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Abstract: Objective: To investigate the diagnostic significance of immune cells and biochemical markers in the 
cerebrospinal fluid and blood of patients with brucella meningitis. Methods: A retrospective study was conducted 
to analyze the clinical data from 30 patients with Brucella meningitis (Group A), 30 patients with Brucella infection 
without neurological impairment (Group B), and 30 cases of non-brucella infection (Group C) that were collected 
from the People’s Hospital of Xinjiang Uygur Autonomous Region between January 2020 and December 2022. The 
levels of immune cells and biochemical markers in the cerebrospinal fluid and blood were compared between the 
three groups. Spearman correlation coefficient, logistic regression analysis, and receiver operating characteristic 
(ROC) curve analysis were used to assess the association between these factors and Brucella meningitis and to 
determine their diagnostic value. Results: A negative correlation was found between Brucella meningitis and CD3+, 
CD4+, CD4+/CD8+ T lymphocytes, glucose (C-Glu), and chloride ions (C-Cl) in the cerebrospinal fluid. Conversely, a 
positive correlation was observed between Brucella meningitis and blood CD4+, CD4+/CD8+ cells, cerebrospinal 
fluid protein (C-Pro), and lactate dehydrogenase (C-LDH). High levels of C-Glu and C-Cl were identified as protective 
factors, while elevated C-LDH was considered as a risk factor for Brucella meningitis. The area under the curve (AUC) 
for C-Glu, C-Cl, C-LDH, and their combination in predicting Brucella meningitis were 0.828, 0.860, 0.869, and 0.971, 
respectively. Conclusion: The levels of CD3+, CD4+, CD4+/CD8+ cells in the cerebrospinal fluid, as well as the levels of 
CD4+ and CD4+/CD8+ cells in the blood, are correlated with the occurrence of Brucella meningitis. C-Glu, C-Cl, C-LDH 
and their combination demonstrate significant potential in aiding the auxiliary diagnosis of Brucellosis meningitis.
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Introduction

Brucellosis, a zoonotic disease caused by 
Brucella bacteria, accounts for over 500,000 
new cases worldwide annually [1]. The disease 
can affect all body systems, with complex and 
diverse clinical manifestations that vary in 
severity [2]. When Brucella invades the ner-
vous system, it causes an inflammatory condi-
tion known as neurobrucellosis. Although the 
incidence of neurobrucellosis is only about 4%, 
it is a significant contributor to mortality among 
those affected [3]. Meningitis is the most com-
mon type of neurobrucellosis, with headache 
being the typical neurological symptom, with or 
without meningeal stimulation [4]. In most 
cases, patients with brucellosis meningitis do 

not exhibit obvious early clinical symptoms, and 
the majority of patients are only diagnosed 
after the occurrence of significant neurological 
damage.

A positive culture for Brucella in the blood or 
cerebrospinal fluid is the “gold standard”; how-
ever, Brucella is a slow-growing bacterium, typi-
cally requiring 5-7 days or longer for cultivation. 
This process demands highly specialized labo-
ratory training, and improper handling can pose 
a risk of infection to laboratory personnel [5]. 
Meanwhile, the cerebrospinal fluid in Brucellosis 
meningitis lacks specific distinguishing fea-
tures; it usually shows a mild-to-moderate 
increase in white blood cell count, predomi-
nantly lymphocytes, with protein levels that 
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may be elevated or normal, while glucose and 
chloride levels may be reduced or normal. 
Similarly, peripheral blood tests may reveal an 
increased white blood cell and lymphocyte 
count [6]. 

Immune cells play a critical role in the body’s 
defense system, directly influencing the surviv-
al and elimination of Brucella in the central ner-
vous system. The quantity, classification, and 
functional status of immune cells, along with 
alterations in biochemical levels, reflect the 
metabolic and internal environmental imbal-
ances induced by the disease. Integrating 
these immune cell and biochemical markers 
may facilitate early diagnosis of Brucella men-
ingitis [7]. Therefore, this study investigated the 
diagnostic significance of immune cells and 
biochemical markers in cerebrospinal fluid and 
blood in patients with Brucella meningitis.

Subjects and methods

Study design and patient inclusion

This retrospective study was conducted at the 
Xinjiang Uygur Autonomous Region People’s 
Hospital, involving cases from January 2020 to 
December 2022. Thirty patients diagnosed 
with Brucella meningitis (Group A) were select-
ed as the study subjects. Additionally, 30 
patients with brucellosis but without neurologi-
cal impairment (Group B) and 30 non-brucello-
sis patients without any infectious or central 
nervous system diseases (Group C) served as 
the control group.

Inclusion criteria for patients: (1) Clinically diag-
nosed with brucellosis (Group B) and brucello-
sis meningitis (Group A); (2) No history of infec-
tious diseases, no central nervous system 
disorders, no brucellosis infection, and no his-
tory of brucellosis exposure (Group C); (3) Age 
>18 years; (4) Complete medical records avail-
able. Exclusion criteria for patients: (1) Presence 
of other forms of meningitis or neurological dis-
orders; (2) Concomitant hepatic or renal insuf-
ficiency, or malignant tumor; (3) Pregnant or 
lactating women. This study was approved  
by the Ethics Committee of Xinjiang Uygur 
Autonomous Region People’s Hospital.

The diagnostic criteria for brucellosis are based 
on the “Guidelines for Diagnosis and Treatment 
of Brucellosis (for trial use)” issued by China in 

2012. (1) Epidemiological history: a recent his-
tory of close contact with livestock or residing 
in an endemic area; (2) Suspicious clinical 
symptoms: fever, fatigue, profuse sweating, 
muscle and joint pain, often accompanied by 
enlargement of the liver, spleen, lymph nodes, 
and testes; (3) Laboratory confirmation: pres-
ence of one or more positive results in the tube 
agglutination test, complement fixation test, or 
brucellosis anti-human immunoglobulin test, or 
isolation of Brucella.

There is currently no standardized diagnostic 
criteria for brucellosis meningitis. Based on 
clinical experience and previous research, the 
diagnosis was made following the confirmation 
of brucellosis and the presence of (1) signs and 
symptoms of suspected meningitis: such as 
fever, headache, vomiting, seizures, lethargy, 
disturbance of consciousness, and positive 
signs of meningeal irritation; (2) Laboratory 
findings: isolation of Brucella species from 
cerebrospinal fluid and/or positive anti-brucella 
antibodies in cerebrospinal fluid; (3) Cer- 
ebrospinal fluid analysis: typical meningitis 
changes, such as increased white blood cell 
count, elevated protein concentration, and 
decreased glucose level in cerebrospinal fluid; 
(4) Imaging findings: abnormalities on head and 
spinal cord MRI, such as meningeal thickening 
and hydrocephalus, support a diagnosis of 
Brucella meningitis [8-10].

Data collection

General data: age, gender, body mass index 
(BMI), course of disease was collected for three 
groups of patients. Laboratory data: lumbar 
puncture was performed within 24 hours after 
admission, and 5 mL of cerebrospinal fluid was 
collected. Following centrifugation at 200×g for 
10 minutes at 4°C, the supernatant was col-
lected for further analysis. On the morning of 
the second day after admission, 5 mL of venous 
blood was collected under fasting condition. 
The blood was centrifuged at 3000 rpm for 10 
minutes, and the supernatant was collected. 
The levels of CD3+, CD4+, and CD8+ T lympho-
cytes were detected using Flow cytometry in 
both cerebrospinal fluid and serum. The bio-
chemical results, including cerebrospinal fluid-
protein (C-Pro), cerebrospinal fluid-glucose 
(C-Glu), cerebrospinal fluid-chloride ion (C-CI), 
cerebrospinal fluid-lactate dehydrogenase (C- 



Immune cells and biochemical markers in Brucella meningitis

5099 Am J Transl Res 2024;16(9):5097-5105

LDH) were detected using an automatic bio-
chemical analyzer.

Outcome measures

(1) The differences in the collected data among 
the three groups were compared; (2) The cor-
relation between the statistically significant 
indicators identified in the univariate analysis 
and Brucella meningitis was analyzed; (3) 
Independent risk factors for Brucella meningi-
tis were identified from the factors with signifi-
cant correlation to Brucella meningitis; (4) The 
diagnostic efficacy of the influencing factors in 
Brucella meningitis was assessed.

Statistical methods

SPSS 26.0 was used for statistical analysis. 
Quantitative data following a normal distribu-
tion were described as mean ± standard devia-
tion (

_
x±s), and analyzed using the independent 

sample t-test or one-way analysis of variance 

(ANOVA) with post-hoc LSD-t test or Tamhane’s 
T2 test. Spearman’s correlation coefficient was 
used for correlation analysis, and Logistic 
regression analysis was used to identify influ-
encing factors for Brucella meningitis. The 
receiver operating characteristic curve (ROC) 
was used to evaluate the diagnostic perfor-
mance of influencing factors, with the area 
under the curve (AUC), sensitivity, specificity 
and cut-off value being calculated. The AUCs 
from different ROC curves were compared 
using the DeLong test. A P value less than 0.05 
was considered with statistical difference.

Results

The flow chart of this study is shown in Figure 1.

Comparison of general information among the 
three groups

There was no significant difference in age, gen-
der, body mass index (BMI), and disease dura-

Figure 1. Research flow chart.
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tion among the three groups (P>0.05), as 
shown in Table 1.

Comparison of immune cells

Significant differences were observed in the 
levels of CD3+, CD4+, CD8+ T lymphocytes and 
CD4+/CD8+ ratio in the cerebrospinal fluid 
among the three groups (all P<0.05). The 

than in Group B and C (all P<0.05), as shown in 
Figure 4.

Correlation analysis

Cerebrospinal fluid-CD3+, cerebrospinal fluid-
CD4+, cerebrospinal fluid-CD4+/CD8+, C-Glu, 
C-CI were negatively correlated with the occur-
rence of brucellosis meningitis, and blood-CD4, 

Table 1. Comparison of general data
Information Group A (n=30) Group B (n=30) Group C (n=30) F/χ2/t P
Age (years, 

_
x±s) 39.10±5.74 40.63±3.73 37.97±5.51 2.088 0.130

Gender [n (%)] 2.551 0.279
    Male 20 (66.67) 18 (60.00) 14 (46.67)
    Female 10 (33.33) 12 (40.00) 16 (53.33)
Body mass index (kg/m2, 

_
x±s) 21.93±2.48 22.05±2.08 21.62±2.88 0.229 0.769

Duration (months, 
_
x±s) 6.29±2.73 5.33±0.99 - 1.816 0.075

Figure 2. Comparison of cerebrospinal fluid immune cell contents among 
three groups. A: Comparison of CD3+ levels among three groups; B: Com-
parison of CD4+ levels among three groups; C: Comparison of CD8+ levels 
among three groups; D: Comparison of CD4+/CD8+ among three groups. 
Notes: CD3+: CD3-positive T-lymphocytes; CD4+: CD4-positive T-lymphocytes; 
CD8+: CD8-positive T-lymphocytes; *: P<0.05.

results showed that the levels 
of CD3+, CD4+, CD8+ and 
CD4+/CD8+ were lower in 
group A compared to Group B 
or group C (all P<0.05), as 
shown in Figure 2.

Significant differences were 
observed in the levels of CD3+, 
CD4+, CD8+ T lymphocytes 
and CD4+/CD8+ ratio in blood 
samples among all three 
groups (all P<0.05). Speci- 
fically, CD3+ in group B was 
higher than the group A and C; 
CD4+ in group A was higher 
than the group C; CD8+ in 
group B was higher than the 
group C; CD4+/CD8+ in group A 
and C were higher than the 
group B (all P<0.05), as shown 
in Figure 3.

Comparison of biochemical 
levels

The comparison of C-Pro, 
C-Glu, C-CI, C-LDH levels am- 
ong the three groups revealed 
statistically significant differ-
ences (all P<0.05). The levels 
of C-Pro and C-LDH in group A 
were higher than Group B or 
Group C, while the levels of 
C-Glu and C-CI were lower 
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blood-CD4+/CD8+, C-Pro, C-LDH were positively 
correlated with the occurrence of brucellosis 
meningitis (P<0.05), as shown in Table 2.

Logistic regression analysis

Brucella meningitis was used as the dependent 
variable (0= no, 1= yes), the significant factors 
(r>0.5/-0.5) in the correlation analysis were 
used as independent variables. The logistic 
regression analysis showed that high levels of 
C-Glu and C-CI were protective factors for the 
occurrence of Brucella meningitis, while a high 
C-LDH levels was risk factor for the occurrence 
of brucella meningitis (P<0.05), as shown in 
Table 3.

ROC analysis

The AUCs of C-Glu, C-CI, and C-LDH for the  
diagnosis of brucellosis meningitis were  
0.828, 0.860, and 0.869, respectively. Their 

nomous region, Inner Mongolia, Hebei, Liaoning 
and Jilin provinces [12]. Humans are infected 
through direct contact or ingestion of secre-
tions, body fluids, carcasses, or contaminated 
meat and milk from infected animals. Infection 
can also occur through inhalation of bacteria-
laden dust or bacteria entering the eye con-
junctiva. Common clinical symptoms of brucel-
losis include chills and fever, fatigue, headache, 
muscle pain, and joint pain [13]. Due to the 
diversity and nonspecific nature of these symp-
toms, particularly in non-pastoral areas, the 
incidence of brucellosis is high, leading to fre-
quent missed or delayed diagnoses. While 
most of them can be cured by regular treat-
ment, delayed diagnosis and treatment can 
result in chronic infections, resulting in complex 
conditions and poor treatment effects [14].

The pathogenesis of neurobrucellosis is very 
complex, and its specific mechanism remain 
unclear. It is generally believed that Brucella 

corresponding sensitivities 
were 93.33%, 76.67%, and 
80.00%, and specificities 
were 60.00%, 90.00%, and 
100.00%. The optimal cut-off 
values were determined to be 
3.2 mmol/L for C-Glu, 121.4 
mmol/L for C-Cl, and 40.3  
u/L for C-LDH. Furthermore, 
their combination resulted in 
an AUC value of 0.971, with  
a sensitivity of 90% and a 
specificity of 93%, in predic- 
ting brucellosis meningitis, 
which outperformed the AUCs 
of C-Glu, C-CI, and C-LDH 
alone (Z=3.376/2.810/2.406, 
P=0.007/0.005/0.016), see 
Figure 5 and Table 4.

Discussion

Brucellosis is the most com-
mon zoonotic disease world-
wide, mainly distributed in the 
Mediterranean, the Middle 
East, Africa, South America, 
and Asia [11]. In China, the 
disease is primarily concen-
trated in areas with developed 
farming and animal hus- 
bandry, including Shanxi, Heil- 
ongjiang, Xinjiang Uygur auto- 

Figure 3. Comparison of immune cell content in the blood among the three 
groups. A: Comparison of CD3+ levels among the three groups; B: Compari-
son of CD4+ levels among the three groups; C: Comparison of CD8+ levels 
among the three groups; D: Comparison of CD4+/CD8+ among the three 
groups. Notes: CD3+: CD3-positive T-lymphocytes; CD4+: CD4-positive T-lym-
phocytes; CD8+: CD8-positive T-lymphocytes; *: P<0.05.
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Table 2. Correlation analysis of the occurrence of brucellosis 
meningitis

Indicators
Brucellosis meningitis

r P
Cerebrospinal fluid-CD3+ 0.233 0.027
Cerebrospinal fluid-CD4+ 0.310 0.003
Cerebrospinal fluid-CD8+ 0.043 0.690
Cerebrospinal fluid-CD4+/CD8+ 0.283 0.007
Blood-CD3+ 0.149 0.162
Blood-CD4+ 0.218 0.039
Blood-CD8+ 0.059 0.581
Blood-CD4+/CD8 0.320 0.002
C-Pro 0.237 0.025
C-Glu 0.536 <0.001
C-CI 0.588 <0.001
C-LDH 0.602 <0.001
Notes: CD3+: CD3-positive T-lymphocytes; CD4+: CD4-positive T-lymphocytes; CD8+: 
CD8-positive T-lymphocytes; C-Pro: cerebrospinal fluid-protein; C-Glu: cerebrospinal 
fluid-glucose; C-CI: cerebrospinal fluid-chloride ion; C-LDH: cerebrospinal fluid-
lactate dehydrogenase.

Figure 4. Comparison of biochemical levels in the cerebrospinal fluid among 
the three groups. A: Comparison of C-Pro levels among the three groups; B: 
Comparison of C-Glu levels among the three groups; C: Comparison of C-CI 
level among the three groups; D: Comparison of C-LDH levels among the 
three groups. Notes: C-Pro: cerebrospinal fluid-protein; C-Glu: cerebrospinal 
fluid-glucose; C-CI: cerebrospinal fluid-chloride ion; C-LDH: cerebrospinal 
fluid-lactate dehydrogenase; *: P<0.05.

enters the brain parenchyma 
through the blood-brain barri-
er and infects the central ner-
vous system through the bl- 
ood-borne dissemination [15]. 
The most important pathologi-
cal process involves Brucella 
evading the immune system 
after infecting cells, leading to  
a chronic disease course. 
Macrophages are the main 
cells that Brucella invades to 
survive and replicate. The  
proliferation and replication  
of Brucella can impair the 
phagocytic function of macro-
phages, rendering them un- 
able to kill pathogens or pres-
ent antigens effectively. This 
evasion of the host’s immune 
defense allows Brucella to 
establish a persistent infec-
tion. Additionally, Brucella can 
inhibit macrophage apoptosis 
and the secretion of TNF-α, 
facilitating long-term survival 
within host cells and contribut-
ing to chronic persistent infec-
tion. Brucella evades immune 
clearance by escaping the 
actions of typical immune 
components such as neutro-
phils and NADPH oxidase, 
which may be the key to its 
ability to cause infection dur-
ing the incubation period [16]. 
Beyond evasion and phagocy-
tosis by innate immune cells, 
Brucella can inhibit MHC class 
I and MHC class II antigen-pre-
senting cells (APCs), reducing 
the ability of T cells to recog-
nize infections [17, 18]. More- 
over, Brucella affects the mat-
uration of dendritic cells, re- 
ducing IL-12 secretion, which 
halts T lymphocyte activation 
and weakens the adaptive 
immune response, thereby 
establishing a chronic infec-
tion. A meta-analysis by Zheng 
et al. showed that the propor-
tion of CD4+ T cells in the 
peripheral blood of patients 
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with brucellosis decreased significantly, while 
the proportion of CD8+ T cells increased, lead-
ing to a marked reduction in the CD4+/CD8+ 

tory response triggered by brucellosis increas-
es meningeal permeability, allowing water and 
electrolytes (including CI) to enter the menin-

Table 3. Logistic regression analysis of risk factors for brucellosis meningitis
Independent variables Beta. SE Waldχ P OR (95% CI)
C-Glu 1.571 0.588 7.152 0.007 0.208 (0.066-0.657)
C-CI 0.296 0.137 4.701 0.030 0.744 (0.569-0.972)
C-LDH 0.085 0.032 4.811 0.007 1.089 (1.023-1.158)
Notes: C-Glu: cerebrospinal fluid-glucose; C-CI: cerebrospinal fluid-chloride ion; C-LDH: cerebrospinal fluid-lactate dehydrogenase.

ratio [19]. However, in this 
study, we found that cerebro-
spinal fluid levels of CD3+, 
CD4+ and CD4+/CD8+ were 
negatively correlated with the 
occurrence of brucellosis me- 
ningitis, indicating that T lym-
phocyte immune dysfunction 
in patients with brucellosis 
meningitis may be primarily 
reflected at the level of cere-
brospinal fluid, rather than  
in peripheral blood. There- 
fore, it is crucial to streng- 
then the detection of these 
indicators in cerebrospinal 
fluid of patients with brucello-
sis. Early identification of T 
lymphocyte immune dysfunc-
tion in the cerebrospinal fluid 
can aid in the preliminary 
diagnosis of brucellosis me- 
ningitis.

At the biochemical level, this 
study showed that high levels 
of C-Glu and C-CI were protec-
tive factors for Brucella men-
ingitis, while high C-LDH level 
was a risk factor. The elevated 
C-Glu levels in the early stag-
es of infection may be due to 
the increased energy de- 
mands of Brucella as it grows 
within the cerebrospinal fluid, 
or due to the heightened 
activity of immune cells com-
bating the infection. However, 
as the disease progresses, 
C-Glu level gradually reduces, 
eventually falling below nor-
mal levels [20]. The inflamma-

Table 4. The performance of C-Glu, C-CI, and C-LDH in diagnosing 
Brucellosis meningitis

Indicators AUC 95% CI Sensitivity 
(%)

Specificity  
(%)

Cut-off 
value P

C-Glu 0.828 0.734-0.899 93.33 60 3.2 <0.001
C-CI 0.86 0.771-0.924 76.67 90 121.4 <0.001
C-LDH 0.869 0.781-0.931 80 100 40.3 <0.001
United 0.971 0.912-0.995 90 93.3 - <0.001
Notes: C-Glu: cerebrospinal fluid-glucose; C-CI: cerebrospinal fluid-chloride ion; C-
LDH: cerebrospinal fluid-lactate dehydrogenase.

Figure 5. ROC analysis of C-Glu, C-CI, and C-LDH for diagnosing Brucella men-
ingitis. Notes: C-Glu: cerebrospinal fluid-glucose; C-CI: cerebrospinal fluid-
chloride ion; C-LDH: cerebrospinal fluid-lactate dehydrogenase.
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geal space through the blood-cerebrospinal 
fluid barrier, thereby changing the composition 
of cerebrospinal fluid and reducing the content 
of CI [21]. The growth of Brucella and the result-
ing inflammatory edema in brain tissue, along 
with increased intracranial pressure, lead to 
reduced cerebral blood flow. This hypoxia-isch-
emia condition reinforces local glycolysis, 
enhancing lactic acid production and catalyzing 
en-zyme activity, thereby increasing C-LDH lev-
els. Additionally, as granulocyte proliferate, lac-
tic acid, which typically has limited ability to 
cross the blood-brain barrier, becomes more 
concentrated within the cerebrospinal fluid, 
largely independent of blood lactate levels [22].

ROC analysis showed that the AUCs of C-Glu, 
C-Cl and C-LDH in diagnosing Brucella meningi-
tis were all above 0.8. However, their sensitivity 
and specificity were relatively low. Notably, 
when these three indicators were combined, 
the AUC value increased to an impressive 
0.971, with both sensitivity and specificity 
exceeding 90%. This can be attributed to the 
fact that C-Glu levels are susceptible to fluctua-
tions in blood sugar levels, potentially masking 
the decrease in glucose caused by bacterial 
reproduction in infectious cerebrospinal fluid, 
leading to falsely normal or elevated C-Glu val-
ues [23]. Furthermore, when the blood-brain 
barrier is compromised, systemic lactate levels 
can impact cerebrospinal fluid C-LDH levels, 
potentially resulting in a false positive outcome 
[24]. Previous studies have indicated that indi-
vidual cerebrospinal fluid markers exhibit sub-
optimal sensitivity and specificity for diagnos-
ing bacterial meningitis [25]. Therefore, it is 
advisable to regularly monitor the levels of 
C-Glu, C-Cl, and C-LDH in brucellosis patients 
and perform a combined assessment of the 
three indicators.

Several limitations exist in this study. Firstly, 
the cohort was drawn from a single center, 
potentially introducing selection bias. Secondly, 
the retrospective nature limited the inclusion 
parameters to those available in existing medi-
cal records. Furthermore, the small sample size 
restricted the number of significant single fac-
tors included in logistic regression analysis, 
potentially leading to unavoidable confounding 
bias due to correlations among parameters. 
Therefore, future research can focus on high-
quality studies that explore the roles of C-Glu, 
C-Cl, and C-LDH in the pathogenesis of Brucella 

meningitis, providing a more robust scientific 
basis for effective prevention and treatment 
strategies.

In summary, the cerebrospinal fluid levels of 
CD3+, CD4+, CD4+/CD8+, and blood levels of 
CD4+ and CD4+/CD8+ are all correlated with the 
occurrence of brucellosis meningitis. C-Glu, 
C-Cl, C-LDH and their combination demonstrate 
significant potential for aiding in the auxiliary 
diagnosis of brucellosis meningitis. These find-
ings offer valuable insights for medical profes-
sionals to identify high-risk groups for Brucella 
meningitis and can therefore be given careful 
consideration.
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