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Comparison of cerebrospinal fluid lactate with
physical, cytological, and other biochemical
characteristics as prognostic factors in acute
bacterial meningitis

Comparacao do lactato no liquido cefalorraquidiano com as caracteristicas fisicas,
citolégicas e outros marcadores bioquimicos, como fator prognostico nas meningites
bacterianas agudas

Sérgio Monteiro DE ALMEIDA', Nagyla C. BARROS', Ricardo PETTERLE', Keite NOGUEIRA'

ABSTRACT

Bacterial meningitis (BM) is associated with a high morbidity and mortality. Cerebrospinal fluid (CSF) lactate may be used as a prognostic
marker of this condition. We hypothesized that CSF lactate levels would remain elevated in participants who died of acute BM compared
with those who recovered from this disease. Objective: To evaluate the potential use of lactate and other CSF biomarkers as prognostic
markers of acute BM outcome. Methods: This retrospective, longitudinal study evaluated dynamic CSF biomarkers in 223 CSF samples
from 49 patients who fulfilled the inclusion criteria of acute BM, with bacteria identified by CSF culturing. The participants were grouped
according to outcome: death (n = 9; 18.37%) and survival (n = 40; 81.63%). All participants received appropriate antibiotic treatment.
Results: In the logistic regression model, lactate concentration in the final CSF sample, xanthochromia, and CSF glucose variation between
the first and last CSF samples were predictors of a poor outcome (death). In contrast, decrease in CSF white blood cell count and CSF
percentage of neutrophils, increase in the percentage of lymphocytes, and normalization of the CSF lactate concentration in the last CSF
sample were predictors of a good prognosis. Conclusion: The study confirmed the initial hypothesis. The longitudinal analysis of CSF lactate
is an important predictor of prognosis in acute BM.
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RESUMO

As meningites bacterianas (MB) estao associadas a alta morbidade e mortalidade. O lactato no liquido cefalorraquidiano (LCR) pode
ser usado como biomarcador de prognéstico nas MB. A hipdtese desse estudo é que os niveis de lactato no LCR se mantém elevados
entre pacientes com MB aguda que evoluem para ébito, ao contrario do que ocorre em pacientes com bom prognéstico. Objetivo:
Avaliar o uso potencial do lactato e outros marcadores no LCR como indicador de prognéstico na MB aguda. Métodos: Foi realizado
um estudo retrospectivo longitudinal da dindmica dos biomarcadores bioquimicos, celulares e fisicos no LCR. Foram analisadas
223 amostras de 49 pacientes com MB aguda com bactérias identificadas por cultura do LCR. Os participantes foram divididos
em dois grupos de acordo com o desfecho: 6bito (n = 9; 18,37%) e nao 6bito (n = 40; 81,63%). Todos os participantes receberam
antibioticoterapia adequada. Resultados: No modelo de regresséao logistica, as variaveis que diferiram significativamente entre os
dois grupos foram concentracao de lactato na amostra final de LCR, xantocromia e variacao da concentracéao de glicose entre a
primeira e a Ultima amostra de LCR. A alteracdo desses fatores indicou desfechos negativos (6bito), enquanto a diminuicdo do nimero
de leucécitos e da porcentagem de neutrofilos, assim como a normalizacao da concentracao de lactato no LCR foram preditores de
bom prognéstico. Conclusao: O estudo confirmou a hipdtese inicial. A anéalise longitudinal do lactato no LCR é um importante preditor
de prognéstico na MB aguda.
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Acute bacterial meningitis (BM) is a life-threatening syn-
drome, with mortality between 3% and 21%, and may have
severe neurological sequelae’. Early diagnosis and antibacte-
rial therapy are essential for a positive outcome®. The differ-
ential diagnosis between BM and viral meningitis is crucial
for treatment and prognosis®*. The concentration of CSF
lactate, in addition to providing information about the dif-
ferential diagnosis between BM and viral meningitis®’, holds
potential as a prognostic marker in acute BM. Experimental
animal studies have shown that elevated CSF lactate levels
persisting after appropriate antibiotic treatment are associ-
ated with increased morbidity and mortality, and may facili-
tate prognostic prediction®. Several studies showed that CSF
lactate levels were significantly different in clinical sam-
ples obtained from patients with a positive and a negative
prognosisg,lﬂ,l],12,13,14,15.

We hypothesized that CSF lactate levels remained high
among participants with acute BM who died, in contrast
to the group who survived. To test this hypothesis, we cal-
culated CSF lactate levels longitudinally, and evaluated
whether these values could be used as a prognostic factor in
BM with that of other physical, biochemical, and cytological
characteristics of the CSE.

METHODS

Participants

A retrospective study was conducted with CSF reports
from the Clinical Pathology Laboratory of the Hospital de
Clinicas, Universidade Federal do Parana (HC-UFPR) during
the period between 2006 and 2017. The Institutional Research
Review Board of the HC-UFPR, Brazil, approved this study.

Patients clinically suspected of having acute BM were
selected randomly, based on microbiological identification
of the etiological agent. Data regarding the CSF biochemi-
cal and cytological characteristics, as well as demographic
data, were obtained from the hospital computer records.
The inclusion criteria were as follows: 1) CSF samples from
patients attending HC-UFPR with clinical suspicion of acute
meningitis; 2) CSF cultures positive for bacteria; and 3) quan-
tification of lactate concentration in the CSE. The exclusion
criteria of the study were as follows: 1) patients with CSF cul-
tures negative for bacteria; 2) virus identified in the CSF; 3)
samples obtained from other services. Lactate was measured
in all CSF samples included throughout the study period.

Sample collection

The CSF samples were collected for clinical purposes.
To study the dynamics of CSF biomarkers, all CSF samples
collected during each patients hospitalization period were
included. Two hundred and twenty-three CSF samples from
49 patients fulfilled the inclusion criteria of the study.
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Patients were allocated to two groups according to the
outcome: negative outcome (death; n = 9; 18.37%) and pos-
itive outcome (survival; n = 40; 81.63%). All participants
received appropriate antibiotic treatment according to the
sensitivity of the CSF bacteria isolated.

The sites of CSF puncture were comparable between
groups. In the first CSF sample, 19 samples (38.78%) were col-
lected by lumbar puncture (15 in the positive-outcome group
[37.50%)] and four in the negative-outcome group [44.44%]);
nine samples were collected by ventricular puncture (18.37%)
(six in the positive-outcome group [15.00%] and three in the
negative-outcome group [33.33%]); and 21 samples were col-
lected by puncture from the shunt (42.86%) (19 in the pos-
itive-outcome group [47.50%] and two in the negative-out-
come group [22.22%]) (p = 0.282).

The time interval between the last CSF puncture and hos-
pital discharge in the whole group was median (interquartile
range [IQR]:) 5 days (2; 13).

Overall, a median of four CSF punctures (IQR: 1; 6)
were performed during hospitalization. In the positive-out-
come group, the median number of punctures performed
was four (1.5; 6); in the negative-outcome group, it was two
(1;7) (p = 0.518). The median interval between the first and
last CSF sample in all patients who underwent more than
one CSF puncture (n = 36) was 26 days (13; 44.5). In the
positive-outcome group, this median interval was 26 days
(13.25; 40.25); in the negative-outcome group it was 34.5 days
(8.75; 47.5).

CSF biochemistry and cytology

After CSF puncture, the CSF samples were kept at room
temperature and analyzed up to 30 minutes after reception
in the clinical pathology laboratory.

Lactate was quantified in the CSF by amperometry
(RAPID Point 500, Siemens, New York, NY, USA). Total protein
in the CSF was quantified using benzethonium chloride as
the precipitation reagent. Glucose in the CSF and the plasma
were determined using the hexokinase/G-6-PDH method
(Architect, Abbott Diagnostics, Abbot Park, IL). Total white
blood cell count (WBC) per mm?® in the CSF was quantified
in fresh, non-centrifuged CSF, in a Fuchs-Rosenthal chamber.
Cerebrospinal fluid pleocytosis was defined as a WBC count
of > 5 cells/mm?. For differential WBC counts, CSF samples
were concentrated using a Shandon cytospin (Thermo-
Shandon; Pittsburgh, PA) and the slides were stained using
May-Griinwald-Giemsa staining. Xanthochromia in the
CFS'" was assessed by visual inspection and quantified using
the color index by comparing the supernatant after centrifu-
gation with a solution of potassium bichromate".

Microbiological diagnostic tests for bacteriology

All CSF samples were subjected to direct microscopic
examination (Gram-stain smear) and culturing. The CSF
specimens were inoculated onto agar plates (5% sheeps



blood agar and supplemented chocolate agar plates) and
incubated at 37°C for 24-48 hours. For positive cultures,
bacteria were identified using a VITEK 2 compact system
(BioMérieux Vitek, Inc., Hazelwood, MO).

Statistical analyses

The variables studied in the CSF were the color index,
WBC, neutrophils (%), lymphocytes (%), glucose (mg/dL),
CSF/blood glucose ratio, total protein (mg/dL), and lactate
concentration (mmol/L). All variables were studied in the
first and last CSF samples. In addition, the mean value and
variation (value of first CSF sample subtracted from that of
last CSF sample) of all CSF samples from the same partici-
pant were assessed. For the variation in the CSF variables,
the median of the variable in serial CSF samples was used
as a cut-off point.

Results are presented as median (IQR) or number (n) and
percentage (%), as appropriate. Categorical variables were
compared between groups using Fisher’s exact test and con-
tinuous variables were compared using the Mann-Whitney
or Kruskal-Wallis test for non-parametric data, as appropri-
ate. Dependent continuous variables were compared using
the Wilcoxon test.

To estimate survival from lifetime data, Kaplan-Meier
curves were constructed and compared using the log-rank
test. For the cut-off point of variables, the median of overall
samples or the reference values of the laboratory parameters
were used.

Logistic regression analysis was used to estimate or pre-
dict the value of potential predictors of prognosis, such as
sex, race, age, and CSF characteristics (color index, leuko-
cyte, neutrophil percentage lymphocyte percentage, glucose,
protein, and lactate levels, and CSF/blood glucose ratio). The
odds ratio and 95% confidence intervals (CI) were used to

quantify the strength of the associations. Results were con-
sidered significant at the 5% alpha level.

RESULTS

The groups studied were comparable for age, sex, and
race. The median (IQR) age was 26.06 years (1.23; 41.33) in
the positive-outcome group and 46.36 years (33.18; 53.01)
in the negative-outcome group (p = 0.096). In the positive-
outcome group, 19 patients (47.50%) were male, while in the
negative-outcome group, four patients (44.44%) were male
(p > 0.99). In the positive-outcome group, 39 patients were
Caucasian (97.50%), while in the negative-outcome group,
eight (88.89%) were Caucasian (p = 0.337). The median over-
all duration of hospitalization was 28 days (13; 49); 30 days
(18.25; 49.50) in the positive-outcome group and 10 days
(7;49) in the negative-outcome group (p = 0.152).

The bacteria isolated by CSF culture in the first CSF
sample for each of the groups are shown in Table 1. Overall,
31 samples (63.26%) were positive for Gram-positive bac-
teria and 18 samples (36.73%) for Gram-negative bacteria.
There was no difference in CSF lactate levels between the
groups with Gram-positive or Gram-negative bacteria in
the CSF (p = 0.736).

Overall, the mortality rate in this series was 18.37%. In the
positive-outcome group, 26 patients (65%) had Gram-positive
and 14 patients (35%) had Gram-negative bacteria. In the
negative-outcome group, five patients (55.55%) had Gram-
positive and four patients (44.44%) had Gram-negative bac-
teria. Thus, mortality was not dependent on the type of bac-
teria involved (p = 0.708).

The physical, cytological, and biochemical characteris-
tics of the CSF in the first and last CSF samples based on the

Table 1. Bacteria identified in cultures of the first cerebrospinal fluid (CSF) sample.

Bacteria Total Survival Death p-value
Staphylococcus coagulase negative 12 (24.49) 10(25.0) 2(22.22) 0.999
Streptococcus pneumoniae 9(18.37) 8(20.00) 1(11.11) 0.999
Staphylococcus aureus 8(16.33) 6 (15.00) 2(22.22) 0.638
Klebsiella pneumoniae 5(10.20) 3 (7.50) 2(22.22) 0.224
Enterobacter spp. 5(10.20) 4(10.00) 1(11.11) 0.999
Acinetobacter baumannii 2 (4.08) 2 (5.00) = =
Escherichia coli 2 (4.08) 2 (5.00) - -
Haemophilus influenzae 1(2.08) 1(2.08) = =
Proteus mirabilis 1(2.08) - 1(1111) -
Pseudomonas stutzeri 1(2.08) 1(2.50) - -
Staphylococcus haemolyticus 1(2.08) 1(2.50) - -
Streptococcus viridans group 1(2.08) 1(2.50) = =
Bacilli Gram-negative, oxidase-negative 1(2.08) 1(2.50) - -

Data presented in n (%).
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Figure 1. Comparison of cerebrospinal fluid (CSF) variables between the groups with positive (survival) and negative (death)
outcomes. A. CSF lactate (mmol/L) in the last sample. B. Variation of CSF lactate concentration between the first and last sample.
C.CSF color index (%) in the last sample. D. Mean CSF color index (%) in all longitudinal samples.

outcome are shown in Table 2 and Figure 1. The dynamics of
CSF biochemical and cell characteristics, described by the
variation and mean of the characteristics of the sequential CSF
samples, are shown in Table 3 and Figure 1. The percentage
of lymphocytes and glucose levels were higher in the first CSF
sample in the negative-outcome group thanin the positive-out-
come group (p = 0.025 and 0.032, respectively). In the last CSF
sample, lactate (Figure 1), color index, neutrophil percentage,
and total protein levels were higher in the negative-outcome
than in the positive-outcome group (p = 0.002; p = 0.034; p =
0.014; and p = 0.048, respectively). The lymphocyte percentage
was lower in the negative-outcome group (p = 0.041).

The variation between the first and last CSF sample
showed increased WBCs and lactate levels in the last CSF
sample, and decreased lymphocyte percentage and glucose
levels (p = 0.017; p < 0.001; p = 0.010; p = 0.006, respectively;
Table 3). The mean value of all CSF samples collected per
patient was higher in the negative-outcome than in the pos-
itive-outcome group for color index (p = 0. 047). The lactate

concentration was numerically higher in the negative-out-
come group, but this difference was not statistically signifi-
cant (Table 3).

In the negative-outcome group, CSF cultures and Gram-
stain smears were positive in the last CSF sample in two of
the nine cases (22.22%). Both cases showed the same bac-
teria that were identified in the first CSF samples. In the
positive-outcome group, the CSF culture was negative in
the last sample for all participants with more than one CSF
sample (n = 40). All findings in the last CSF sample of the
negative-outcome group suggested a lack of response to the
antibiotic therapy.

There was a significant difference in survival time
between groups, i.e., more deaths occurred among patients
who were older than 29 years, which was the overall median
age of patients included in the study (p = 0.027). Death was
more frequent where the mean lactate concentration in
serial CSF samples was higher than 3.5 mmol/L; CSF lactate
in the last CSF sample was higher than 3.5 mmol/L; and CSF
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Figure 2. Kaplan-Meier survival curves. A. Survival curve for the mean cerebrospinal fluid (CSF) lactate concentration (mmol/L) in
longitudinal CSF samples. B. Survival curve for the CSF lactate concentration (mmol/L) in the last CSF sample. C. Survival curve
for the CSF lactate concentration (mmol/L) in the first CSF sample. A, B, C Continuous line CSF lactate < 3.5 mmol/L; dashed line
CSF lactate = 3.5 mmol/L. D. Survival curve for variation of the CSF lactate concentration between the first and the last sample
(mmol/L); continuous line, CSF lactate < 1.4 mmol/L, dashed line CSF lactate > 1.4 mmol/L. The cut-off point was calculated by
the median of the variation of the CSF lactate concentration in the longitudinal samples in the total group. E. Survival curve for

CSF color index (%) in the last CSF sample; continuous line, CSF colorless (color index 0%); dashed line CSF xanthochromia (color
index > 0%). F. Survival curve for age (years) of the patients, continuous line age < 29.31 years, dashed line age > 29.31 years.

In multivariable logistic regression analysis, the following
variables differed significantly between the negative-outcome
and positive-outcome groups: thelactate concentrationin the
last CSF sample (odds ratio [OR]: 1.513; 95% CI: 1.178-2.527;

was xanthochromic in the last CSF sample, independent of
the value of the CSF color index (p = 0.050; p < 0.001; p = 0.027,
respectively; Figure 2). There was no difference in survival
time in relation to the other analyzed variables.
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Figure 3. Dynamics of the cerebrospinal fluid (CSF) lactate concentration (mmol/L) in patients with multibacterial meningitis, according
to outcome. The continuous line indicates the positive-outcome (survival) group; the dashed line indicates the negative-outcome (death)
group. The full circle indicates the CSF sample with positive cultures for bacteria different from that isolate from the first CSF sample.
Bacteria identified in multibacterial meningitis cases: Staphylococcus coagulase-negative (n = 6), Klebsiella pneumoniae (n = 3),
Acinetobacter baumannii (n = 3), Proteus mirabilis (n = 2), Staphylococcus aureus (n = 1), Klebsiella oxytoca (n = 1), Serratia marcescens
(n = 1), Streptococcus viridans (n = 1), and Enterobacter cloacae (n = 1). The highest CSF lactate levels (> 3.5 mmol/L) were associated
with a positive culture for bacteria in 31.58% of the CSF samples in which the causal bacteria were identified.

p =0.017); the mean CSF color index of all serial CSF samples
(OR: 1.230; 95% CI: 1.052-1.564; p = 0.023), and CSF glucose
variation between the first and last CSF sample (OR: 1.132;
95% CI: 1.040-1.343; p = 0.045).

Multibacterial meningitis

Multibacterial meningitis, i.e. different bacteria isolated
from sequential CSF samples, was identified in eight patients
(16.33%). Of these, two patients (22.22%) were in the nega-
tive-outcome group and six patients (15.63%) were in the
positive-outcome group (p = 0.628). In the group with multi-
bacterial meningitis, two patients (25%) died, whereas in the
group with a single bacterial strain, six patients (75%) died
(p = 0.601).

The relationship between the CSF lactate concentration in
patients with multibacterial meningitis and the identified bac-
teria according to the outcome is shown in Figure 3. A peak of
CSF lactate levels (> 3.5 mmol/L) was associated with a posi-
tive bacterial culture in six of the 19 (31.58%) CSF samples.

DISCUSSION

In the present series, the mortality rate in patients with acute
BM was 18% and this was not dependent on the type of causal
bacteria. In developed countries, the mortality rate of acute BM
is 10-30%, while in low-income countries it can reach 50%

Arg Neuropsiquiatr 2019;77(12):871-880

In this study, multivariable logistic regression analysis
showed that the persistence of a high lactate concentration
in the last CSF sample; xanthochromia, indicated by a high
mean color index in longitudinal CSF samples; and lower
variation in glucose levels between the first and last CSF
sample differed significantly between the negative-outcome
group and the positive-outcome group.

The value of CSF lactate levels for predicting the outcome
of BM is still debatable. In this study, in a univariate analysis,
the CSF lactate concentration in the first CSF sample did not
discriminate the negative-outcome from the positive-outcome
group and was not useful for predicting outcome, in agreement
with previous reports'*!#! but in contrast to results from sev-
eral other studies®'®'*'*!3, In the present study, the CSF lactate
levels of the last sample were higher in the negative-outcome
than in the positive-outcome group, corroborating the find-
ings of a previous study'. In addition, we demonstrated that
variation in lactate levels, calculated by the difference between
the first and last CSE, differed between the two groups.

On the other hand, the present study showed that a rapid
decrease in the CSF lactate concentration during treatment
was indicative of therapeutic efficacy and good progno-
sis, confirming the results of previous studies'****'. The CSF
samples with lactate concentrations higher than 3.5 mmol/L
were less frequent in the positive-outcome group and more
common in the negative-outcome group. Thus, lactate may
be used as a marker of positive as well as negative outcome.



In the present study, xanthochromia, quantified by color
index, differed significantly between the negative-outcome
and positive-outcome groups; specifically, xanthochromia
was associated with a negative prognosis. Color index is a
visual comparative method for quantifying CSF xanthochro-
mia; it is easy and is not expensive to perform, although it has
a low sensitivity (47%)". Xanthochromia has not been inves-
tigated in the past as a prognostic marker in acute BM; how-
ever, this finding must be interpreted with caution, as the
present study included CSF samples collected from differ-
ent puncture sites. Further studies are necessary to confirm
our findings. The causes of CSF xanthochromia in acute BM
are increased CSF WBC (> 200 cells/mm?®), bacterial con-
centration > 10° CFU/mL, and high protein concentration
(> 150 mg/dL). Additionally, other causes of xanthochromia
can be considered as the presence of red blood cells (> 400 red
blood cells/mm?®), high intake of carotenoids, hyperbilirubi-
nemia, and meningeal melanomatosis'®.

In the present study, the CSF WBC count was numer-
ically lower in the negative-outcome than in the positive-
outcome group, although the difference was not statisti-
cally significant. Previous studies showed that a low CSF
WBC count is related to a poor prognosis®. A low CSF WBC
count was also described in sepsis in adults with pneu-
mococcal meningitis®. In our study, the last CSF sample
showed a persistent elevation of WBC in both groups. In
the positive-outcome group, the differential WBC showed
predominance of lymphocytes, while in the negative-out-
come group, neutrophils predominated. All findings in the
last CSF sample in the negative-outcome group suggested
a lack of response to antibiotic therapy, independent of the
presence of bacteria in the last sample. The CSF findings
in patients who have received previous antibiotics may dif-
fer?**; the positivity of conventional bacteriological diag-
nostic methods (CSF culture and Gram stain) in partially-
treated BM is reduced from 50% to 20%; the relationship
between polymorphonuclear cells and lymphocytes in CSF
may be reversed®*,

In this study, multibacterial meningitis was not related to
an increased rate of mortality, although the number of par-
ticipants was small. Multibacterial infection is reported as a
negative prognostic factor by some authors®*¥. In the pres-
ent study, the dynamics of the CSF lactate concentration in
patients with multibacterial meningitis showed a peak of
CSF lactate in those samples with positive bacterial cultures.

In the present study, older age was also considered as
a factor of a negative prognosis, confirming the results of
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