.5) based on clinical variables
only (i.e. before knowing serum CRP). These patients
are probably the evident cases of bacterial meningitis,
in whom further diagnostic tests are quite straight-
forward. To include serum CRP is valuable in the less
evident cases (with clinical score <8.5), in particular.

In this validation study, the prevalence of bacterial
meningitis in children with meningeal signs was sub-
stantially lower than in the population the rule was
derived on. This may be due to the routine Haemo-
philus influenzae type B-vaccination of infants, as in-
troduced in the Netherlands since 1996 [28, 29]. Since
the value of a prediction rule may be affected by
differences in disease prevalence in different popula-
tions [26, 30, 31], we estimated the performance of
both the clinical and CSF algorithm, after adjusting
the intercepts of the two original logistic regression
models [10, 11], from which the scoring rules in the
appendix were derived. This adjustment showed nei-
ther an effect on the ROC-areas nor on the predictive
accuracy in terms of absolute number of patients. We
therefore believe that an adjustment for differences in
disease-prevalence is not necessary and that the rule
can be used without adaptation in other places with a
different prevalence of meningitis.

Although the rule was derived on retrospectively
collected data, it performed similar in the prospec-
tively collected validation set. We therefore believe
that the rule including the symptoms and signs as we
defined is well applicable in practice.

The rule was derived in an academic paediatric
hospital (receiving about 90% basic paediatric care
[16] but validated in four hospitals, including three
non-academic ones, with their particular patient
populations. Since the rule performed well in all
hospitals, we state that the rule is applicable to pae-
diatric emergency departments in general.

As the aim of the rule is to detect bacterial men-
ingitis, the rule does not identify the true diagnosis
after bacterial meningitis has been ruled out. Further
evaluation by the clinician is necessary to reveal other
serious bacterial infections, for which treatment is
necessary [3, 4].

In conclusion, a diagnostic decision rule for chil-
dren with meningeal signs proved to perform well in a
newly selected group of patients. Using this rule,
patients can be classified in groups of increasing
probability of bacterial meningitis. This diagnostic
decision rule can be used as a tool for the clinician to
guide decisions on the performance of a lumbar
puncture or initiating empirical treatment in children
with meningeal signs in order to improve their man-
agement.

Acknowledgement

We thankfully acknowledge R. Spritzer, MD PhD,
and P.T.M. van Echtelt, MD, Sint Fransiscus Hos-
pital and L.C. ten Have, MD, Reinier de Graaf
Hospital for their participation in this study. This
project has been financed by the Health Care Insur-
ance Council of The Netherlands.

114



Appendix 1

Contents of the diagnostic decision rule.

(a) Clinical scoring algorithm.

Characteristic Points assigned if characteristic presenta b (95% CI)b

Duration main problem in history 1 per day (max 10) 0.4 (0.2–0.7)

Vomiting in history
Yes 2 0.8 ()0.2–1.7)
No 0

Meningeal irritation at physical examination

Yes 7.5 3.1 (1.0–5.2)
No 0

Cyanosis at physical examination

Yes 6.5 2.6 (0.1–5.0)
No 0

Petechiae at physical examination

Yes 4 1.6 (0.3–2.9)
No 0

Disturbed consciousness at physical examination

Yes 8 3.1 (2.2–4.0)
No 0

Serum CRP (mg/l)
<50 0 0.007 (0.003–0.011)c

50–99 0.5
100–149 1.0
150–199 1.5

P200 2.0

Total clinical risk score (sum of scores)

b = regression coefficient of the logistic model; 95% CI = 95% confidence interval.
a The score of each predictor was obtained by multiplying the corresponding regression coefficient with 2.5 and rounded to

(b) Cerebrospinal fluid (CSF) scoring algorithm.

Characteristic Points assigned if characteristic presenta b (95% CI)b

CSF polymorphonuclear cell count (per ll)
<10 0 1.1 (0.8–1.4)c

10–99 1

100–999 2

1000–9999 3

P10,000 4

CSF/blood glucose ratio

<0.1 0 )4.5 ()6.6 to )2.4)d

0.1–0.19 )0.5
0.2–0.29 )1.0
0.3–0.39 )1.5
0.4–0.49 )2.0
0.5–0.59 )2.5
0.6–0.69 )3.0
0.7–0.79 )3.5
0.8–0.89 )4.0
0.9–0.99 )4.5
P1.0 )5.0

Total CSF score (sum of scores)

b = regression coefficient of the logistic model; 95% CI = 95% confidence interval.
a The score of each predictor was obtained rounding the corresponding regression coefficient to the nearest integer.
b The intercept (constant) was 0.07 (95% CI: )1.3–1.2).
c Per unit 10log(CSF polymorphonuclear cell count).
d Per unit glucose CSF/blood ratio.
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