Journal of Human Growth and Development
2015; 25(2): 237-242

ORIGINAL RESEARCH

LABORATORY PARAMETERS OF CEREBROSPINAL FLUID IN
INDIVIDUALS WITH ENTEROVIRUS MENINGITIS

Flavio Geraldes Alves'?, Rubens Wajnsztejn'?, Camila Almeida Exposto Alves'?,
Tassiane Cristina Morais!, Mahmi Fujimori!, Fernando Adami?, Cicero Macedo Cruz!3,
Luiz Carlos de Abreu!

DOI: http://dx.doi.org/10.7322/jhgd.103022

Abstract:

Introduction: Meningitis is the leading infectious syndrome that affects the central nervous system,
and most cases are caused by viral infections, mainly enterovirus. The clinical diagnosis for meningitis
etiology still presents major challenges. The analysis of polymerase chain reaction (PCR), white
blood cells, red blood cells, glucose, protein, and lactate in the cerebrospinal fluid (CSF) provides
the first clues to the diagnosis. However, the reference values of some parameters can suffer
changes. Objective: Analyze the laboratory parameters of CSF in patients with enterovirus meningitis,
and then, theirrelationship by age group. Methods: A descriptive study was conducted based on
data from a CSF reference service, located in Sao Paulo, Brazil, on 202 individuals who had enterovirus
meningitis. Data was analysed by the Shapiro-Wilk and Kruskal-Wallis tests (CI = 95%, p < 0.05)
and represented by the median and percentile 25 and 75, respectively. Results: The cytological and
biochemical parameters of the CSF shows us that proteins had median concentrations of 33.0mg/
dL, glucose of 57.0mg/dl, lactate of 19.0mg/dL and the leukocyte of 119.0 cells/mm?3, with a
predominance of lymphocytes (42%). It was found that age can cause cytological and biochemical
changes in the parameters of CSF. Children younger than 2 years had a range percentage of neutrophils
and monocytes different then children aged < 2 and < 6 years, and aged < 6 and < 10 years. The
protein concentration range in CSF as well as glucose track can also change according to age.
Conclusion: The parameters of the CSF in patients with enteroviral meningitis showed similar median
concentrations to those found in the literature. Age may lead to changes in cytological and biochemical

parameters of CSF. CSF protein and glucose concentrations also change according to age.
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INTRODUCTION

Meningitis is the term used to describe the
inflammation of the brain meninges, and it is the
major infectious syndrome in the central nervous
system. Based on its causes, it can be classified
into bacterial meningitis and aseptic meningitis?.

Aseptic meningitis is the inflammation of the
meninges, and does not have a bacterial infection
as the cause3*. Aseptic meningitis may or may not
have a viral infection as the most common cause of
the disease?>13,

Viral meningitis can occur in people of all
ages, but it is more common in children>¢. Itis a
worldwide disease in sporadic and epidemic
forms. It often has a benign clinical course, as most
viral meningitis are caused by enterovirus. These
infections can present high morbidity and low
mortality rates. They rarely lead to serious

complications, which are observed mainly in
immuno-compromised individuals!37.

Enteroviruses are responsible for approxima-
tely 90% of cases of aseptic meningitis. They are
single-stranded RNA viruses belonging to the
Picornaviridae family. There are more than 100
serotypes, including poliovirus, A and B
coxsackievirus, and echovirus3>387°10.11,

The clinical manifestations vary depending on
the serotype; however, in most cases the clinical
results are not sufficient to allow a specific etiologic
diagnosis. The infections may be asymptomatic or
present nonspecific symptoms, such as headache,
fever, myalgia, malaise, chills, sore throat,
abdominal pain, nausea, vomiting, photophobia,
neck stiffness, and drowsiness3>.

It is noteworthy that the initial clinical
presentations of viral meningitis and bacterial
meningitis are often similar. Therefore,
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distinguishing the etiologies quickly results in great
benefits? and avoids the inappropriate use of
medications?2°,

The main method used for differentiation is
based on clinical findings, but in clinical suspicion
of meningitis, cerebrospinal fluid (CSF) analysis is
mandatory. The results of CSF analysis form the
basis for the objectives of the therapy and allows
the request of other necessary examinations,
according to the diagnosis and identification of the
etiologic agent®t213,

Given the considerable genetic variability of
enterovirus, the detection of RNA viruses in clinical
samples has proven usefulness to streamline the
diagnosis and improve assistance to patients,
particularly newborns®. The Gram stain test,
biochemical tests (such as protein, glucose, and
lactate), and differential counting of leukocytes in
the CSF are important for establishing an etiological
cause of meningitis”'4.

In the CSF viral infection analysis, there is
generally a predominance of lymphocytes and
absence of bacterial agents!. In aseptic meningitis,
mononuclear cells are predominant, while in
bacterial meningitis, polymorphonuclear cells are
predominant. An important fact is that the
predominant cell population in aseptic meningitis
can be changed within 24 hours, and this can lead
to the uncertainty of diagnosis and of the treatment
programme?3,

Due to doubts about the etiology of
meningitis, medical management usually includes
hospital observation, which increases the number
of hospitalisations?. Thus, early detection of
enterovirus can result in benefits to the health
system. In addition to reducing the occupation of
hospital beds, the risk of contamination by contact
and inappropriate use of antibiotics can also be
avoided. Unfortunately, it is still a major challenge
to differentiate types of meningitis only based on
clinical characteristics and initial parameters of
CSF2,7,9,15.

Studies addressing this topic are essential to
establishing etiological identification parameters,
thus contributing to an accurate diagnosis. The
generation of a set of reference values for CSF
parameters, especially in children, is an important
area of discussion among health professionals?®.

The objective of this study was to analyze
the laboratory parameters of CSF in patients with
enterovirus meningitis, and then, their relationship

by age group.

METHODS

This is a descriptive study, based on data of
a reference service of CSF analysis, located in Sao
Paulo, Brazil. Data were collected in August 2014,
from the database inserted in Tasy Management
System - Philips Healthcare®, during the period from
1 August 15t of 2011 to July 31th of 2012.

The study included examinations of
individuals submitted to CSF puncture who were
diagnosed with enterovirus meningitis. The study
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included only those individuals whose results were
100% negative in Gram stain tests and culture,
along with the confirmation of viral infection by
positivity on enterovirus panel by polymerase chain
reaction (PCR) in real time, totaling 202 individuals.

The variables analysed were age,
bacterioscopy, culture, enterovirus panel, global
cytology and differential, protein, glucose, and
lactate. Bacterioscopy uses the Gram stain method.
The culture is carried out by identifying by manual
techniques under specific conditions. The
enterovirus panel is analysed by real time PCR. The
global cytology is performed using Fuchs—-Rosenthal
chamber scoring; cytology differential microscopy
using Leischmann staining method; protein, glucose
and lactate are analysed by an enzymatic method.

A Shapiro-Wilk test (p <0.05) was performed,
and we decided to present the data based on median
values, percentile 25 and 75. The biochemical and
cytological variables were compared by age in years
(<2 years; > 2 and <6 years; > 6and < 10 years;
> 10 and < 20 years; > 20 years), using the
Kruskal-Wallis test and analysis by confidence
interval (95% CI). The statistical software used was
Stata® version 11.0.

RESULTS

The average age of the individuals was 7.7
years, and the median age was 5 years. The
youngest verified individual was 10 months, and
the oldest was 42 years. Among those surveyed,
10.4% (n = 21) were individuals aged < 2 years,
40.1% (n = 81) aged < 2 and < 6 years, 26.7%
(n = 54)aged < 6and < 10 years, 15.4% (n 31)
aged > 10 and < 20 years, and 7.4% (n 15)
aged over 20 years.

Laboratory CSF parameters of patients with
enterovirus meningitis are described in Table 1,
presented based on median values and percentiles
25 and 75, respectively. The following median values
were observed: protein 33.0 mg/dL, glucose 57.0
mg/dL, lactate 19.0 mg/dL, and leukocyte 119.0
cells/mm3. Among these, lymphocytes were
prevalent (42%), followed by neutrophils
(36.5%). Eosinophils, plasma cells, and
macrophages obtained median values of
zero. There were no red blood cells.

The cytological parameters according to age
group are described in Table 2. A statistically
significant difference was observed in neutrophil
count in those aged < 2 years in relation to those
aged < 2 and < 6 years (p <0.05) and > 6 and <
10 years (p < 0.05).

The values of monocytes also showed
variations in their concentration according to age
group. This parameter shows the difference among
the age group < 2 years and the following age
groups: > 2 and < 6 years (p < 0.05), > 6 and
< 10 years (p < 0.05), and > 10 and < 20 years
(p < 0.05).

There were also significant differences in the
analysis of the confidence intervals in relation to
the percentage of plasma cells among individuals
aged > 6 and < 10 years (p < 0.05) and the groups
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aged < 2 years and < 10 and < 20 years
(p < 0.05). This result, however, might not be used
as a parameter, as the percentage of the general
data of plasma cells in the researched subjects is
approximately 0%.

The concentrations of biochemical parameters
also presented statistically significant variations
according to age, as shown in Table 3.

Protein concentrations fluctuated in the group
aged < 2 years when compared to the groups aged
of > 2 and < 6 years (p < 0.05) and > 6 and < 10
years (p < 0.05). The groups aged > 2 and < 6
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years also showed significant differences when
compared with individuals in the group aged > 10
and < 20 years (p < 0.05) and the group aged with
> 20 years (p < 0.05).

Glucose concentrations in CSF also varied
according to age, significantly in individuals aged
< 2 years, in relation to all other categorised age
groups (p < 0.05).

In lactate analysis, there was statistical
significance (p = 0.019), but the confidence
intervals among the age groups were quite
homogeneous.

Table 1: Laboratory description of Cerebrospinal fluid parameters of individuals with enterovirus

meningitis. Brazil, 2011-2012
Variables

Leukocytes (per mm?3)
Red blood cells (per mm?)
Neutrophils (%)
Eosinophils (%)
Lymphocytes (%)
Monocytes (%)
Plasma cells (%)
Macrophages (%)
Proteins (mg/dL)
Glucose (mg/dL)
Lactate (mg/dL)

* Median and percentiles 25 and 75: (P25 and P75

Median*

119.0 (55.0-320.0)
0.0 (0.0-0.0)
36.5 (12.0-63.0)
0.0 (0.0-0.0)

Table 2: Description of Cerebrospinal fluid cytological parameters of patients with enterovirus meningitis

according to age. Brazil, 2011-2012

Age (in years)

Characteristics <2 <2e<6

Leukocytes (per mm?) 256.0 (35.0-500.0)

IC 182.3 - 490.8 156.4 - 273.5
Red blood cells 0.0 (0.0-5) 0.0 (0.0-0.0)
(per mm?) IC 8.6 - 37.9 0.035 - 3.5

Neutrophils (%) 18.0 (2.0-40.0)  40.0 (16.0-63.0)*

IC 11.1-31.2 35.3 - 46.8
Eosinophils (%) 0.0 (0.0-1.0) 0.0 (0.0-0.0)
IC 0.1-0.6 0.001 - 0.1
Lymphocytes (%) 59.0 (28.0-75.0)  36.0 (23.0-68.0)
IC 36.3-62.4 38.7 -49.9
Monocytes (%) 20.0 (14.0-41.0)  10.0 (6.0-21.0)*
IC 18.1 - 38.1 11.4 -16.2
Plasma cells (%) 0.0 (0.0-2.0) 0.0 (0.0-1.0)
IC 04-1.6 0.3-0.7
Macrophages (%) 0.0 (0.0-0.0) 0.0 (0.0-0.0)
IC 0.0 -0.0 0.0 - 0.0

<6e<10 <10e<20 <20 p
110.0 (50.0-315.0) 124.0 (64.0 -230.0) 122.0 (50.0-230.0) 126.0 (37.0-346.0) >0.05
136.6 - 245.1 121.2 - 305.1 84.1 - 393.4
0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) >0.05
(-)6.7 - 24.1 (-)0.73 -21.3 (-)0.3- 0.8
47.0 (20.0-68.0)*  28.0 (8.0-55.0) 35.0 (3.0-70.0) 0.004
36.4 - 51.2 21.8 - 40.6 21.2 - 56.8
0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) >0.05
0.01-0.2 (-)0.005 - 0.3 (-)0.06 - 0.3
42.0 (22.0-70.0)  62.0 (32.0-76.0)  49.0 (21.0-75.0) >0.05
37.5-52.5 45.5 - 64.2 31.8-63.1
9.0 (6.0-15.0)* 10.0 (6.0-16.0)" 10.0 (4.0-21.0) 0.001
8.8-13.1 8.7 - 14.0 7.4-18.3
0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.031
0.02-0.2 0.2-0.8 0.1-0.8
0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) >0.05
0.0-0.0 0.0 -0.0 0.0 - 0.0

Characteristics expressed in median and percentiles 25 and 75: (P25 and P75)

p <0.05 - Kruskal-Wallis test -CI = 95%

* Indicates statistical difference between the age group < 2 years and the > 2 and < 6 years (p < 0.05).
# Indicates statistical difference between the age group < 2years and the > 6 to < 10 years (p < 0.05).
" Indicates statistical difference between the age group < 2 years and > 10 and < 20 (p < 0.05).
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Table 3: Description of Cerebrospinal fluid biochemical parameter of patients with enterovirus meningitis

according to age. Brazil, 2011-2012

Characteristics <2

Proteins (mg/dL)

IC 45.1-74.5 28.2-33.9

Glucose (mg/dL)

IC 42.4-52.9 56.6-60.4

Lactate (mg/dL) 14.8 (12.6-18.3)

IC 13.7-18.7 18.1-19.8

<2e<6

56.0 (32.0-79.0) 27.0 (22.0-35.0)* 32.3 (27.0-41.0)# 43.0 (31.0-52.0)+ 47.0 (42.0-58.0)"

47.0 (41.0-54.0) 57.0 (53.0-63.0)* 57.0 (53.0-64.0)# 60.0 (55.0-66.0)" 59.0 (56.0-65.0)*

19.3 (16.1-21.8)

Age (in years)

<6eM<10 <10 e <20 <20 p
0.0001
32.3-39.7 37.3-47.6 41.3-55.1
0.0004
54.5-61.1 58.1-64.3 54.8-65.6
19.0 (16.6-22.6) 19.8 (16.3-22.2) 18.4 (16.4-22.7) 0.019
18.3-20.7 18.1-20.6 16.1-21.5

Charactenstlcs expressed in median and percentiles 25 and 75: (P25 and P75) p < 0.05 - Kruskal-Wallis test - CI = 95%
Indicates statistical difference between the age group < 2 years and the > 2 and < 6 years (p < 0.05).

TH o

AT

DISCUSSION

Viral diseases that affect the central nervous
system represent a significant burden to human
health throughout the world. The complexity of
these diseases is influenced by the great variety of
existing viruses and their variable forms of infection
that affect the central nervous system®. Because of
this, it is so important to have precision in etiologic
diagnosis, especially when it comes to individuals
in special age groups. In these cases, especially in
newborns, viral meningitis may be high-risk
diseases, as far as bacterial meningitis?®.

It is a challenge to distinguish serious and
benign bacterial and viral infections, especially in
pediatric subjects'’. The analysis of some of the CSF
laboratory parameters (PCR, leukocytes,
erythrocytes, glucose, and proteins) is often the
first clue to the diagnosis'® 8,

The number of CSF leukocytes may vary with
the infectious agent. In healthy individuals, the CSF
may present up to 4 leucocytes/mm?3, whereas this
number can reach up to 1000 leukocytes/mm?3 with
viral infections, or even exceed 1000 leukocytes/
mm?3 with bacterial infections!.

This study found a median concentration of
119.0 leucocytes/mm?3, with a predominance of
lymphocytes (42%), followed by neutrophils
(36.5%). A study of enterovirus meningitis found
149 leucocytes/mm?3 as an average concentra-
tion®. This difference may be related to the fact
that the study subjects were all children, while in
our study both children and adults were
evaluated. An approximate value was also found
in a study of aseptic meningitis in individuals
positive for enterovirus, with a concentration of 159
leukocytes/mm?3 and 40% neutrophils®. The
predominant type of leukocyte is important to know
in order to assist in the diagnosis. There is a
predominance of neutrophils in bacterial
meningitis, while in viral meningitis lymphocytes
are usually predominant!-t3,

In this study, red blood cells were not
observed in the CSF. In a study of patients with
meningitis, a concentration of 15 erythrocytes/mm3
was observed in patients with aseptic meningites,

Indicates statistical difference between the age group < 2years and the > 6 to < 10 years (p < 0.05).
Indicates statistically significant differences between age < 2 years and > 10 and <20 (p < 0.05).
Indicates statistical difference between the age group < 2 years and the > 20 years (p < 0.05).
Indicates statistical difference between the age group of < 2 and < 6 years > 10 and < 20 (p < 0.05).
Indicates statistical difference between the age group of < 2 and < 6 years > 20 (p < 0.05).

and a higher value (53 erythrocytes/mms3) in
patients with bacterial meningitis?3.

The values of CSF biochemical parameters
are also key. Noteworthy are mainly protein,
glucose, and lactate. In this study, there was a
median dosage concentration of 33.0 mg/dL for
proteins, 57.0 mg/dL for glucose and 19.0 mg/dL
for lactate.

A protein concentration of 56.9 mg/dL and a
glucose concentration of 64.5 mg/dL were found in
a study on enterovirus detection in pediatric patients
with aseptic meningitis®. In a study of viral
meningitis in Korea, it was found that individuals
with enterovirus infections showed a protein
concentration with a median value of 39 mg/dL and
glucose of 59 mg/dL'?, which is similar to this study
findings.

Glucose and protein concentrations also serve
as a parameter to the etiology differential. In a CSF
study in aseptic and bacterial meningitis, it was
found that the glucose concentrations are low and
the protein concentration rises in bacterial
meningitist3.

The CSF lactate levels are among the most
useful tests to distinguish bacterial and viral
meningitis!. In this study, a lactate concentration
of 19.0 mg/dL was observed. The increase in CSF
lactate is a potential marker for bacterial meningitis,
and can provide early diagnosis information. It is
produced by bacterial anaerobic metabolism and is
unaffected by blood lactate concentration. The
lactate level is elevated in cases of bacterial
meningitis, and a concentration of 35 mg/dL may
be a cutoff value to distinguish aseptic and bacterial
meningitist4.

It was found that age is a factor that can lead
to changes in concentrations of some of the CSF
parameters for leukocyte, glucose, and protein
concentrations.

For leukocyte differential, it was found that
the age group < 2 years had a range of less
neutrophil counts (CI = 11.1-31.2) compared to
the groups aged > 2 and < 6 years (p < 0.05) and
> 6 and < 10 years (p <0.05). Monocytes also
fluctuated in their concentration according to age;
higher scores were observed at age < 2 years
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(CI = 18.1-38.1) when compared to the ages > 2
and < 6 years (p < 0.05), > 6 and < 10 years
(p < 0.05) and > 10 and < 20 years.

The CSF protein concentration was lower in
individuals aged < 2 years when compared to those
aged > 2 and < 6 years (p < 0.05), and > 6 and
< 10 years (p < 0.05). The group aged > 2 and < 6
years had a lower concentration range than
individuals aged > 10 and < 20 years (p < 0.05)
and with > 20 years (p < 0.05).

For glucose, it was observed that there was
difference between < 2 years age group in relation
to other age groups. Its concentration was lower in
this age group (p < 0.05).

In children, the establishment of reference
values in laboratory tests in the literature has been
a field of discussion among health professionals. It
is known that the values observed for CSF cell
numbers, glucose, and protein in individuals less
than 60 days old tend to be different from those
observed in older children and adults®®.

In studies of children with aseptic meningitis,
the enterovirus positive group showed an increase
in the concentration of leukocytes according to
age. Children under 2 years of age had values of
38 leukocytes/mm3, while children aged 6 to 10
years showed a concentration of 156.6 leukocytes/
mm.3 No leukocyte differential percentages were
reported. There was also an inverse relationship
between the concentration of protein and age®.

In a study on CSF features in febrile children
in the emergency department, it was observed that
blood cells and CSF protein concentration decrease
with increasing age. No clear relationship with
increasing age was observed for glucoset®.

Importantly, children under 6 years of age
were the ones that showed the most changes in
some parameters when compared to other age
groups in these studies®*¢, which may increase the
difficulty in diagnosing this group. The
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Resumo

Introducao: A meningite é a principal sindrome infecciosa que afeta o Sistema Nervoso Central, e
grande parte dos casos sdo ocasionados por infecgdes virais, principalmente por enterovirus. O
diagndstico clinico para a verificacdo da etiologia da meningite ainda apresenta grandes desafios. As
analises de Reagdo em Cadeia da Polimerase (PCR), leucocitos, hemacias, glicose, proteina e lactato
no liquido cefalorraquidiano (LCR) fornecem os primeiros indicios para o diagnostico. No entanto, os
valores de referéncia de alguns parametros podem sofrer alteracGes. Objetivo: Verificar parametros
laboratoriais do liquido cefalorraquidiano em individuos com meningite por enterovirus e, posterior-
mente, analisar suas relagdes por faixa etaria. Método: Foi realizado um estudo descritivo, com
base nos dados do servico de referéncia de coleta de liquido cefalorraquiano, localizado em Sao
Paulo, Brasil. Totalizaram 202 individuos que apresentaram meningite por enterovirus. Os dados
foram analisados pelo teste de Shapiro-Wilk e Kruskal-Wallis (IC = 95%, p < 0,05) e representados
pela mediana e percentil 25 e 75. Resultados: Os parametros bioquimicos e citoldgicos do LCR
apresentaram concentracdes medianas de proteinas de 33.0 mg/dL, de glicose de 57.0 mg/dL e
lactato de 19.0 mg/dL e dos leucécitos de 119.0 células/mm3, com predominancia de linfocitos
(42%). Verificou-se que a diferenca etaria pode levar as alteragées nos parametros citoldgicos e
bioquimicos do LCR. As criangas menores que dois anos apresentaram intervalo de percentual de
neutroéfilos e mondcitos diferentes das criangas com faixa etariade = 2e <6 anosede =6e < 10
anos. A faixa de concentragdo de proteina no LCR, assim como a faixa da glicose também podem
sofrer alteracGes segundo a idade. Conclusao: Os parametros bioquimiocitolégicos do liquido
cefalorraquidiano em individuos com meningite por enterovirus apresentaram concentragdes medi-
anas similares as encontradas na literatura. A diferenca etaria pode levar a alteragdes nos parametros
bioquimiocitoldégicos do LCR de individuos com meningite por enterovirus, evidenciando diferentes
padrdes principalmente nas concentragdes de neutrofilos, mondcitos, proteina e glicose nos grupos
estudados.

Palavras-chave: enterovirus, liquido cefalorraquidiano, meningite viral.
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