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Appropriate, rapid and reliable laboratory tests are essential for the diagnosis and therapy of acute bacterial 
meningitis especially in children. The purpose of this study was to evaluate the diagnostic value of 
flowcytometric detection of CD64 surface marker on blood neutrophils in diagnosis of acute bacterial 
meningitis. Our work included 132 (74 males and 58 females) patients with suspected meningitis, whose 
ages ranged from 2 months to 11 year. Patients were subjected to full clinical examination, complete blood 
count (CBC), cerebrospinal fluid (CSF) chemical and bacteriological analysis and detection of CD64 surface 
marker on blood neutrophils (CD64+ leucocytes). Based on the microbial culture results, patients were 
classified into bacterial meningitis group I (44) and non bacterial meningitis group II (88). The most prevalent 
isolates were Streptococcus pneumoniae (23) followed by H. influenzae (9) and N. meningitidis (6). 
Flowcytometry results indicated that the mean percentage of neutrophil CD64+ expression in bacterial 
meningitis (71.38±7.11) was significantly higher compared to culture negative meningitis (48.63±14.55) and 
controls (4.37 ±3.5). Flowcytometric assessment of neutrophil CD64 expression could serve as a reliable 
laboratory tool for detection of bacterial meningitis and may be a useful adjunct in differentiating bacterial 
and non bacterial meningitis 

acterial meningitis is a severe 

infection of central nervous system 

which occurs especially in children 

(Grimwood et al., 2000). The mortality rate is 

approximately 5% and the long-term 

morbidity of persistent neurological damage, 

intellectual and auditory impairment 15% 

(Pelkonen et al., 2009). Meningitis is usually 

suspected on the basis of the clinical 

presentation of patient and the finding of 

pleocytosis in the cerebrospinal fluid (CSF) at 

lumbar puncture. Direct microscopy and 

culture, still used in the laboratory as gold 

standard for diagnosis of bacterial meningitis. 

However culture is commonly not available 

for at least 48 -72 h. (Welinder et al., 2009). 

Diagnostic indicators of the acute 

inflammation have shown few innovations in 

the past few decades. A battery of tests 

including ESR, CRP and serum procalcitonin 

are used in laboratory evaluation of patients 

with suspected infection as acute meningitis 

(Davis et al., 2006). CD 11b and CD 64 

markers on neutrophil have been found to be 

promising markers for diagnosis of infections. 

Neutrophils CD64 integral membrane 

glycoprotein known as an Fc receptor binds 

monomeric IgG-type antibodies (FcγRI) 

(Nimmerjahn and Ravetch 2006). Neutrophil 

CD64 expression is one of many antigenic 

changes during the normal acute 

inflammatory response (Groselj-Grenc et al., 

2009). Neutrophil expression of CD64 is 

upregulated under the influence of interleukin 

12, interferon gamma and granulocyte colony-

stimulating factor. The normal baseline 

neutrophil CD64 expression is negligible. 

Additionally, CD64 expression is stable at 

room temperature, in contrast to the labile 

expression of other neutrophil antigens. Thus, 

CD64 appears ideal as a surrogate marker of 

acute inflammatory response. Furthermore, 
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this form of Fc receptor has been shown to be 

functional in eliciting neutrophil functions 

used in antibacterial responses (Davis et al., 

2006). Several published studies have 

indicated that neutrophil CD64 is an ideal 

candidate for evaluation as a marker of 

infection in sepsis (Hoffmann, 2009). 

However, its role in diagnosis of meningitis 

not yet fully investigated. The aim of our 

study was to evaluate the diagnostic value of 

neutrophil CD64 in bacterial meningitis as a 

marker for infection. 

Materials and Methods 

The study included 132 (74 males and 58 females) 

patients, with ages ranging from 2 months to 11 years, 

attended Menufia fever hospital with suspected 

meningitis. The demographic and clinical 

characteristics of the patients were recorded on 

admission. Meningitis was suspected on the basis of the 

clinical presentation of patients and CSF laboratory 

findings (Welinder et al., 2009). The studied patients 

were categorized into two groups: Group I (bacterial 

meningitis) comprised 44 patients, their CSF showed: 

increased protein >2g/l, leukocyte count > 1500 cell\ml 

and polymorph nuclear leukocyte domination. Our gold 

standard for diagnosis of bacterial meningitis was 

identification of bacterial agents in gram staining 

and/or positive bacterial culture. Group II (non 

bacterial meningitis),) comprised 88 patients with 

culture negative meningitis, they were included in the 

group if no bacteria were documented on Gram-stain 

and bacterial culture of their CSF (Taskin et al., 2004). 

Blood samples were taken from 10 age and sex 

matched healthy children as controls. Blood samples 

were collected from all cases and controls and divided 

in two parts, one part for CBC which done for all cases 

and controls, the other part for flowcytometric 

detection of CD64 expression on neutrophils were done 

for 20 cases from group I (10 Strept. pneumoniae, 5 H. 

influenzae, 4 N. meningitidis and 1 S. aureus), 12 cases 

from group II and 3 controls. Lumbar puncture was 

done before starting the initial antibiotic and CSF 

samples were used for chemical analysis (total and 

differential leukocyte count, assay of proteins and 

glucose) and for bacteriological study (Gram staining 

and cultures). Primary culture media were blood agar, 

chocolate agar (supplemented), mannitol salt agar and 

MacConkey’s agar (Oxoid) incubated at 37°C for 24-

48 hours. Colonies grown on different media were 

subjected to further morphological and biochemical 

identification to identify different bacterial species 

according to the standard microbiological methods 

(Koneman, 2006). Flowcytometry was used for 

detection of neutrophil CD64 expression as described 

previously. 50 ul sample of EDTA treated blood was 

added to each of two cytometry tubes. The first tube 

was used to assess CD64 expression (test tube) and the 

second was used as a control tube. A 10ul of 

fluorescein isothiocyanate (FITC) conjugate 

monoclonal anti CD64 antibody (CytoMol, USA) was 

added to the first tube and 10ul of FITC conjugated 

IgG1isotypic control (CytoMol, USA) for antihuman 

CD64 to monitor non specific binding was added to the 

second tube. The tubes were incubated for 15min. at 

room temperature in the dark. Then 2ml of a lysing 

solution (NH4Cl buffered with KHCO3 at PH 7.5) for 

RBCs was added and mixed to each tube. Tubes were 

incubated again for 15min. After incubation, the cell 

suspension was centrifuged for 5min. and the cell pellet 

was suspended in 200 ul of phosphate buffered saline 

(PBS). Flowcytometric analysis was accomplished by 

using FACS caliber flow cytometer (Becton-Dickinson, 

San Jose, California, USA). The instrument set up was 

checked weekly using QC windows beads (Flow 

cytometry standard, San Juan, PR). Forward scatter and 

side scatter measurements were made using linear 

amplifiers, whereas fluorescence measurements were 

made with logarithmic amplifiers. Dot plots and 

quadrant statistics were generated by cell quest 

software (Becton Dickinson immune-cytometry 

systems). Analysis was performed after manual gating 

around neutrophils on a forward scatter versus side 

scatter dot-plot. PMNs were distinguished from other 

leucocytes by their characteristic side scatter. For each 

sample, 10 000 events were recorded. Results were 

expressed as percentages of cells positive for CD64 

(Davis et al., 2006). 

Statistical Analysis 

Mann-Whitney test was used for comparison between 

two groups having quantitative variables P-value of < 

0.05 is statistically significant. 

- Sensitivity= a/ (a+c) 

- Specificity= d/ (b+d) 

- Negative predictive value= d/ (c+d) 

a= true positive cases; false positive cases; c= false 

negative cases; d= true negative cases. 
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Results 

The study included 132 patients (78 males and 

54 females), with ages ranged from 2 months 

to 11 years, attended Menufia fever hospital 

with suspected meningitis. They were 

classified into bacterial meningitis group I (44 

patients; of them 28 (63.6%) were males and 

16 (36.4%) females) and non-bacterial 

meningitis group II (88 patients, 50 males and 

38 females). Demographic and clinical 

characteristics in both groups were 

summarized in table (1). There were no 

statistical differences in demographic and 

clinical characteristics between patients with 

bacterial and non bacterial meningitis. Male 

cases were more than females. The most 

common symptoms in both groups at the time 

of diagnosis were fever (100%), nausea or 

vomiting (52% and 34%) and neck stiffness 

(31% and 16%). Bacterial culture of CSF 

revealed that total number of isolates were 44, 

Streptococcus pneumoniae was the 

commonest organism isolated (23) followed 

by H. influenzae (9), N. meningitidis (6) and a 

case of S. aureus and a case of E.coli. 

Regarding CBC, total WBC count and 

neutrophils % were significantly higher in 

bacterial meningitis compared with non-

bacterial meningitis group and controls as in 

table (2). CSF parameters [cells, CSF protein 

and CSF glucose] CSF neutrophils % and 

protein level were significantly higher in 

group I compared with group II, however, 

lymphocytes % and glucose level were 

significantly lower table (2). Regarding 

flowcytometry results, bacterial meningitis 

group showed high CD64 expression on 

neutrophil with mean percentage of 

71.38±7.11, group II had lower mean 

percentage of CD64 expression 48.63±14.55 

on the other hand, controls mean percentage 

of CD64 expression was very low 4.37 ±3.5 

table (2). A highly significant difference 

(P<0.0001) was found between patients of 

group I and controls as well as between 

patients of group II and controls (fig. 1). 

CD64 positive neutrophils were significantly 

higher (P<0.0001) in bacterial meningitis 

compared with culture negative group. 

neutrophil CD64 expression showed 

sensitivity 100% and showed 65.1% 

specificity using blood culture as a gold 

standard. 

Table 1. Clinical and demographic data of patients with bacterial and non-bacterial meningitis  

 Bacterial meningitis (No=44) Non bacterial meningitis (No=88) 

Age: range (Mean± SD) 2 month-11year (4.5 ± 3.1) 2month-8 years (3.2 ±0.9) 

Male 28 (63.6 %) 50 (56.8%) 

Female 16 (36.4%) 38 (43.2%) 

Fever 44 (100%) 88 (100%) 

Nausea-vomiting 23 (52.3%) 30 (34%) 

Convulsion 12 (27.3%) 10 (11.3%) 

Neck stiffness 14 (31.85%) 14 (16%) 

Skin rash 11 (25%) 8 (9%) 

Coma 5 (11.4%) 0 

Total number 44 88 

No statistical differences were found. Males were more than females. 
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Table 2. Laboratory findings of patients with bacterial and non bacterial meningitis  

Parameters 
Bacterial meningitis 

Mean± SD 

Non bacterial Meningitis 

(Mean± SD) 

Controls 

Mean± SD 
P-value 

WBC (10
3
/mm

3
) 17.98±7.57 8.3 ±6. 1 5.17 ± 3.01 <0.001 

Total PMNs % 77.0 ± 2.2 51.1 ± 3.1 40.0 ± 6.16 <0.001 

Lymphocytes 21.00 ± 1.2 42.33 ± 3.51 2.33 ±1.51 <0.0001 

CD64 marker expression 
on neutrophils %  

71.38±7.11 48.63±14.55 4.37 ±3.5 <0.0001 

CSF PMNs% 80.68 ± 2.34 42± 2.1 Not done <0.0001 

CSF lymphocytes% 18.98 ± 2.38 23± 2.6 Not done <0.005 

CSF glucose 22.5 ± 6.94 32.5 ±0.64 Not done <0.001 

CSF protein (mg\dl) 383.5 ± 80.4 113.5 ±.4 Not done <0.0001 

Total WBC count and neutrophils % were significantly higher in group I compared with group II and control. CSF neutrophils % and 
protein were significantly higher in group I compared with group II, however, lymphocytes % and glucose level were significantly 
lower. Regarding flowcytometry results, cases of acute bacterial meningitis (20 cases) showed higher CD64 expression on 
neutrophil compared with group II (12 cases) and controls (3 cases). P <0.005 is significant 
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Figure 1. Results of flow cytometric analysis for CD64 expression on neutrophils in a control (Gate =23%) compared 
to a patient with bacterial meningitis (Gate= 89.4%) 
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Discussion 

Accurate inflammatory marker with high 

diagnostic sensitivity and specificity for acute 

bacterial infection would be a valuable for 

therapeutic decision (Morsy et al., 2008). The 

present work aimed to evaluate the detection 

of activation surface markers CD64 on 

neutrophils as a diagnostic tool for bacterial 

meningitis in children. The study, also aimed 

to determine the most common bacterial 

etiology of meningitis in children attending 

Menufia fever hospital. 132 patients were 

classified into bacterial meningitis group (44) 

and culture negative group II (88). The 

disease is more common in males than 

females. The present study showed significant 

differences and higher values in bacterial 

meningitis compared with culture negative 

cases regarding WBC count and neutrophil %. 

However hematologic indices such as WBC 

count and ratios alone cannot be used for the 

identification of infections or for guiding 

antibiotic treatment (Viswanath et al., 2007). 

Our observation is partly supported by the 

previous study demonstrating WBC counts 

can be affected by many factors besides 

infection as time and blood sampling method 

(Da Silva et al., 1995). Flowcytometric 

analysis has the advantage being able to 

localize the activated markers to a specific 

cell type (Ng, 2004). In our work, bacterial 

meningitis group showed high CD64 

expression on neutrophil with mean 

percentage of 71.38±7.11, on the other hand, 

controls mean percentage was very low 4.37 

±3.5. A highly significant difference 

(P<0.0001) was found between patients of 

group I and controls. Similar results by El-

Mazary et al., 2010, who reported that 

expression of CD64 in patient group was 

higher with a mean of 52.8±12.7 compared 

with control group (4.45 ±6.8). Also our study 

revealed that, CD64 positive neutrophils were 

significantly higher (P<0.0001) in acute 

bacterial meningitis (71.38±7.11) compared 

with culture negative group (48.63±14.55). 

Our results were in agreement with those 

reported by Khalifa et al., 2007 where 

percentage of expression of CD64 on 

neutrophils in patients with positive culture 

was with a mean of 91.5±7.4, while in 

patients with negative culture was with a 

mean of 73.9±9.6. In our study, neutrophil 

CD64 expression showed sensitivity 100% 

and showed 65.1% specificity using blood 

culture as a gold standard. Our findings 

coincided with the outcome of numerous 

studies done on the diagnostic performance of 

neutrophil CD64 in view of the high 

sensitivity compared to culture (Davis et al., 

2006). CD64 is normally expressed in very 

low concentrations in healthy state, whereas it 

is considerably upregulated on the trigger of 

bacterial invasion (Fjaertoft et al., 1999). 

Namely, CD64 is the activation marker for 

neutrophils, and neutrophils react within an 

hour of acute inflammation (de Haas et al., 

1995). CD64 has already been identified in 

the process of phagocytosis and intracellular 

killing of opsonized microbes that commonly 

seen in bacterial meningitis but not in viral 

infection. Based on these unique properties, 

CD64 is presumed to increase within an hour 

of bacterial meningitis (Cid et al., 2010). 

Thus, determination of the PMNs CD64 

expression should provide a true indication of 

the current status of a patient’s systemic acute 

inflammatory response to an infection (Carrol 

et al., 2009). In conclusion neutrophil CD64 

expression could be a promising and 

meaningful biomarker for diagnosing 

bacterial infection. Nevertheless, more large 

prospective studies should be carried out 

before the neutrophil CD64 test is used widely 

in the clinical setting. 
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