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ABSTRACT 

Despite recent innovations in the laboratory diagnosis of bacterial from non

bacterial meningitis, solid data-necessary for early determination of bacterial men

ingitis (BM) before organism growth in the culture medium-are missing. There

fore cerebrospinal fluid (CSF) lactate levels were evaluated as a possible means 

of differentiating the two clinical entities. This was a retrospective study. Patients 

were studied in one year. They were divided into three groups: Group one in

cluded 10 patients with culture positive meningitis; Group two included 10 pa

tients with culture negative meningitis compatible with a viral etiology; Group 

three consisted of 10 febrile children without any biochemical or cytological CSF 

abnormality as the normal controls. 

CSF lactate level determinations were made enzymatically with Boehringer 

Mannheim reagents in addition to the formal biochemical and cytological inves

tigations, consisting of cell counts and differential plus glucose and protein levels 

and CSFlblood glucose ratio in all three groups. Group one had a mean CSF 

lactate level of 12.90 (±3.08) mmol/L, while in groups 2 and 3 the level was 1.89 
(± 0.52) mmoLIl and 1.63 (±0.31) mmollL respectively. Lactate levels were sig

nificantly higher in patients from group one with respect to the control group (p= 

0.001) whereas there were no significant differences between group 2 and the 

control group. Regarding temporal profile of CSF markers and considering the 

rapid rise in CSF lactate levels in bacterial meningitis, its measurement seems 

appealing to confirm a bacterial etiology instead of awaiting the results of CSF 

culture. 
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INTRODUCTION 

Lactate in spinal fluid normally parallels blood lev
els. In case of biochemical alterations in the central ner-
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vous system, however, CSF lactate values change inde
pendently of blood values. Increased eSF levels are seen 
in intracranial hemorrhage, epilepsy, bacterial meningi
tis, tuberculous meningitis and other eNS disorders, also 
the presence of white blood cells in eSF may cause an 
increase in lactate. However, when incubated in eSF, 
white blood cells produce little lactate. In addition, the 
increase in eSF lactate observed in whom a paucity of 
white blood cells is the usual finding, is not explained 
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CSF Lactate for Diagnosis of BM & NBM 

by the hypothesis. Moreover, the presence of red blood 
cells in CSF, as occurs in subarachnoid hemorrhage, 
greatly increases lactate levels in CSF! 

Despite recent innovations in laboratory diagnosis of 
bacterial from non-bacterial meningitis, solid data nec
essary for early determination of bacterial meningitis 
(BM) before organism growth in the culture medium are 
missing. Therefore cerebrospinal fluid (CSF) lactate lev
els were evaluated as a possible means of differentiating 
the two clinical entities. 

Physicians may not always be able to differentiate 
bacterial from non-bacterial meningitis (NBM) on clini
cal grounds. Even when the total and differential CSF 
leukocyte counts and bacterial Gram staining are per
formed it may still be impossible to differentiate between 
bacterial and non bacterial meningitis. For example there 
are cases where the patient has partially treated menin
gitis, resulting in negative Gram stain and culture results. 
Furthermore, the total CSF leukocyte count may be low 
during the early phase of bacterial meningitis. On the 
other hand, the CSF may show a predominance of poly
morphonuclear leukocytes in the early stage of non-bac
terial meningitis. Therefore these tests have their limita
tions.2 

Biochemical measurements of CSF protein and glu
cose as well as the CSF/blood glucose ratio can be used 
to distinguish bacterial from non-bacterial meningitis.3 
However, these chemical tests are not truly specific for 
bacterial meningitis. A reduction in CSF glucose and the 
CSF/blood glucose ratio or an increase in CSF protein 
concentration may occur in conditions other than bacte
rial meningitis. Biochemical measurements can not be 
used when bacterial meningitis has been partially treated. 
Although the combined findings from CSF cytology, 
culture, glucose and protein determination are often suf
ficient to establish or refute a diagnosis of bacterial men
ingitis, several other adjuvant biochemical markers have 
been investigated; the best studied of these is lactate.4 

CSF lactate determination has been accepted as a 
means of differentiating between bacterial and non-bac
terial meningitis. Therefore we compared the reliability 
of CSF lactate with the total and differential CSF leuko
cyte counts, bacterial Gram stain, culture, protein and 
glucose levels, and the CSF/blood glucose ratio in dif
ferentiating bacterial from non-bacterial meningitis. 

MATERIAL AND METHODS 

In a retrospective study 30 patients were chosen from 
the children admitted to University hospitals in Tehran, 
Iran from July 1999 to June 2000. The children were 
between 1-13 years of age. Those children that were with 
a suspected infection of the central nervous system (CNS) 
were enrolled in this study. The children were divided in 
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to 3 groups: Group one included 10 children that had 
bacterial meningitis (BM) verified by positive Gram 
staining and positive cultures. Group two included 10 
children with non-bacterial meningitis verified by nega
tive bacterial cultures compatible with a viral etiology 
and group three consisted of 10 febrile children without 
any biochemical and cytological CSF abnormality as 
normal controls. CSF samples were collected immedi
ately after admission via lumbar puncture (LP). 

Gram staining for bacteria, bacterial cultures, total 
and differential leukocyte counts as well as CSF protein 
and glucose determinations were performed using stan
dard laboratory techniques. 

Glucose Was measured by an enzymatic method (glu
cose oxidase) within 30 min of sample collection.2 

The CSF protein was measured according to the tur
bidimetric method of Kingsbury.5 

Lactate determinations were made enzymatically with 
reagents obtained from Boehringer Mannheim AG, Ger
many, according to the method of Noll. 6 

The lowest detectable lactate, glucose and protein 
concentrations were 1.2 mmollL, 8mg/dL and Smg/dL 
respectively. The upper limits of the health reference 
intervals for CSF were taken as 3 mmol/L for lactate, 40 
mg/dL for glucose and SOmg/dL for protein. 

Statistical methods 
Statistical analysis was performed using Student's t

test. Whenever the levels of glucose or protein were not 
detectable the concentration was regarded as zero in sta
tistical analysis.4 

RESULTS 

The results of the different chemical tests on CSF from 
the 3 study groups are illustrated in Table I. The results 
obtained from patients with bacterial meningitis (before 
antibiotic treatment) are shown, as well as the results 
from patients with non-bacterial meningitis (NBM) and 
from the control group. The discrimination limits were: 
glucose < 40mg/dL; CSF/blood glucose ratio < 0.3; pro
tein> 50mg/dL; lactate >3 mmollL. 

The sensitivity, specificity and efficiency of all 8 tests 
were calculated. For the first lumbar puncture (LP), the 
values are presented in Table II. 

On admission CSF lactate determination was the most 
sensitive and also the most efficient test, i.e. the single 
test, the value of the tests was hampered by their low 
sensitivity. 

All patients with bacterial meningitis had a mean CSF 
lactate level over 12.90 mmollL. Patients with non-bac
terial meningitis had a mean CSF lactate level over 1.89 
mmollL. The control group had a mean CSF lactate level 
over 1.63 mmol/L. 
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Table I: The results of chemical tests on CSF in patients with bacterial (before antibiotic treatment) and non-bacterial 
meningitis and in controls. 

Variable Groups No. of cases Mean±SD Results of t-test Range 
BM and NBM 

WBC BM 10 11155 ± 10216 p < 0.005 450-31000 
NBM 10 304 ± 296 t= 3.2 50-970 
Control 10 1.3 ± 1.1 0-3 

%PMNs BM 10 96.5 ± 1.35 p <0.005 95-98 
NBM 10 41.5 ± 38.2 t=4.2 2-90 
Control 10 l.3±1.1 -

Concentration of BM 10 30 ± 20.7 p< 0.005 10 - 78 
glucose (mg/dL) NBM 10 48.3 ± 18.5 t=2.17 8 - 77 

Control 10 59.4 ± 21 28 - 90 
CSF/ blood BM 10 0.27 ± 0.19 p<0.005 0.1 - 0.68 
glucose ratio NBM 10 0.54 ± 0.14 t= 3.33 0.19 - 0.77 

Control 10 0.68 ± 0.27 0.28 - 1.04 
Concentration of BM 10 110.6 ± 71.7 p<0.005 31 - 225 
protein (mg/dL) NBM 10 29.2 ± 22.2 t=3.02 10 - 80 

Control 10 7.7 ± 1.9 5 - 11 
Concentration of BM 10 12.90 ± 3.08 p=O.OOI 4.8 - 16 
lactate (mmollL) NBM 10 1.89 ± 0.52 t= 10.1 1.2 - 2.9 

Control 10 1.63 ± 0.31 1.2 - 2.1 

Table II: The sensitivity, specificity, predictive values, efficiency of CSF findings in differentiating 10 cases of bacterial 
meningitis and 10 cases of non- bacterial meningitis. 

Variable Limit Sensitivity 

No. (%) 

WBC Count >500 �L 9/10 (90) 
PMN >60% 10/1 0 (100) 
Concentration of ; 

Glucose <40 mg/dL 7/10 (70) 
CSFIBIood glucose <0.3 7/10 (70) 

Protein >50 mg/dL 7/10 (70) 
Lactate >3 mmol/L 10/10 (100) 

Result of culture + or - 6110 (60) 
Result of Gram stain + or - 7/10 (70) 

Lactate levels were significantly higher in patients 
from group one with respect to the control group (p= 
0.00 I); whereas the levels in non-bacterial meningitis 
did not show a significant difference from the control 
group. Bacterial Gram staining, culture and lactate de
termination all had 100% specificity and predictive value 
of positive tests in differentiating between bacterial and 
non-bacterial meningitis, although the sensitivity was 
rather low (Table II). On the other hand, the CSF lactate 
concentration proved to be both sensitive and specific in 

Predictive value Efficiency 
Specificity Positive Negative No. (%) 
No. (%) test test 

No. (%) No. (%) 
8/10 (80) 9/11 (81.8) 8/9 (88.8) 17/20 (85) 
6/10 (60) 10/14 (71.4) 6/6(100) 16/20 (80) 

8/10 (80) 7/9 (77.7) 8111 (72.7) 15/20 (75) 
9/10 (90) 7/8 (87.5) 9/12 (75) 16/20 (80) 
8/10 (80) 7/9 (77.7) 8/11(72.7) 15/20 (75) 
10/10 (100) 10/10 (100) 10/10(100) 20/20 (100) 
10/10 (100) 6/6 (100) 10114(71.4) 16/20 (80) 
10/1 0 (100) 717 (100) 10113 (76.9) 17/20 (85) 
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this differentiation. 
Patient characteristics and the results of chemical tests 

on CSF in controls, NBM, and BM groups are illustrated 
in Tables III, IV, and V. 

DISCUSSION 

The lactate within cerebrospinal fluid in bacterial 
meningitis (BM) originates from different sources. The 
main source of lactate in BM is brain tissue, including 
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Table III: Patient characteristics and the results of chemical tests on CSF in the control group. 

No. Age (y) Sex WBC(�) 

1 6 M 2 

2 2 M -

3 10 F 1 

4 3 F -

5 9 F -

6 1 M 3 

7 1 M 2 

8 7 F -

9 2 M -

10 2 M 2 

Mean 4.3±3.2 - 2±0.63 
±SD 

Concentration of 

PNMs (glucose) and (protein) 

% (mgldL) 

- (77) (6) 

- (58) (8) 

- (50) (7) 

- (57) (9) 

- (90) (10) 

- (28) (6) 

- (85) (11) 

- (60) (9) 
- (64) (6) 
- (61) (5) 

2±0.63 63±17.8 7.7± 1.9 

Concentration 
of lactate 

(nunoIIL) 

1.7 

1.6 

1.6 

1.6 

1.4 

1.7 

1.2 

2.1 

2.2 
1.2 

1.63±0.31 

.. 

. .  

CSFlblood 

glucose ratio 
. . � 

1 

0.63 

0.69 

0.55 

0.77 

0.28 

1.04 

0.74 

0.57 
0.82 

0.71±0.21 

Table IV: Patient characteristics and the results of chemical tests on CSF in non-bacterial meningitis (NBM). 

Concentration of Concentration 

No. Age (y) Sex WBC (�L) PNMs (glucose) and (protein) of lactate CSFlblood 

% (mgldL) (mmoIIL) glucose rati( 

I 6 M 370 90 (50) (10) 1.6 0.65 

2 11 M 120 20 (8) (40) 1.9 0.19 

3 3 F 50 80 (38) (21) 2.6 0.5 

4 11 F 270 80 (40) (15) 2.2 0.59 

5 4 F 140 90 (77) (16) 1.2 0.77 

6 7 M 280 10 (50) (14) 1.8 0.47 

7 6 M 650 2 (56) (20) 1.6 0.57 

8 7 F 970 25 (68) (60) 1.9 0.66 

9 5 M 110 3 (46) (80) 1.2 0.48 
10 9 M 170 15 (50) (16) 2.9 0.54 

Mean 6.9±2.6 - 304±296 41.5±38.2 48.3±18.51 29.1±22.24 1.89±0.52 0.54±0.14 
±SD 

Gram Culture 

stain 

- -

- -

- -

- -

- -

- -

- -

- -

- -
- -

- -

Gram Culture 

stain 

N N 

N N 

N N 

N N 

N N 

N N 

N N 

N N 

N N 
N N 

N N 

neurons and glial cells, which produce lactate by dis
tinct mechanisms.7 Bacterial pathogens also produce 
varying amounts of lactate, accounting for approximately 
1 0% of the total CSF lactate in patients with BM.3 

Acute meningitis is a medical emergency that requires 
the utmost in diagnostic and therapeutic skills.8 The death 
rate is about 30 percent. To lower the mortality rate fur
ther will require earlier recognition of meningitis, more 

rapid determination of the most likely etiologic agent 
and initiation of appropriate anti-microbial therapy.9 Cul
ture remains the gold standard of diagnosis for specific 
causes of acute meningitis;lO however it has potential 
drawbacks. 

32 

These include: 
1 - A latent period of 1-2 days for the growth of bac

terial colonies.2 
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Table V: Characteristics of patients and the results of chemical tests on CSF in bacterial meningitis (BM) .. 

Concentration of Concentration 

No. Age (y) Sex WBCQJL) PNMs (glucose) and (protein) of lactate CSFlblood Gram Culture 
% (mg/dL) (mmol\L) glucose ratio stain 

1 2 F 4600 

2 1 F 11000 

3 6 M 6500 

4 6 M 450 

5 13 M 3 1000 

6 10 M 28000 

7 3 M 5000 

8 5 F 6000 

9 4 F 12000 
10 7 M 7000 

Mean 5.65±3.46 - 11155± 10216 
±SD 

*= Gram-negative diplococci 
**= Neisseria meningitides 
***= Gram-positive diplococci 
0= Negative 

T = Pneumonia 
T = �-hemolytic streptococci 
o = Enterobacteriacae 
/:" = Gram-negative bacilli 

97 (22) 

97 (10) 

95 (16) 

98 (78) 

95 (15) 

98 (49) 

98 (25) 

95 ( 18) 

97 (50) 
95 (17) 

96.5±1.3" 30±20.7 

2- Partially treated meningitis patients usually yield 
negative culture results.8 

3- Iatrogenic contamination could yield false posi
tive results. 

4�Different species require different culture media and 
incubators, otherwise yielding false negative results. Lac
tate levels in CSF cannot differentiate the organisms; 
however, it can ascertain a bacterial etiology rapidly and 
equally for various bacteria even if the patient has re
ceived antibacterial treatment.ll 

5- CSF pleocytosis is another useful indicator for pyo
genic meningitis, but it may show an aseptic pattern in 
the early stagel2 and vice versa, this can lead to an erro
neous assumption of the etiology and consequently a 
delay in empirical therapy in up to 30% of patients, while 
CSF lactate levels rise very rapidly, because of early em
ployment of the glycolytic pathway by the offending 
organism's non-oxidative metabolic route. 

CSF glucose and protein levels have been described 
as an adjunct to diagnosis. 11 Although CSF glucose lev
els decline rapidly in bacterial meningitis, however the 
net level is a function of blood sugar which may play a 
role as a confounding factor and at least 4 hours is re
quired for an equilibrium to be achieved. On top of that 
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(137) 15.2 0.2 Dip(-)* N.M.** 

(31) 1 1.2 0.1 Dip(-)* N.M. 

(225) 14.4 0.13 Dip(+)*** N° 

(35) 4.8 0.68 N° N° 

(64) 12.3 0.1 N° N° 

(208) 14 0.4 Dip(-)* Pne T 

(147) 12.1 0.3 N° N° 

( 145) 15.6 0.14 Dip(-)* N.M. 

(74) 13.4 0.15 St StB T 

(40) 16 0.58 B(-)" EntO 

11O.6±71.7 12.90±3.08 0.27±0.19 - -

in some viral meningitides such as mumps and herpes 
simplex, the CSF glucose levels may be lower than ex
pected. 

In summary, this study showed that if the CSF lactate 
level is low, the meningitis has a non-bacterial origin; 
however, if the CSF lactate level is elevated, the menin
gitis is bacterial in origin. It can also be used in the 
detection of partially treated bacterial meningitis. 
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