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Abstract

Hypercellularity in cerebrospinal fluid (CSF) indicates neuroinflammation and is associated with several central nervous system (CNS) disorders. Accurate 
diagnosis requires total and differential cell counts, analysis of protein and glucose levels, and pathogen identification. This study aimed to establish the 
clinical and laboratory profile of patients with CSF hypercellularity at a university hospital in Southern Brazil between January 2020 and December 2023, 
identifying the most prevalent CNS alterations. Data were collected from laboratory tests and medical records, excluding patients under one year of age, 
those with fewer than five cells in CSF cytology, and those with incomplete data. Hypercellularity was defined as more than 5 cells/mm³. Infections were 
the most common condition associated with hypercellularity (48.3% of cases). Cellularity in neuroinfections [49 (8–304) cells/mm³] was significantly higher 
than that observed in the epilepsy [10 (5–23) cells/mm³] and autoimmune groups [8 (6–14) cells/mm³] (p = 0.002). Glucose levels were lower in bacterial 
[52 (28–68) mg/dL] and fungal infections [31 (20–51) mg/dL] compared to viral infections [60 (33–72) mg/dL] (p < 0.001), while protein levels were higher in 
bacterial infections than in viral ones (p < 0.027). In this context, our findings elucidate key aspects and provide a profile of CSF analyses with high cellularity, 
demonstrating that microbial infections are the most prevalent CNS disorders in the studied population. These results highlight the need for technical 
accuracy and the standardization of clear reference values for identifying hypercellularity, enabling clinicians to make more precise diagnostic decisions.
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Resumo

A hipercelularidade no líquido cefalorraquidiano (LCR) é um marcador de neuroinflamação e está associada a diversas doenças do sistema nervoso central 
(SNC). O diagnóstico preciso requer contagem total e diferencial de células, análise dos níveis de proteína e glicose, além da identificação de patógenos. 
Este estudo teve como objetivo estabelecer o perfil clínico e laboratorial de pacientes com hipercelularidade no LCR em um hospital universitário no sul 
do Brasil, entre janeiro de 2020 e dezembro de 2023, identificando as alterações mais prevalentes no sistema nervoso central. Os dados foram coletados 
a partir de exames laboratoriais e prontuários médicos, sendo excluídos pacientes com menos de um ano de idade, aqueles com menos de cinco 
células na citologia do LCR e com dados incompletos. A hipercelularidade foi definida como mais de 5 células/mm³. As infecções foram a condição mais 
frequentemente associada à hipercelularidade (48,3% dos casos). A celularidade nos casos de neuroinfecção [49 (8–304) células/mm³] foi significativamente 
maior do que nos grupos com epilepsia [10 (5–23) células/mm³] e doenças autoimunes [8 (6–14) células/mm³] (p = 0,002). As infecções bacterianas [52 
(28–68) mg/dL] e fúngicas [31 (20–51) mg/dL] apresentaram níveis de glicose mais baixos em comparação com as infecções virais [60 (33–72) mg/dL] 
(p < 0,001), enquanto as infecções bacterianas apresentaram níveis de proteína mais elevados em comparação às virais (p < 0,027). Nesse contexto, os 
achados elucidam aspectos centrais e fornecem um perfil das análises de LCR com alta celularidade, demonstrando que as infecções microbianas são 
as doenças do SNC mais prevalentes na população estudada. Isso ressalta a necessidade de precisão técnica e da padronização de valores de referência 
claros para a identificação da hipercelularidade, possibilitando que os médicos tomem decisões clínicas mais precisas.
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INTRODUCTION

Cerebrospinal fluid (CSF) is a complex biological fluid 
primarily produced by the choroid plexuses, which are 
secretory tissues located in specific ventricles and, to a 
lesser extent, in the interstitial and subarachnoid spaces.
(1) This fluid circulates between the cerebral ventricles and 
the subarachnoid space, located between the arachnoid 
leptomeninges and the pia mater in the brain and spinal 
cord, playing an essential role in mechanical protection. 
It functions as a shock absorber for the brain and spinal 
cord, protecting them from external shocks, traumas, and 
pressure. Furthermore, it is fundamental in maintaining brain 
buoyancy, defending the central nervous system (CNS) against 
infectious agents, removing waste and toxic substances, and 
circulating nutrients.(2,3)

CSF analysis is a cornerstone in diagnosing neurological 
disorders, where hypercellularity—defined as an abnormal 
increase in nucleated cells—serves as a key diagnostic 
marker.(4–6) Under physiological conditions, CSF cellularity is 
remarkably low, with reference values typically ranging <5 
cells/μL in adults and <20 cells/μL in neonates.(7-9) This strict 
threshold reflects the blood-brain barrier’s (BBB) restrictive 
role, which permits only limited immune surveillance (e.g., 
activated T cells) but prevents widespread immune cell 
infiltration.(7,10)

However, neuroinflammatory processes disrupt this 
equilibrium. Infections (bacterial, viral, fungal, or parasitic), 
autoimmune diseases, trauma, or neoplasms can trigger 
immune cell migration into the CSF via postcapillary venules, 
the choroid plexus, or the arachnoid barrier.(6,11,12) Despite 
the diagnostic utility of hypercellularity, critical gaps persist, 
like: 1. Disease-specific patterns: While elevated cell counts 
signal pathology, the differential composition of immune 
cells (e.g., neutrophils in bacterial meningitis vs. lymphocytes 
in viral infections) and their correlation with etiologies 
remain inadequately characterized;(4,13-15) 2. Prognostic 
value: The relationship between cellularity levels, subtypes 
of infiltrating cells, and clinical outcomes (e.g., treatment 
response, mortality) is poorly understood, particularly in 
resource-limited settings;(16-18) 3. Regional disparities: Most 
studies defining CSF norms and inflammatory profiles derive 
from high-income countries, limiting their generalizability 
to populations with distinct epidemiological burdens (e.g., 
higher rates of neuroinfections in tropical regions).(19,20)

In southern Brazil, where infectious and inflammatory 
CNS diseases are prevalent, a detailed understanding of CSF 
hypercellularity patterns could optimize diagnostic workflows 
and prognostic assessments. To address these gaps, this study 
aimed to establish a clinical-laboratory profile of patients 
with CSF hypercellularity treated at a university hospital in 
southern Brazil from January 2020 to December 2023.

MATERIALS AND METHODS

The dataset comprised medical records and laboratory 
test results from all patients who underwent CSF examinations 
at the University Hospital of Santa Maria in Rio Grande do Sul 
(southern Brazil) between January 1, 2020, and December 31, 
2023. The inclusion criteria were as follows: age of at least one 
year, presence of more than 5 cells/mm³ in CSF (indicative of 
increased cell count)(7,8,9), and a properly completed medical 
record, along with laboratory data including at least cellularity, 
glycorrhachia, and protein levels.

During this period, 3,250 samples were analyzed at 
the hospital. Patients under one year of age (n=798) were 
excluded due to the blood-brain barrier still being formed, 
which could result in a different response profile to the 
assessed disorders. Additionally, patients who presented 
less than five cells in CSF cytology were excluded from the 
analysis (n=1,790), as we aimed to evaluate patients with 
increased cell levels. Patients with incomplete data in the 
hospital’s medical records and laboratory examination system 
were also excluded (n= 87). Of the remaining 575 samples 
analyzed, 251 were excluded due to being multiple samples 
from the same patients who underwent multiple analyses 
throughout the study period. In cases where a patient had 
undergone multiple lumbar punctures at different times, the 
results from the collection with the highest number of cells 
in the CSF cytology were included. Thus, after these excluded 
data, this study involved the participation of 325 patients.

Clinical data collected included the subject’s sex, age, 
serology, diagnoses obtained, and deaths. Laboratory data 
included cytological examination of the CSF, glucose and 
protein levels measurements, and tests designed to identify 
etiological agents. The glucose and protein levels were 
quantified by enzymatic and immunoturbidimetric methods, 
respectively, using the Dimension RxL analyzer (Siemens 
Healthcare Diagnostics Inc., USA). The total cell count was 
obtained using a Fuchs-Rosenthal chamber. A differential 
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cell count was performed by optical microscopy in a slide 
prepared using an Excelsa 3400 cytocentrifuge (Fanem, 
Brazil), followed by staining with MayGrünwald-Giemsa. 
The laboratory where the data were collected participates in 
both internal and external quality assurance programs under 
the National Quality Control Program (PNCQ). The study was 
conducted in accordance with the Declaration of Helsinki. 
This study was approved by the institution’s Research Ethics 
Committee (CAAE no. 23081.034325/2022-52).

STATISTICAL ANALYSIS 

The statistical analyses were conducted using SPSS 
version 22.0 (IBM, USA) and GraphPad Prism version 5.04 
(GraphPad, USA) software. The Kolmogorov-Smirnov 
normality test was employed to test the distribution of 
the variables. Given that the data did not exhibit a normal 

distribution, we expressed them as medians and interquartile 
ranges. Comparisons between groups were performed using 
the Kruskal-Wallis test and Dunn’s multiple comparison test 
when significant. The count of individuals and percentages 
represented categorical variables, and the chi-square test 
was applied for comparative analysis. A significant threshold 
of 5% (p<0.05) was adopted.

RESULTS

Upon samples examination of the 325 patients, we 
observed that most (48.3%) presented with CNS infections. 
The second most prevalent cause of elevated cell counts was 
neoplasms, accounting for 16% of cases. A comprehensive 
overview of all conditions that result in increased cellularity 
within the CNS is presented in Table 1.

Table 1
Etiology of hypercellularity in cerebrospinal fluid according to diagnostic category in 325 samples analyzed in a University Hospital

Diagnostic category Confirmed
n = 240

Confirmed +  presumed*
n = 325

General infections 72 (30.0) 157 (48.3)

Bacterial infections  36 (50.0) 67 (42.7)

Viral infections 9 (12.5) 40 (25.5)

Fungal infections 16 (22.2) 18 (11.5)

Parasitic infections 7 (9.7) 7 (4.5)

Concomitant bacterial and fungal infections 3 (4.2) 3 (1.9)

Concomitant fungal and parasitic infection 1 (1.4) 1 (0.6)

Undefined etiology 21 (13.4)

Autoimmune 15 (6.2) 15 (4.6)

Neoplasms 52 (21.6) 52 (16.0)

Stroke/Trauma 36 (15.0) 36 (11.1)

Epilepsy 23 (9.6) 23 (7.1)

Others 42 (17.5) 42 (12.9)

The results are expressed as some individuals (percentage). *Presumed: when a diagnosis was established without laboratory confirmation, typically through clinical manifestation or image diagnostic (magnetic resonance imaging or 
computed tomography).



RBAC. 2025;57(2):192-199
195

Hypercellularity of cerebrospinal fluid | Dutra CF, Casal LB, Costa-Neto JB, Nascimento FG, Carvalho JAM, Paniz C

Most of the 325 patients included in the study were male, 
with a median age of 37. Among the patients, 63 (19.4%) were 
living with human immunodeficiency virus (HIV), and 77 (23.7%) 
died. The characteristics of all study patients, stratified by the 
different groups of diagnosed diseases, are presented in Table 2.

Additionally, we found significant discrepancies between 
the stratified groups when comparing cellularity, CSF protein, 
and glycorrhachia (i.e., CSF glucose levels. Cellularity in 
neuroinfection [49 (8–304) cells/mm³] was significantly 
higher than that observed in the epilepsy group [10 (5–23) 

cells/mm³] and the autoimmune group [8 (6–14) cells/mm³] 
(p= 0.002). In epilepsy, CSF protein levels were lower [31.2 
(22.2–72.9) mg/dL] than those observed in the neuroinfection 
group [81.8 (45.8–172.0) mg/dL] (p=0.004). The highest 
glycorrhachia values were found in the stroke/trauma group 
[73.0 (61.0–91.7) mg/dL], being significantly higher than those 
in the neuroinfection [53.5 (38.7–71.0) mg/dL] and neoplasia 
[54.0 (48.0–76.0) mg/dL] groups (p<0.001). Detailed data on 
cellularity, CSF protein, and glycorrhachia across CNS disease 
groups are presented in Table 3.

Table 2
Profile of patients who underwent lumbar puncture between 2020 and 2023 with more than 5 cells/mm³ in the cerebrospinal fluid, treated at a University Hospital

Variables
Total

n = 325
Infection
n = 157

Autoimmune
n = 15

Neoplasms
n = 52

Epilepsy
n = 23

Stroke or 
trauma
n = 36

Others
n = 42

p

Age (Y) 37 (12–56) 37 (10–52)a 36 (10–55)a,b,c 41 (10–59)a,c 8 (5–25)b 52 (37–62)c 40 (23–57)a,c < 0.001

Sex (Female) 132 (40.6) 62 (39.5) 8 (53.3) 19 (36.5) 13 (56.5) 8 (22.2) 22 (52.4)  0.046

HIV 63 (19.4) 38 (24.2)a 0 (0.0) 6 (11.5) a,b 5 (21.7) a,b 1 (2.8)b 13 (31.0)a  0.003

Outcome (death) 77 (23.7) 37 (23.6)a 1 (6.7)a 24 (46.2)b 2 (8.7)a 7 (19.4)a 6 (14.3)a  0.001

Continuous variables are presented as median with interquartile ranges. The Kruskal-Wallis test was employed to compare the groups. Dunn’s multiple comparison test was performed when a statistically significant difference was identified. 
Categorical variables are expressed as the number of individuals (percentage) and values ​from different groups were compared using the Chi-square test.

Table 3
Cerebrospinal fluid cellularity, protein, and glycorrhachia in different groups of diseases of the central nervous system from patients who underwent lumbar puncture 
between 2020 and 2023 with more than 5 cells/mm³ in the cerebrospinal fluid, treated at a University Hospital

Variables Infection Autoimmune Neoplasms Epilepsy Stroke or trauma p

Cells (/mm³) 49 (8–304)a

n = 157
8 (6–14)b,c

n  = 15
14 (6–64)a,c,d

n = 52
10 (5–23)b,d

n = 23
15 (7–47)a,c,d

n = 36
0.002

Protein (mg/dL) 81.8 (45.8–172.0)a

n = 154
67.5 (49.0–492.1)a,c

n = 14
52.9 (34.5–106.8)a,d

n = 44
31.2 (22.2–72.9)b,c,d

n = 23
78.2 (52.2–127.4)a,c

n = 35
0.004

Glycorrhachia (mg/dL) 53.5 (38.7–71.0)a

n = 154
67.0 (60.0–74.5)a,c

n = 14
54.0 (48.0–76.0)a

n = 42
62.0 (47.0–79.0)a,d

n = 23
73.0 (61.0–91.7)b,c,d

n = 36
<0.001

Different superscript letters between columns indicate differences between groups. The Kruskal-Wallis test was employed to compare the groups. Dunn’s multiple comparison test was performed when a statistically significant difference was identified.



RBAC. 2025;57(2):192-199
196

Hypercellularity of cerebrospinal fluid | Dutra CF, Casal LB, Costa-Neto JB, Nascimento FG, Carvalho JAM, Paniz C

Figure 1
Cerebrospinal fluid cellularity (A), glycorrhachia (B), proteinorrachia (C), and cellular predominance (D) in the different groups of infection 
etiologies from 157 patients with meningitis who underwent lumbar puncture between 2020 and 2023 with more than 5 cells/mm³ in 
the cerebrospinal fluid, treated at a University Hospital

Different letters at the top of the group data indicate differences between them. The Kruskal-Wallis test was employed to compare the groups. Dunn's multiple comparison test was performed when 
a statistically significant difference was identified.

We found significant differences between glycorrhachia 
and CSF protein levels regarding the leading agents causing 
neurological infections. Notably, bacterial [52 (28-68) mg/dL] 
and fungal infections [31 (20-51) mg/dL] exhibited significantly 
lower glucose levels compared to viral infections [60 (33-72) 
mg/dL] (p<0.001), while bacterial infections demonstrated 
markedly elevated protein concentrations [109 (56-251) mg/
dL] compared with viral ones [65 (37-110) mg/dL (p=0.027). 

Cellularity was most pronounced in bacterial infections, 
with neutrophilic predominance, whereas viral, fungal, and 
parasitic infections showed lymphocytic predominance. 
Figure 1 illustrates the triad of (A) neutrophilic-predominant 
cellularity in bacterial infections, (B) severe hypoglycorrhachia 
in bacterial/fungal cases, (C) disproportionate proteinorachia 
elevation in bacterial etiologies and (D) cellular predominance 
in each neuroinfection group.
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and metabolism, which influence varying levels of glucose 
consumption and the immune response to bacteria, resulting 
in increased proteinorachia.(19,20)

Cytologically, most bacterial infections showed 
neutrophilic predominance, while the remaining infections 
showed lymphocytic predominance. These data illustrate 
the well-established phenomenon of the immune response, 
which favors neutrophilia in bacterial infections and 
lymphocytosis in viral, fungal, and parasitic infections.
(10) This cytological behavior may be associated with the 
specific location of the infection, such as meningitis, 
meningoencephalitis, encephalitis, or myelitis.(23) However, 
it is noteworthy that many bacterial infections of the CNS 
have lymphocyte predominance. Therefore, the clinician 
must be aware of this finding to avoid delays in treating 
bacterial meningitis, which can often prove fatal. In contrast, 
Jaijakul and peers(15) presented an alternative perspective 
on this overlap. In a multicenter study conducted in the 
United States, which included 182 patients with confirmed 
viral neurological infections, 25% exhibited the CSF’s 
neutrophilic dominance. The study concluded that this 
overlap is more prevalent during the initial days of infection. 
The presumption regarding etiological agents in most cases 
arises from several limitations present in the health system, 
including the low sensitivity of the Gram method and the 
time required for microbial cultures to grow. Furthermore, 
leukocyte predominance and non-laboratory practices such 
as neuroimaging exams allow for this presumption and a 
faster initiation of treatment.(13)

The variability in cellular patterns underscores the 
complexity of diagnosing CNS infections. Beyond laboratory 
findings, patient-specific factors such as immune status play 
a pivotal role. In this context, our findings also revealed that 
19.4% of the patients were living with HIV, a prevalence 
consistent with the observations of Chen et al.(16), who 
reported that HIV-associated immunosuppression increases 
susceptibility to opportunistic CNS infections. This aligns 
with earlier evidence from Onkarappa et al. (2020),(24) whose 
retrospective study on HIV/AIDS-associated neuroinfections in 
India underscored the heightened risk of CNS complications 
in this population. Notably, their work identified opportunistic 
infections as the most frequent neurological manifestation 
in AIDS patients and a major contributor to mortality.

In our cohort, mortality among HIV-positive patients 
reached 23.7%, further emphasizing the severe clinical 
trajectory of HIV-related neurological disease. This 

DISCUSSION

This study conducted a retrospective analysis of data 
from patients with CSF hypercellularity treated at a university 
hospital to outline profiles for different diseases and identify 
changes in laboratory parameters. Hypercellularity in the 
CSF is an essential marker for inflammatory or infectious 
processes in the CNS and indicates the probable diagnosis 
of several diseases.(15)

The primary conditions associated with increased 
cellularity in CSF were neuroinfections, followed by neoplastic 
diseases and conditions related to stroke or trauma. These 
findings differ from a study conducted in Denmark, in 
which there was a predominance of neurological infections 
followed by vascular causes, degenerative diseases, and 
neoplasms.(11) The lack of data on patients with less than 
5 cells/mm³ in CSF may have excluded many cases of 
neurodegenerative diseases, which do not always present 
CSF hypercellularity.

Among all disease group, neuroinfections, including 
meningitis and encephalitis, exhibited a higher median 
cellularity compared to other disease groups. The high 
cellularity observed in bacterial infections indicates 
acute inflammation.(14) Additionally, both neuroinfections 
and neoplastic diseases displayed reduced CSF glucose 
concentrations. The high demand for glucose by pathogenic 
microorganisms and cancer cells, as evidenced in several 
other studies, aligns with our results.(12,17,18)

The significant differences in glycorrhachia (bacterial/
fungal vs. viral) and CSF protein levels (bacterial > other 
etiologies) among etiological agents underscore distinct 
pathophysiological mechanisms: bacterial infections drive 
intense glycolysis and blood-brain barrier disruption, while 
viral infections elicit milder metabolic shifts.(21,22) These patterns, 
combined with neutrophilic (bacterial) vs. lymphocytic 
(viral/fungal) predominance, provide diagnostic leverage 
in resource-limited settings where pathogen confirmation 
is delayed (Table 3, Figure 1).

Furthermore, neuroinfections had bacteria as their 
main etiological agents, followed by viruses and fungi. A 
comparison of the characteristics of infections caused by the 
different classes revealed that bacterial and fungal infections 
exhibited lower median concentrations of glycorrhachia 
compared to viral infections. Moreover, bacterial infections 
had higher protein concentrations. These findings can be 
attributed to the inherent properties of microbial structure 
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fungal agents exhibited a more pronounced reduction in 
glycorrhachia compared to other infections.

The study also underscores the relatively low cellularity 
in most etiologies, particularly non-bacterial ones. This 
highlights the importance of technical precision in the 
laboratory preparation of CSF and the establishment of clear 
reference values for identifying hypercellularity. This allows 
physicians to make the most precise clinical decisions.

In summary, this study delineates the profile of patients 
undergoing CSF analysis in the region under study, which 
encompasses the areas served by a highly complex hospital 
in the central region of Rio Grande do Sul State in southern 
Brazil. Additional research, including multicenter analyses 
and complementary molecular methods, is needed to 
validate these findings and improve risk stratification in 
neuroinfections, particularly in underrepresented populations.
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