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Multivariate Approach to Differential Diagnosis of

Acute Meningitis

B, Hoen'*, 1.E Viel*, C. Paqum]. A. Gérard', P. Canton'

A previously reported statistical modal based on a combination of four parameters
ftotal polymorphonuclear cell count in cerabrospinal fluid (CSF), CSFhlood glucose
ratio, age and month of onset) appeared effective in differentiating acute viral
meningitis (AVM]) from acute bacterial meningitis (ABM). The objectives of this study
weare to validate this model on a large independent sample of patiants with acute
meningitls and to build and validate a new model based on this sample. Of 500 con-
sacutive cases of community-acguired meningilis reviewed retrospadlivaly, 115 ware
ABEM, 283 were AVM and 102 were of uncertain eticlegy. For sach of tha ABM and
AVM cases, the probability of ABM versus AVM (pABM) was calculated for bath mod-
als. Sensitivity, specificity and predictive values as well as arsas under tha racaivar
aparaling characteristic (ROC) curves were calculated for both models. The original
modal proved an accurate and reliable diagnostic test. Its area under the ROC curva
was [1.981. For pABM = 0.1, its negative and positive predictive valuas ware 0.9% and
(.68, respectively. The new model retained four slightly differant indepeandant vari-
ables: CSF protein level, total CSF polymorphonuclear cell count, blood glucose
level and leukocyle count. ts area under the ROC curve was 0.991 and, for
pABM = 0.1, its negative and positive predictive values were 0.99 and 0,85, respec-
tively. In conclusion, both medels provide a valuable aid in differentiating AVM from
ABM. They should he further evaluated in a prospective appraisal of their contribution

o \herapeutic decision making.

Accurate and rapid diagnoss 15 essential for
patients with acute bacterial meningitis (ADBM),
Although examination of the cerebrospinal fluid
(C:SF) often provides immediate confirmation of
ABM, L sometimes Tails to differentiate between
ABM and acute viral meningitis (AVM) A posi
tive Gram-stained CSF smear 15 virtually 100 %
thiapnostic of ABM, butin abowt 25 % of cases of
ABM. the initial Gram-stained CSF smear is
negalives (1) For years, in cases of difficult diffsr-
enlial disgnosis bobween ABM and AVM, physi
cians have preferred o teat viral meningitis with
anlibiotics rather than net @0 treat a bacisnal ong,
However, the cost of antibiotic therapy and its at-
lendant hospitalization as well as its petential side
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effects raiswal concern about piving wnnecessary
antibiotics in AVM. Various Wood and CSF [ind-
ings, such as C3F lactale and hlowml or C8F -
réeactive protein, have been proposed as markcrs
for differential diagnosis between ABM and
AVM (2-3). Unfortunately, no single value [or
any CSF or blood parameter has been found Lo be
discriminant. since for cach potential parameler
the distribution for ABM may overlap the enting
range of values found in AVM (57} This
prompied Spanos et al. {6) to undertake 8 tetrg-
spective study of a large number of both ARM
and AVM cases with the aim of assessing whother
the final diagnosis could be prodicled aceurately
using a statistical model based on w combinalion
of parameters. They identified four independent
parameters for predicting the likelihom! of ABM:
total polymorphonuelear leukoeyte (PMN) count
in CSF. CSFhlood glucose ratio, age and the
number of months from Awgust 1oat the time of
the onsel of meningitis, In any case of meningitis,
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the prohability of ABM versus AVM (pABM)
could cither be calculated according to the logis-
lie: model cguation or estimated from a nomo-
gram derived from this model, given the value of
the lour diagnestic parameters (6). The complete
mathematical cxpression of Spanos” model was as
[ealfrrwes,

pABM = Lwhere

[' +L'--]‘:I
1.= 11.52 x number of menths irom August |
— 12,76 x CS5F-blood glucose ratio {if ratio
exceeds (L0 use i) ;
| .341 x (PMNs in CS1 x 1071
229 x age 2T (if age S1 year),
2.7 xage | 7.79(1( 1 year < age < 2 years).
~(L 139 x ape 4 2,69 (if 2 years < age 22 years) or
A0 HWY e = 300 (if age > 22 years),

}D.'I“

IT the Gram stan was positive, a probability of
0 s assumed,

The aims of Hur study were to validate the maodel
of Spanos et al, (6) on 4 new sample of paticnis
with meningitis, as suggested by these authons
wheo urged that their model should be validated in
other hospitals; and to perform an independent
multivariate logistic regression analysis with an
objective ol determining the mos! accurate comne
bination of parameters for predicting the likcli-
hood of bacterial menmgitis.

Materials and Methods

We reviewed the chares ol all patients with o final diag-
nosis ol aeule meningitis hospitolized in the Depariment
of Infections Diseases of the Lniversity of Naney Medical
{lenter, Mancy, France, belween August 1983 und Decem
ber 1991, Cases of meningitis were sought aut hy the
coded diagnoses assigned to cach patient file wsing =
computer-assisted research. Like Spanos et al (6), we
selected cases of community-acquired acutc meningits
that ocenrered in paticots older than one menth, Cases
secondury (o neurosuepical procedures, cases of neaplas-
Licor tuberculous meningitis and those with mizsing basic
CBT {eell comnt, protein and glucose) data snd Dived
parameler daln peeded for multivariate analysis were
excluded a priori, Conversely, we retained cascs for which
oulpaticnt antibioliv lrealment was given prior to admis-
sica, both 1o fit Spanos’ selection critéria and beeauzc
this i3 a common [ealure al presentation. We alen vsed
the same dingnostic criteris as Spanos.

Coses wers categorizedas ARBM if an approprate ctiologic
bacterium was cultured from C8F o1 blood or if bacterial
antigen was demonstrated in patients” CSF Mood orurine
by latex spelutinalion, Cuses were categorized as AV
il & virus wos isolated from colture (on human dipleid
tibroblasts) of blood, stoel or C5F or il the discharge
Jdiagnesis was viral meningitis and no etiology other than
viral infcction was found and noe antibolics were given

for the rreatmeant of meningios: Uases that could be cale-
gorized neither us ABM nor as AVM acearding to thess
definitivns were considered of uncartain atiolory and
were noither considered For Spanus’ muode] volidabion
nor for building vur model,

Frown the mitial database that contained 300 cases of
meningitis, 102 cases (20497 were calegorized by
meningitis ¢l gneerlain eliology, CSF Gram staio was
negutive i all these cases. In hotise antibintics had been
given prior to lumbar puncrure to 449 % of those LK
paticnis 8y compared w27 % of ABM cases ond 21 %
of AVM cases (p < 00001} OF the 198 remaining cases,
115 were AT and 2853 wore AVM. The Uwocgroups were
compired for Uieit iain chorocteristics using chi-square
(%1 and Kann-Whitney rank-fum tests for quabitutive
and guantibslive variubles, respectively:

For cach case of mentngiliy, we calulated the probability
ul ABM wersus AVM (pADM) according o Spancs’
mosdel For the validation of this model, we caleulaled
the scnsitivity, spealicity, pogitive (PPVY aod oegative
(NPVY predictive values of the madel farditferent cit-oll
points of pADRM, Hesults of these caloulutions wuere dis-
played on i receiver opelating chatacteristies curve
(ROC curve) (8) whase aren under the corve (AL
was then caloulated wecording to the cank-sun lest
method (%), We then performad o stepwise repgression
analysis (entering and removin® Jimis cogual to U0 bod
(s, respoctively) on e wliols satiple of cases sinee nin
dute were missing for any of the U8 cages (1), 1he
anatysis was based on the following vuriobbes: age, qooth
of otiset, Blood leukoovre count, blood plucose level, {251
plucase level, CsFiblood glucose rutiv, CSF protein level,
total and differentiel CSF leukocyte count and toral C5T
polvmorphonuclear cell count, As did Spaoes el al. (6),
we entered the vartable month ws the nuoiber ol meonths
from the estimuled peak icidence of AVM {August 1)
and the glicose ratio as follows: (CSF plucose +
L1 mmoklyibload glucose + 0L mmell). Tolsl CSF
lewkooyte count and total CSF palymorphonuclear count
were entersd inte the model iy 2 shghtly modidied Lorm
([integer[C8F-cell count/LHO] 1 05)x100% in  order 1o
decrease the number of covariate patterns tor these two
variahles. As 2 rosult, all values witkin the same hendred
wele assigieed the mean value of the hundred, Foe ex-
ample, CSF leukocyte count values of 230 & 1041 and
T x 10 were both wssizoned the mean value 250 ¢ 1051,
We did not enter the variable race because all but rhraa
patiants were- Ualcasians.

&% wea did for the validation of -Spanos” model, we cul-
culated sensitivily, specificity, PPY and NPV of our 1o
gistic model for various cutpaints of pATM and builta
RO enrve whiose ALC was caleulated and compared
e AUC of Spunos’ model [11). Finally we assessed ths
accuracy of both Spanas’ and our model in two subaroups
of ABM. those with ©3F positive on divect Gram stain
and those with CSF negative on direct Gramestain.

All the computations were performed using softwarc
from BMDF Stalistival Sullware, USA

Results

Patients’ characteristics and blood and CSF [ingd-
ings tor both ABM and AVM cases are presented
and compared in Table 1. For all studicd paramie-
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Table 1: Fabenls' characlenstics and blood and CSF lindings in casas of bactarial and viral manin-
gitis. Quaniilative variables are expressed as maan with standard deviation and range in brackels,

Baclanial momngls

(=114}
Ago [yoars) 337 « 23.2. (0.1-83)
GEandar (MF) EO/EE
1 eikasyte count {10%) 129=10.1 (4.5-827)
PN naunt (10%1) 16,3201 (39-50.9)
Parcan PNz 827 =130 (10.0-940)
Rlend glucosa {mmell) Ga-48 (24-330)

CAT leukacyte count {1077)
CEF PRMN counl (10"

Hurcon! PN in LSF A36 =244 (0=100)

CEF patein (gd) 3630 [(0.2-20.0)
CEF plucaen (mmcld) 21222 (0-102)
CAFibeod glucose ratio 0.2=03 (001 -2:3]

4090 = 5000 [2.0-3KXHI)
4750 = ROPE (D=FET00)

Viral maningitis Pualua*
(n=283)
18.0 £ 13.6 (1-568) « .00
1BE115 014
HO+34 [28-254) = 10m
62130 1.F=17.0) = 0001
fif 3+ 130 (27 0=81.0} =000
53 +1.2 [27-R.6) = 000
A1 F 400 [G=3500) -4.,000 |
G611 (0-1260) =.000]
26,9 £ 29,3 (0-05) < 00
Q5 +03 [(G07-2.4) <0001
JE0E: (1140 < L0m
05202 [02=1.3) < 0001

*p value Lf Murn-Wihilngy 161 for e emparieen of quanttative varables and of Paaraon’s chi-square lest for

geider,

ters butl pender, wie showed @ strongly sienificant
dilference between ATRM and AVM cuses. How:
ever, all of these parameters had g wide distrilu-
ton range often with o laree overlap between
ABRM and AVM, The distribution of month of
onsel was also quite different Tor ABM (peak -
cidenee in January, Febroary and Marel) than (o
AVM (peak incidence in Jume, July and August)
Among the 115 ABM cases, 95 (83 %) had a pose-
lHve CSF eullure, 12 had positive CSF Gram stain
and CSF anligen lates appelutination tests, and 8
had only a positive CSF antipen lalex agplutina-
lion test, CSI Gram stain was negative in 3 of the
115 ABM cases (46 %), The 62 positive Gram
staing included 30 gram-positive cocel, 24 pram-
negative coccl, 7 gram-nepalive rods and | gram-
positive rad, The microornisms responsible for
the 95 cullure-prowven  eases  wore Neoseria
meninpndis (n— 33}, Streprococcis preamaonive
fn—26), Listeriv  monocyingenes (n = 11),
Haemaphilus  influenzar (n — 1)) and others
fn — 15}, The 20 microorganisms identified by a
positive antigen lalex agplulinalion result were
Streptococcus  prewmonize (no= 12, Neiwseria
meningiridis (1 — 3) and Heemophilus influenzue
fn =23} Iwelve of these microorganisms were slso
detected by 51 Gram stain, The breakdown of
cases into categories of ALRM is shownin Table 2

Sunsilivily, specificity and predictive values of
Spanos’ model for different cut-off points of
prABM are displayed in Table 3. In the prediction
of bacterial meningitis, a high sensiivity and a
high NPV are the most important criteria. In an
additional search for good specificity and positive
predictive value, the cut-ott point .1 for pABM s
associated with sensitivity and NPV values of 97 %
and 99 %, respectively, amd with g spealicity and

PPV of 82 % and 68 %, respectively, In other
waords, for a patient whose Spanos’ model derive
pABM 15 lower than 0.1, one might rule oul the
diagnosis of ABM with anly a 1 % chunce ol er-
roneous diagnosis, A cut-off point ol 0.2 ollers
better specificity and PPV for o very mill
decrease of NPV which remains as high as 98 %
Our regression procedure resulted in the identtl
cation of fow Jdifferent independent variables,
These were C8F protein level, total CSE poly-
muorphonuelcar count, Maod glucose level and
leukoeyte count, The complete mathematical ¢x-
pression of our model was ax follows:
PABM = |
Y

.- 32,13x 10~ x CSF PMN cuunt{lU“a‘l}

+2.363x CSF protein (g/1)

+ (16143 1« blood glucose (mmol/1) "

+ (L2086  white blood cell count (107713 -1 1.

Ly where

The value of the Hosmer-Lemeshow poodness-
of-fit staustc (10) computed with BMDT LR
program 15 434, and its corresponding p-value
computed with the chi-square distribution s .71
This indicates that the model fits quite well (10).
Sensitivity, specificity and predictive values of our
model for the same cut-off points as defined for
Spanos’ model are displayed in Table 3. Using
cut-off point of 0.1 pADLM Is associated with sen-
sitvity and NPV values identical to those found
with Spanos’ modal for the same cut-aff poini,
Muoreover, using this cut-off point, PPV is as high
as 859, A cutpoint of 0.2 s associated wilh s
higher PT'V. 90 %, only counlerbalancad bya | %
reduction of NPV, Areas under ROC curves were
0.881 and 0.991 in Spanas’ mode] and our medel,
respectively, not significantly dilferent lvem cacly
othar,
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B : We then focused our attention on the subgroup of
L e % o %; ABM with neparive Gram stain, which s prab-
§ 3 i i i i M ably the most difficult diagrostic situation, We
SER=SZ28822 applied both models to this subgroup and to
T i Gram stain positive ABM cases, The results of
L this analysis are displaved m Table 4, The same
s Lo N proportion of patients received in-house antibiot:
B =z ;_? Q%o ics prior to lumbar puncture in both subgroups,
e e i :f E . Laboratory data tended to be less specific for
ER2RE8ERS ABM cases with negative Gram stain than in
g [P cases with positive Gram stain. Calculated
o pABMs were significantly greater in Gram stain
positive cases. In this subgroup, all the yvalues ol
= 2 pABR were equal to U9 using Spancs’ model, in
EoirndT2ow which all cases with Gram positive stain were as-
z6 ARL2g2 0 signed this value. Using our model which did not
|FE > i = Ej.': B L.‘,, E‘j_, . presuppose the H‘:I.iul: ol pABM in Gram stain
I Lalh ik rn el positive cases, we found a mean pABM value ol
(.97, In cases with negative Gram stain, the mean

- pABM value was 043 tor both models, signibi-
- (Fs ] % a Foy
E la@Saa A cantly lower than in (iram stain positive cases

i g e $ g‘ b E {p=0.03), However, when applying the models to

§‘ b =, E o H N ; F'} g the only cases of Gram stain negative ALM, the

e |F%|laan W negative predictive value caleulated for the cul-

ad - 7 - - - - r ,

o |4 aff point pABM = 0.1 was 0,99, equal to that cal-

Eo* culated when applying the models to the whole

iy

d |5 group of ABM,

T |a S mommom

B|BS ddddddr

8 |2 E|pe o ¢@woig

g |Z2E|d o= ae o

P - R ; :

g |2 Driscussion

=]

i [

= |§ |memrmomos At first the present study confirmed that difteren-

| w i r 5 ; v

£ E:‘" E iy f E ﬁ tiating AVM from ABM 1s often a ditficult task,

‘E' 223 E G D since in our initial series of 504 cases, 2U % could

E [g=izegna - neither be categorized as ABM nor as AVM ac-

=l T cording to the case definition used. In most of

2 these cases the final diagnosis had remained un-

5 g

%’“ = certgin hecause the patients were given antibiotics

i E 2= 2 Tmk, for thie treatment of Gram stain negative and cul-

% |E = E o i Lz turc-negative meningitis, We feel that this per-

2 |3 E 2 % = % % B centage of 200 % s a pood reflection of the propor-

B = tion of patients with acute meningitis in whom the

x 1 &

g differential diagnosis is problematic (1), To ap-

W, praize whether the exclusion of these 102 cases

7] =] % [P I = O = = O o R 1 -1 ] "

S |8 | preEmTg might have biased our results, we compared them

E : e ABM and AVM definite cases. The sex ratio

= was noi different within the three groups. For

= W such guantitative variables as age. €5F and blood

o %“ = laboratory parameters, cases with uncertain eti-

i EEcLS & ology had mean values between those found in

e ERERE T ABM and AVM cases and a wide range overlap-

" sEfg E85 ping those of ABM and AVM cases. This was also

3 -E-_E SEIBT the case for model derived pADBMs (Table 5),

& o = either Spanos’ or ours, whose distributions wers



ol 14, 1995

Table 3: Sensitivity, specificity, posiive and negalive predictive values of Spanos' model and aur mode| for differant cut-att
points ot tha model-derived probability of bacterial versus viral maningitis (pABNML

Spance' moded Fresent medel

PR Sansiivity  Specificity Fosilive Hegaive Sensiflvity  Spacilicity Pasitlve Negative

%) [5h predictive prafictive (&) (%] oredictive prediglive

valua (%) value %) wilue %) walue (%)
(104 HT ] 55 79 by AT 78 a5
04176 =1 70 Ea 41 97 1] ] a3
0.1 o7 a2 Bl a4 G7 23 B a9
0.2 o5 a2 B3 ] i 25 20 a5
0.3 i hd RA a8 31 a7 Gz a7y
0.4 Ud Rh ik 28 33 on 95 B
0.5 ta ar 22 58 L 99 el L F
04 [z BT 93 or 1) a4 s HE
. a0 og 95 . oy Wi a7 95
0.8 ] an L] fib av a0 100 g5
0.9 05 a4 L] firk Ai 1Q0 o0 95
0.85 ik 104 100 ] a4 100 {[+8] a4
(.99 17 10 100 -H gl 100 100 o3

Tabla 4: Propodion ol palients teated willonebouse antiboglics prior o lumBar puncturs {pre-treated),
labsarslony lindings (medianirange) and model-dedved probabllity of hactarial varsus viral meaningilis
(PABM) in the 62 cases of gram-positive CSF and the 53 cases of gram-negative TSF bacterial

rmEnincits

GirRm stain pasiive Gram gtaln negative P yvulug”
in=062) (=53]
Pra-reaed, nis) 18 (285 15 [28%) a7
Leukpoyle courd {x 104 R e B 17 084 527 0.08
Blood gluoyse levgl (mimold) AR 350 TE24=24.2 a2
LSF loukooyle count {x 10°1) 4.9/0 12-225 2.000.002-30.0 Q.04
CSF PRM caun {1 079} A5/ 006252 1.7/0-29.7 Q.04
CAF protain (g4) 3 20.6-15.7 2.210.2-20 .08
CSF glucoss (mmalt) 1 30=53 1:80-10.2 0.0
Apanns' pABRM, mean (rangs) 0,953 {0.95-0.99) 0.83(0.007-1.0) 0oy
Prazent pABM, meen (range) 0.97 (0.06—1.00) DE3 0011 1) (.03

" Mann Whilnsy rank-sum eeT unses spacified stharwsa,

U Pesreon's chil-equarse 1881,

“t faet for tha companson of sample meen o expecied mean

both clearly bimodal, with one mede for pABM
values lewer than 001 amd & sceond mode for
pABM values preater than 0.9, We can thersfore
reasonably assume that cases with uncertain ei-
oloey included viral and bacterial meningitis ina
proportion nol very tifferent froan that of the 398
cases with definite thagnesis. As aresult, if a blas
had been introdoced by our analysis process, i
should have heen only mino.

W then showed ence again that no single para-
muater could rule out the diagnosis of bacterial
meningitis since the distribution of all but one of
the CSF parameters tested overlapped the entire
range of values found in AVM. The exception
concerned CSF protein level for which some
values found in AVM were lower than the lowest
value found mm ABM. Among blood paramefers

this was also the case for leukocyte count and
PMN count, Not surprisingly, CSF protein level
and leukocvie count were retained in the multi-
variate model

In a further step we vahdated Spanos’ model on a
new, large and independent sample ot patients
with acute meningits. We confirmed that pABM,
the parameter genaratad by Spanos’ model, could
be used as an accurate diagnostic lest since Lhe
area under ROC curve for thiy parameler was
very close to 1, even higher than thal found hy
Spanos et al. in their test sample. For the cul-off
potnt pADBM = 0.1, sensitivity and NPV ol the
maodel were quite high. Specificily way only 82 %,
meaning that for this cut-off point, up o 18 % of
AVM cases would be categorizod as ABM acs
cording to Spanos” model Tooour model, Tor the
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Table 5: Weanvalues andrange of probabiliy of bactenal versus viral meningitis (pABM) according to
Spanus mods and ours, for proven cases of bacterial and viral meningitis as well asforcases of incer-

tainetiology.
pABM Bacioral moturghs Virat maningitis LImcartain
[n=115) (n=733) I =1032)
Spannoes madal
mean a2 007 03
range D.oo7-1 Q0003-0.93 0 (e -1
Freuent modol
imenn 0. 0.04 0.35
ranme 0.01-1 0.0006-0.80 0.1

samcnl=o0 point pABM = (L1, we found roughly
e sarme sensilivity and NPV values, whereas
specilicily wias betler sinee less than 7 % of AVM
woere caleporizad ARM, However, it should be
mentioned that caleulating sensitivity, specificity,
predictive values and area under the ROC curve
of our model on e same data set used 1o bulld it
mav artilicially Tavor one model, These perform
ance indexes might well deerease iF owr model
were (esled with idependent dsta, as 1l was for
ot validation ol Spanos” model.

With hoth models, 3 of 115 patients with ABM
had i pARM walne lower than 0.1 The responsible
palhogens  woere  Streplococces prcumioniac,
Haemaophitus  infTuenzae and  Staphviococens
epiderniidis, In all three patients, pABMs were
calculated Based on the resulis ol the fist C8F ex-
amination, as planned in the desipn of the study
In these patients, the Mirst Tumbear ap was done
carly in the course of the disease and wis not sug-
pestive of hactorial meningitis at that time, A sec-
ond lumbiar lap, performoed within 24 howrs of the
first one, was then lypical of bacleris] meningitis,

We found that both predictive models aceursiely
differentialed ABM [rom AVM 10 the subgroup
ol ABM with negalive Gram stain i which differ-
enlial disgmosis is the maost difficult, The diagne-
gis o ABM can be ruled oot with goed confidsncs
{1 % chanee of croor) innegative Gram stain
moeningitis when model derived pABM s equal to
01 o lineer,

The fact that the distribution of causative micro-
snpanisms in ABM was different in our series as
comparcd 1o Spanes’ (more N meningindis and
less H. influenzae) does not seem to have altered
the validity of the clinical prediction rule.

All four vanables retamned in our model were
laboratory parameters obtained from patient’s
blood or CS1" immediately after his or her admis-
sion to hospital. They were independent of the

patient’s age and month of onset. In f:l('-!,:ill:h“l]i_',h
the likelihood of developing a bucterial versus
viral meningitis does vary with the period of the
vear, it seems odd that, once defined by its clinical
and laboratory characteristics, the diagnosis of
meningitis could switch from viral to bacterial de-
pending on the month of onset. An advaniage of
not using the date of onset in the model is that the
clinical prediction rule could be used anywhere in
the world, not just in the northern hemisphere.

Lhe tollowing case report illusirates Lhis Fact A
SSvear-old woman was admitted on 12 Novembier
1992 with acute meningitis, Tritial lumbar pune-
ture showed 310 leukoeytes/mm? with 95 % lym-
phoeytes, protein and glucose levels af 008 1] wnd
2,04 mmold, respectively. CSF Giram stain was
negative, Blood leukooyle count was 4.6 x L3441
and blood glucose level was 3.61 mmolil. She was
treated with anubtonics. Two days after admission
she developed herpes zoster. Later on CSF viral
culiures grew varicella-zoster virus. The calcu-
lated pABM values according to Spanos’ model
and our model were 0.62 and 001, respectively.
Should the same patient have presented an iden-
tical zoster meningitis i August, her Spanos’
pABM would have been 0.320 Owing to the re-
sults of our model (pALM = 0.01), one mighi
have decided not to treat the patient since nega-
tive predictive value of the model for this cut-all
point is greater than Y9.3 %, Even in the "Avgus!
version,” pABM caleulated according to Spanos’
model was to0 high torruling out the diagnosis of
ABM. This 15 probably due to the palient’s age. al
which 2 bacterial meningitis 15 more likely (o
occur than aviral one: '

{ZSF polymorphomuclear count was the only vari-
able common (o both Spanos’ model and ours. In
our model this variable predicted ABM Detter
than either the pereentage af pelymorphonuclear
cells in the OSF or the total OSF leukocyte count.
This may not be surprising since it 15 the product
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of the two. Nye el al. (12) has previously shown
that CSF differential lTenkoeyie countwas a betier
guide 1o diagnosis than the Lotal count. However,
they did not appraise the diagnostic value of the
total polymorphonuclear cell count.

CSF protein level was the first step-catered para-
muter of the model, Adter this first repression
step, OSF plucose level and CSP/blood glucose
ralio dramatically lost capability of improving the
madel while this was not the case for blood glu-
cose Jevel, e cxplanation i that CSIF glucose 1
stromply inversely correlated to CSE protein, as
evidenced in our series (= 0416, p < 0.001). In
addition, hlosd plucose level whichis known to be
alevated in ABM (12, 13) appeared in this study
as an independent predictor of bactenal menin-
pilis, irrespective of CS1 glucose level.

Uhe results of por stdy support the accuracy ol
Spanes” model. Alhougl we found another
mcdel Prased on slightly different vanables, we
can consider that this approach ol combining
basie, routinely and immediately available para-
melers iv clinically valualde, Other mvestigators
have previouslvidemonstrated that a combination
of parameters is omuch more helpful than any
single paramater (2, 12). The multivanate model
provides a valuahle aid in differenuating AVM
from ABM with hoth hiph nepative and positive
predictive values and conscyuently with good
contidence, The prodictor pABM proved accu-
rale in excluding baelerial in favor of viral
meningitis, So far, no single CSF o Bood para-
meter could achieve this poal although the
reverse (excluding viral in favor of bBacterial
meningitis) was quile possible

Recently McKinney et al. {14) have alsovalidated
Spanos’ model on a retrospective serics of 62
ABM cases and Y8 AVM cases which originated
from five hospitals in Dallas, Texss, and Mil-
waukee, Wisconsin, USA. They showed that the
clinical prediction rule proved robust when ap-
plied to a geographically distinct population of
adults, irrespective of patients” age.

Hawever, both Spanos’ model and ours should be
further validated in & prospective appraisal of
their contribution to therapeutic decision
making. We started such an evaluation in gur in-
stitution, as illustrated in the following case re-
porl, A 32-year-old male doctor complained of
fever, headache and vomiting for aboutl 12 hours
when he was admitted to our hospital on 15 JTune,
1992, [lis neck was stiff, Lumbar fap revealed =
slightly cloudy CSF containing: leukoeytes 700 «
1o (PMMN = 75 %), protein 043 pf glocose

3.5 mmolf, Bload leukocyte count was 6.3 % 1071,
and serum glucose was 7 mmol/1 CSF Gram stain
was negative. On one hand the patient had no
clinical evidence of ABM, but on the other hand
sl was cloudy amd contained  more than
SO0 x 107 PMNA, Calenlated pABM according to
Spanos’ model and ours was 0.065 and 0.069 re-
spectively, both tar lower than 010, the value of
pABM associated with a NI'V of 9% %, W hy-
pothesized that the patient had AVM with pre-
dominant PMN i CSF due lo carly lumbar Lap.
Accordingly, we decided to delay the administia-
tion of antibiotics. The patient bucame afehrile
without treatment and 48 hours afler adimission,
lumbar tap showed a clear CSF conlaining
S x 10" lymphocytes!l, The diagnosis of AV
was accepted, although CSF wviral cullure re-
mained negative, and the patient was discharged
on the fourth dav.

In this case report, the mode] provided an aid in
deciding not 1o treal the paticnt, The pABM cut
olt point value that allows ruling out the diagnosis
of bacterial meningitis may be chosen individu-
ally by cach clintcian, according to the NPY as-
soctated with g given pABM. Tn owr ongoing pro-
spective study, we considered that 2 pABM value
equal to 0,10 might be an aceurate cul-off point,
both discriminant and harmless sinee it is as-
sociated with a NPV equal 1o 99 %, For adifler-
ent management strategy, other cliniciuns mighl
chaose ather cutpoint values using the dala given
in Table 3.

Finally, we share the opinion of Spanos ctal. (6)
that 2 probabilite is only 3 probabilily, not the
final answer. We likewise recommend that pARM
should be regarded as one piece of diapnostic
information among others and should never be
substituted entirely for u caraful dizgnostic cvalu-
ation of each individual case,
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