
Arq Neuropsiquiatr 2001;59(4):843-848

DOSAGE OF LACTATE IN THE CEREBROSPINAL
FLUID IN INFECTIOUS DISEASES OF THE
CENTRAL NERVOUS SYSTEM

Hideraldo Luis Souza Cabeça1, Hélio Rodrigues Gomes2,
Luís dos Ramos Machado3, José Antonio Livramento4

ABSTRACT - This paper analyzes the diagnosis aid of the dosage of lactate in the cerebrospinal fluid (CSF) in
infectious diseases of the central nervous system (CNS). We analyzed prospectively 130 samples of CSF of 116
patients with diagnoses of infectious processes in the CNS. The 130 samples of CSF were divided into five
groups: 28 samples of the control group, 40 of bacterial meningitis, 22 of viral meningitis, 16 of fungal
meningitis and 24 of patients presenting acquired immune deficiency syndrome (AIDS). The concentration of
lactate in the CSF was elevated in the group of patients with bacterial meningitis (average = 46.2 mg/dL),
fungal meningitis (average = 27.3 mg/dL) and in the AIDS group (average = 23.5 mg/dL). In the control group
and viral meningitis group the lactate content in the CSF presented the reference rates according to the
employed method. The lactate dosage in the CSF presented a negative correlation with glycorrhachia and
positive correlation with the cellularity and total proteins of the CSF. We conclude that the lactate dosage in
the CSF, although unspecific, helps to distinguish the infectious processes of the CNS.
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Dosagem de lactato no líquido cefalorraqueano em moléstias infecciosas do sistema nervoso central

RESUMO - O presente estudo tem como objetivo analisar o auxílio diagnóstico da dosagem do lactato no
líquido cefalorraqueano (LCR) em moléstias infecciosas do sistema nervoso central (SNC). Foram estudadas,
de modo prospectivo, 130 amostras de LCR de 116 pacientes com diagnóstico de processos infecciosos do
SNC. As 130 amostras de LCR foram distribuídas em cinco grupos, sendo: 28 amostras controles, 40 meningite
bacteriana, 22 meningite viral, 16 meningite fúngica e 24 pacientes com a síndrome da imunodeficiência
humana adquirida (SIDA). A concentração do lactato no LCR estava elevada no grupo de pacientes com
meningite bacteriana (média=46,20 mg/dL), meningite fúngica (média=27,37 mg/dL) e no grupo SIDA
(média=23,54 mg/dL). Nos grupos controle e de meningite viral o teor de lactato no LCR encontrava-se entre
os valores de referência para o método utilizado. A dosagem do lactato no LCR apresentou correlação negativa
com a glicorraquia, e positiva com a celularidade e proteínas totais do LCR. Em conclusão, a dosagem do
lactato no LCR, apesar de inespecífica, auxilia na distinção entre processos infecciosos do SNC.

PALAVRAS-CHAVE: ácido láctico, líquido cefalorraqueano, infecções do sistema nervoso central.

The study of infectious and inflammatory patholo-
gies of the central nervous system (CNS) has always
raised a great interest from the scientific communi-
ty, for the epidemiological characteristics of some
of them or for the sequelae that they can generate
if not diagnosed and treated in time. The cerebrospi-
nal fluid (CSF) plays a major role in the evaluation of
the natural history, in the diagnosis and in the fol-
low-up of the infectious and inflammatory patholo-
gies of the CNS1-3. In many cases, the routine evalua-
tion of the CSF is not sufficient for diagnosing the

type of meningitis4-6. Menninger, in 1924, found el-
evated values of lactate (LA) in CSF from patients
with bacterial meningitis7. Posner and Plum (1967)
confirm the independence of LA in blood and in CSF
and conclude that the LA in CSF is a good indicator
of the cerebral metabolism7,8. The LA is a product of
the metabolism of the carbohydrates by anaerobic
via. From a molecule of glucose, successive reactions
lead to a production of molecules of pyruvic acid in
the cellular cytoplasm9. In anaerobic conditions the
pyruvic acid turns into LA, by the action of the lac-
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tate dehydrogenase enzyme (LDH) and the nicotina-
mide adenine dinucleotide reductase (NADH2). This
action is reversible so that, if the conditions of oxy-
gen uptake are reestablished the prior reaction in-
vert itself and the LA turns again into pyruvic acid
and this into acetyl Coenzime A, which finally incor-
porates to the Krebs cycle10.

The study of Kleine et al. was primordial for the
improvement of the enzymatic method to determine
the LA in CSF11. Most studies indicate normal con-
tents of LA in CSF until 19mg/dL12,13; in cases of bac-
terial and fungal meningitis the contents of LA would
be higher than 30mg/dL and in viral meningitis infe-
rior to 25mg/dL or contents according to normali-
ty12. When an infectious process occur, the greater
affluence of leukocytes increases the metabolism of
glucose14. Besides, there is a greater anaerobic me-
tabolism, products of arachidonic acid and the lib-
eration of free radicals and liberation of the tumor
necrosis factor-alpha (TNF-α) 15.Hypoglycorrhachia
and the increase of the LA in CSF during meningitis
originate primarily from the increase of the anaero-
bic glycolysis in the subarachnoid space and these
metabolic disorders are induced by the TNF-α and
by the leukocytes16.

This study aims to evaluate the lactate levels in
the CSF of patients with bacterial, viral, fungal men-
ingitis, in the acquired immunodeficiency syndrome
(AIDS) and in control cases, checking the relation-
ship of lactate, cellularity, glucose and total proteins.

METHOD
A total of 130 samples of CSF from 116 patients of

the Medical School of the University of São Paulo, Infec-
tious Nervous System Division were prospectively analyzed
in the time period between May, 1996 and January, 2000.

All the CSF samples were analyzed for total cell count;
cytomorphologic assay; basic biochemical assay (concen-
tration of total proteins and glucose); dosage of lactic
acid;17 general immunoassays (VDRL and reactions of com-
plement fixation tests for syphilis and cysticercosis); mi-
crobiologic assay (direct bacteriologic, mycobacteriologic
and mycologic assays, as well as the adequate cultures)18

as necessary; immunologic complementary specific assays
as indicated.

For lactate determination, the CSF samples were pro-
cessed according to the enzymatic method without prior
deproteinization, employing the reactive commercial kit
Lact-Boeheringer Mannheim19. The analyze of the LA were
performed in a maximum period of 48 hours after collect-
ing the CSF. The CSF was stored in a refrigerated environ-
ment with temperatures between 4 to 8º C, because it
was reported that values of LA were altered in the CSF if it
is kept in environmental conditions, without an adequate

storage17. Values between 11 and 19 mg/dL were consid-
ered within the reference limits for this method11.

The Ethics Committee of the University of São Paulo
Medical School has approved this study.

Samples were distributed in five groups, according to
diagnosis: (1) control group, with 28 samples; (2) bacte-
rial meningitis, with 40 samples; (3) lymphocytic viral me-
ningitis, with 22 samples; (4) fungal meningoencephalitis
with 16 samples; (5) patients with AIDS presenting anti-
HIV in CSF and in blood serum, with 24 samples.

Statistical analysis - At first all the variables were ana-
lyzed descriptively. It was performed the measurement of
averages and standard deviations and medians (SD). Non
parametric test were preferentially employed. For the study
of the correlation among the studied variables the Spear-
man Correlation Coeficient was used. The significance level
(alpha) used for all the tests was 10%. This value was cho-
sen due to the intrinsic characteristics of the studied ma-
terial.

RESULTS
From the total of 130 samples studied, 71 (54.6%)

were from female patients and 59 (45.4%) from male
patients. Ages ranged from 2 days to 82 years, not
presenting a significant difference from the statisti-
cal point of view to the analysis of the five groups
(p=0.5419).

Cellularity study among groups evidenced pleo-
cytosis in all groups, except the control group. This
analysis showed a significant statistical difference
(p<0.0001). It was observed an increase of contents
of total proteins in all groups, except the control
group, showing a significant difference from the sta-
tistical point of view (p<0.0001).

The glucose concentration was evaluated statis-
tically among the five groups, and had a significant
value from the statistical view (p<0.0001), presented
in Table 1. In this table the average of glycorrhachia
is inferior to normality in samples of patients with
fungal and bacterial meningitis and in patients with
AIDS. Patients of the control group and the viral
meningitis group presented an average with values
compatible to normality.

Table 2 shows the values of lactate in the five
groups. The analysis of lactate in the different stud-
ied groups showed average values above normality
in the groups of fungal and bacterial meningitis and
in patients with AIDS. In the control and viral men-
ingitis groups we observed lactate values consistent
to normality. The evaluation of the five groups sho-
wed a significant statistical difference concerning the
lactate averages (p<0.0001).

The groups were compared as for the statistical
significance in relation to the dosages of glucose and
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lactate in CSF. Table 3 shows a paired analysis of the
groups in relation to the average of glucose in CSF.
The paired analysis in groups concerning the lactate
dosage in CSF may be observed in Table 4.

Figure 1 shows a negative correlation between
the averages of glucose and of lactate in CSF in sam-
ples from patients with bacterial meningitis. Thereby
the increase of glycorrhachia implies the decrease

of the lactate levels, and the opposite is also true.
This correlation has a statistical significance.

DISCUSSION

Due to high morbidity and mortality of many in-
fectious diseases which attack the CNS, laboratory
tests have been gauged so that they can establish
an early etiologic diagnosis of these diseases. In this

Table 3. Paired analysis of the groups showing the glucose average in CSF (mg/dL).

Groups AIDS Bacterial meningitis Viral meningitis Control

Bacterial meningitis + + +

Viral meningitis + + +

Fungal meningitis - - + +

AIDS + + +

P<0,0001; +, significant statistical difference; –, there is no significant statistical difference.

Table 1. Glucose concentration in CSF: average, standard deviation, median, minimum and
maximum values (md/dL).

Variables N Average SD Median Minimum Maximum

Fungal meningitis 16 21.4 14.9 22 1 56

AIDS 24 35.1 15.7 36 4 67

Bacterial meningitis 40 20.2 21.4 16 1 114

Viral meningitis 22 51.8 15.1 51 28 79

Control 28 60.0 7.6 60 47 77

Kruskal-Wallis test: p<0,001; N, number of samples; SD, standard deviation.

Table 2. Lactate concentration in CSF: average, standard deviation, median, minimum and
maximum values (mg/dL).

Variables N Average SD Median Minimum Maximum

Fungus 16 27.3 12.8 26.5 12 48

AIDS 24 23.5 10.1 21.5 10 49

Bacterial meningitis 40 46.2 33.5 34.5 10 150

Viral meningitis 22 17.2 5.6 15.5 7 33

Control 28 12.6 3.3 12.5 4 19

Kruskal-Wallis test: p<0,0001. N, number of samples; SD, standard deviation.

Table 4. Paired analysis of the groups showing lactate average in CSF (mg/dl).

Groups AIDS Bacterial meningitis Viral meningitis Control

Bacterial meningitis + + +

Viral meningitis - + -

Fungal meningitis - - - +

AIDS + - +

P<0,0001; +, significant statistical difference; –, there is no significant statistical difference.



846 Arq Neuropsiquiatr 2001;59(4)

context, although little specific by definition, some
laboratory tests are extremely important because
they can delimit in a valuable manner the field of
diagnostic uncertainty. Among these tests, the one
for determination of the lactic acid levels is among
the most used20.

In this study five groups of patients were analy-
zed and compared or related: four with infectious
pathologies of the nervous system and a control
group, a total of 130 samples analyzed. There were
no differences which could represent restrictions to
the interpretation of the results as for the distribu-
tion of the casuistry concerning age and gender.

Cellularity behaved as expected, presenting pleo-
cytosis in all groups except in the control group, such
as the total proteins, which presented elevated rates
in all groups, except the control group. Glycorrhachia
is one of the important elements in diagnosis of in-
fectious processes of the nervous system. As classi-
cal, bacterial meningitis and fungal meningoence-
phalitis were followed by hipoglycorrhachia: (1) in
bacterial meningitis, the average was 20.2 mg/dL;
(2) in fungal meningoencephalitis, the average was
21.4 mg/dL. In the group of patients with AIDS we
observed a significant dispersion of the values of gly-
chorrhachia. As for the viral meningitis group, al-
though the average values of glycorrhachia in this
group are within normal ranges, it was unusual that
some patients presented hypoglycorrhachia. These
samples were not excluded because, although it is
virtually impossible to follow information about the
evolution of these patients, the diagnostic yield when

the collection was done left no doubt on the benign
nature of the process.

The glucose dosage in CSF is of crucial importan-
ce in diagnosis and control of the evolution of many
infectious diseases of CNS. Meanwhile, the strict re-
lationship between glychorrhachia and glycemia with
a short time interval mediating the chemical equili-
brium between the two of them ends up bringing
some difficulties to the interpretation in the CSF
exam21,22.

There is an evident correlation among the glu-
cose levels and LA levels23. The elevation of the LA in
CSF is related to the decrease in the contents of gly-
corrhachia and vice versa24, especially in bacterial me-
ningitis and micosis, of the CNS. Furthermore, the
LA shows reference intervals with better defined lim-
its concerning to glycorrhachia4,25. In diabetic pati-
ents, the dosage of LA is not related to the levels of
glycemia in a linear manner7,9. Without influence of
the blood LA, the determination of LA in CSF pro-
vides important information in the evaluation of dia-
betic patients or in cases which glycorrhachia can
not be of any help23,26.

The average of LA content found in the bacterial
meningitis group (46.2 mg/dL) was the higher of the
five groups analyzed. Next one was fungal meningi-
tis (27.3 mg/dL) and after that the AIDS group (23.5
mg/dL). These values are significantly above normal-
ity standard.

The average of LA values found in the CSF of the
viral meningitis and control groups does not differ

Fig 1. Correlation glucose/ lactate in the CSF in bacterial meningitis.
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significantly of the values of normal reference (until
19 mg/dL). In the viral meningitis group, the maxi-
mum value of LA found in CSF was 33 mg/dL. Viral
meningitis cases, in the initial phase of diagnostic
yield, with levels of LA in CSF above the reference
values are mentioned in the literature27.

In fungal meningitis the maximum value found
was 48 mg/dL and corresponds to a sample whose
diagnosis was CNS histoplasmosis.

Among the AIDS group samples, the values re-
ferring to the dosage of LA in CSF presented disper-
sion. This dispersion is expected due to the multipli-
city and diversity of diseases, with or without a de-
fined diagnosis, which can comprise the AIDS pa-
tients. There was no statistical difference among the
levels of LA observed in the samples from AIDS pa-
tients which were submitted to CSF analysis due to
complaint of cephalea or with opportunist associ-
ated established disease. The literature does not
present a support for the adequate interpretation
of the results of LA in CSF in patients with reagent
antibodies anti-HIV. The LA levels in this group are
higher than the basal (there is statistical difference
concerning the control group).

In bacterial meningitis, the values of LA in CSF
vary from 10 to 150 mg/dL. The average recorded
for this group (46.2 mg/dL) is compatible to what
are reported in studies about this subject24,28. From
40 samples evaluated in the bacterial meningitis
group, 32 presented a percentage of neutrophil cell
higher than 50% in the cytomorphologic profile,
associated to LA contents superior to 19 mg/dL. In
this casuistry the LA levels recorded for bacterial
meningitis were significantly higher than the ones
observed in the viral meningitis group, the AIDS
group and the control group.

In fungal and bacterial meningitis there is nega-
tive correlation between the glucose and the LA in
CSF; while one increases the other decreases24. In
this study we found a negative correlation between
the glucose and LA in CSF, which corroborates the
prior observation. Among the cells with glycolytic
capacity, those, which can be a source of LA, are:
leukocytes, tumor cells, neurons, glial cells, as well
as fungi29,30.

Low values of LA do not exclude the diagnosis of
bacterial meningitis31. Isolated dosages may present
reduced values due to circumstantial factors, there-
fore the interpretation must always be done in the
context of the remaing of the CSF exam. Persisting
the doubt, it is a consensus in literature to repeat

the dosages in a second CSF exam, in order to ex-
clude the possible causes of non systematic error12,32.

Analyzing the data presented we may recom-
mend the dosage of LA in CSF in cases of suspicion
of CNS infection, mainly in the screening of bacte-
rial and viral meningitis, as well as a helping mea-
surer in the clinic and therapeutic evolution.

CONCLUSIONS
After analyzing 130 samples of cerebrospinal fluid

from 116 patients it is possible to conclude that33:
(1) in the studied pathologies the lactate level in CSF
behaved inversely proportional to glycorrhachia; (2)
the lactate levels in CSF in the control group (aver-
age 12.6 mg/dL) and in the viral meningitis group
(average 17.2 mg/dL) studied are within the values
of reference for the method used; (3) the lactate
level in CSF was above normal in bacterial meningi-
tis (average 46.2 mg/dL, SD 33.5), and in fungal me-
ningitis (average 27.3 mg/dL, SD 12.85), the values
observed are according to the ones recorded by the
literature; (4) the AIDS group showed average 23.5
mg/dL and SD 10.1; (5) the lactate values studied in
CSF are elevated with statistical significance in rela-
tion to the control group, in bacterial and fungal
meningitis and in the AIDS group, this was not ob-
served in the viral meningitis group; (6) according
to the data presented we may recommend the dos-
age of lactate in infectious processes of the CNS,
mainly in viral and bacterial meningitis diagnosis.
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