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Abstract 

The aim of this study was to investigate the expression of neutrophil granulocyte cluster of differentiation 64 (CD64) in 
patients with chronic prostatitis and the significance for diagnosis and treatment of chronic prostatitis. Seventy-two patients 
with chronic prostatitis were selected and included in the experimental group. Moreover, thirty-five healthy individuals 
represented the control group. Pathogen detection and the level of CD64 were determined in the prostatic fluids of all 
individuals included in the study. Fifty-four pathogen stains were detected in the specimens of prostatic fluid of patients in 
the experimental group and none in the control group. Patients infected with Staphylococcus simulans had the highest 
expression level of CD64 (3912.237 ± 767.416/cell), followed by Staphylococcus auricularis (2764.371 ± 141.261/cell), 
Staphylococcus warneri (1916.356 ± 127.284/cell), Enterococcus faecalis (1893.636 ± 314.458/cell) and Staphylococcus 
haemolyticus (1874.328 ± 125.212/cell) the difference being significant compared to the control group (p < 0.01). There was 
no significant difference between the expression levels of CD64 in control the group and in patients from the experimental 
group infected with Chlamydia trachomatis, Ureaplasma urealyticum, Staphylococcus epidermidis, Staphylococcus xylosus, 
Staphylococcus capitis urealyticum and Staphylococcus hominis. CD64 can be a potent marker for the diagnosis of bacteria 
chronic prostatitis. 
 
Rezumat 

Scopul prezentului studiu a fost de a investiga expresia CD64 la pacienții cu prostatită cronică și asocierea acestuia cu 
prognosticul și alegerea tratamentului personalizat. Șaptezeci și doi de pacienți cu prostatită cronică au fost incluși în grupul 
experimental, iar treizeci și cinci de indivizi sănătoși au fost incluși în grupul martor. Au fost identificate microorganismele 
patogene din lichidul prostatic, precum și expresia CD64. Cincizeci și patru de tulpini patogene au fost detectate la pacienții 
din lotul experimental și nici una la lotul martor. Pacienții infectați cu Staphylococcus simulans prezintă cel mai crescut nivel 
al CD64 (3912,237 ± 767,416/celulă), urmați de cei infectați cu Staphylococcus auricularis (2764,371 ± 141,261/celulă), 
Staphylococcus warneri (1916,356 ± 127,284/celulă), Enterococcus faecalis (1893,636 ± 314,458/celulă) și Staphylococcus 
haemolyticus (1874,328 ± 125,212/celulă) diferența fiind semnificativă comparativ cu lotul de control. Nu a fost observată o 
diferență semnificativă între valoarea CD64 observată la lotul de control și la cei din lotul experimental infestați cu Chlamydia 
trachomatis, Ureaplasma urealyticum, Staphylococcus epidermidis, Staphylococcus xylosus, Staphylococcus capitis urealyticum și 
Staphylococcus hominis. CD64 poate fi un marker potent pentru diagnosticul prostatitelor bacteriene cronice. 
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Introduction 

Chronic prostatitis, the most common male urinary 
disease, is most frequent in males aged from 30 to 40 
years [10]. Pathogen infection is the main cause for 
chronic bacterial prostatitis, and Staphylococcus is 
the main infection pathogen.  
Diabetes is an important factor in favouring prostatitis, 
degeneration of seminiferous tubule epithelium and 
alteration of spermatogenesis [6]. 
Even some foods (selected cultivated fruits and 
vegetables) containing aluminium, cadmium, arsenic 
and gamma-orizanol may have potential health risks, 
acting as immune disruptors and favouring the 
occurrence of infections [1, 11]. 
Chronic bacterial prostatitis manifests as continuous 
and recurrent lower urinary tract infection for at 

least three months. Currently, there is no fast and 
appropriate method for accurate diagnosis of chronic 
prostatitis [14]. Neutrophil granulocytes are part of 
the defence mechanism against the infection.  
CD64, a transmembrane glycoprotein [4], can eliminate 
pathogenic microorganism through antibody dependent 
cellular cytotoxicity, phagocytosis and immune complex 
elimination [9]. Usually, CD64 are distributed on the 
surface of antigen presenting cells such as macrophage, 
monocyte and dendritic cells [5]. CD64 has almost no 
expression on the surface of neutrophil granulocyte 
[15, 17], and there is no difference between genders. 
Once proinflammatory cytokines are released due to 
an infection and neutrophil granulocyte are activated, 
CD64 is highly expressed [16]. Therefore, a high 
expression of CD64 occurs in infections, suggesting 
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that it can be used as a marker for the diagnosis of 
infectious prostatitis. 
This study aims to determine whether CD64 could 
be regarded as an indicator for the diagnosis of 
chronic prostatitis through its detection in the 
prostatic fluid of patients with chronic prostatitis. 
 
Materials and Methods 

Patients. The study has been approved by the Ethics 
Committee of the Affiliated Hospital of Jining Medical 
University, Shandong, China, and all the patients 
have signed an informed consent. Seventy-two patients 
with chronic prostatitis who were admitted to the 
Affiliated Hospital of Jining Medical University 
from November 2015 to February 2017 were selected 
and set as an experimental group. The average age 
was (40.21 ± 10.64) years. All patients were confirmed 
to suffer from chronic prostatitis. Moreover, thirty-
five healthy subjects were selected and set as a control 
group. The average age of this group was (38.15 ± 9.73) 
years. 
Instruments and reagents. Instruments included FC-
500 flow cytometry (Beckman Coulter Company, 
USA), fully-automatic polymerase chain reaction 
(PCR) amplifier (Thermo Fisher Scientific Inc., 
USA), fully-automatic chemiluminescence apparatus 
(MAGLUMI 4000 Plus, Shenzhen Snibe Diagnostic 
Inc., China) and BD Phoenix™-100 Automated 
Microbiology System (BD, USA). The reagents used 
were Chlamydia trachomatis (Ct) and Ureaplasma 
urealyticum (Uu) kits (Wuhan Moshake Biotechnology 
Company, China). 
Experimental methods.  
Bacterial culture. Bacterial culture followed the national 
inspection standardization operation regulations and 
requirements. Bacterial colony was observed and 
identified after 24 h of specimen culture. The culture 
procedures referred to the National Clinical Laboratory 
Procedures. Prostatic fluid was incubated into a goat 
blood plate, and the species of the growing bacteria 
were identified using a WalkAway40 full-automatic 
bacterial analyser (Siemens, Germany) according to the 
standard requirements. Staphylococcus aureus ATCC 
25923, Escherichia coli ATCC 25922 and Pseudomonas 
aeruginosa ATCC 27853 were taken as standard 
bacterial strains. 
Detection of CD64. 50 µL of prostatic fluid was absorbed 
by a sterile tip and added to a TRU-COUNT tube. 
After the addition of 10 µL of CD64-FITC (fluorescein 
isothiocyanate), the tube was shaken slightly. It was 
then placed in dark at room temperature for 20 min, 
followed by the addition of 500 µL of ACK Lysis 
Buffer. Afterwards, it was placed again in dark at 
room temperature for 10 min, followed by the addition 
of 500 µL of phosphate buffer solution (PBS). Finally, 
after it was placed in dark at room temperature for 

another 10 min, the specimens were analysed with 
the flow cytometer. 
Chlamydia trachomatis (Ct) and Ureaplasma 
urealyticum (Uu) detection. Detection strictly followed 
the specifications of the reagents. 
(1) Ct detection. 1 mL of sterile physiological sodium 
chloride solution was added to the tube and mixed 
evenly. After centrifugation at 12000 rpm for 6 min, 
it was washed. After several minutes of standing, 
50 µL of DNA extracting solution was added. It 
was processed by boiling water bath for 10 min and 
then placed at 4°C for 7 h. Finally it was centrifuged 
at 12000 rpm for 3 min, and 2 µL of supernatant 
was collected for PCR. Each specimen was added 
with 24 µL of CT PCR reaction liquid and 2 µL of 
Taq polymerase. The mixture was transferred to a 
centrifuge tube and vortexed for 10 seconds. Each 
reaction tube was added with 26 µL of the mixture. 
The supernatant which was collected from the last 
procedure was vortexed for several seconds, and 
then 4 µL of the supernatant was added to each 
reaction tube, followed by low-speed centrifugation. 
PCR amplification was performed according to the 
procedures described in Table I. 

Table I 
Procedures of PCR amplification for Ct detection 

Procedure Number of cycles Temperature Time 
1 1 37°C 2min 
2 1 93°C 5min 
  93°C 30sec 

3 40 55°C 30sec 
  72°C 40sec 

 
(2) Uu detection. Specimen processing was the same 
as the above. Each specimen was added with 35.6 µL 
of Uu reaction mixture and 0.4 µL of Taq polymerase. 
Then the mixture was transferred to a centrifuge tube 
and vibrated for 10 seconds. Then 36 µL of the mixture 
was added in each reaction tube. The supernatant which 
was collected from the last procedure was vortexed 
for several seconds, and then 4 µL of the supernatant 
was added to each reaction tube. The procedures of 
PCR amplification are described in Table II. 

Table II 
Procedures of PCR amplification for Uu detection 

Procedure Number of cycles Temperature Time 
1 1 95°C 3 min 
2 40 94°C 15 sec 

60°C 30 sec 
 

Statistical method. Experimental data were analysed 
and processed by SPSS version 20.0. Measurement 
data were expressed as mean ± standard deviation. The 
comparison of means between groups was performed 
using t test. Difference was considered as statistically 
significant if p < 0.05. 
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Results and Discussion 

Pathogens detection. 
54 strains of pathogens were detected out of the 
specimens of the experimental group (75%), including 
44 strains of bacteria (81.48%), 7 strains of Uu (12.96%) 

and 3 strains of Ct (5.56%). No pathogens were 
detected in the control group. The distribution of 
pathogens detected in the experimental group is 
shown in Table III. 
 

Table III 
The distribution and constituent ratio of pathogens detected in the experimental group 

Pathogen Number of strains Constituent ratio (%) 
Bacteria 44 81.48 

 Staphylococcus epidermidis 9 16.67 
 Staphylococcus simulans 8 14.81 
 Enterococcus faecalis 8 14.81 
 Staphylococcus haemolyticus 5 9.26 
 Staphylococcus warneri 5 9.26 
 Staphylococcus auricularis 4 7.41 
 Staphylococcus hominis subspecies hominis 3 5.56 
 Staphylococcus capitis urealyticum 1 1.85 
 Staphylococcus xylosus 1 1.85 

Ureaplasma urealyticum 7 12.96 
Chlamydia trachomatis 3 5.56 

Total 54 100.00 
 

Quantitative expression of neutrophile granulocytes 
CD64 
The expression level of CD64 in the prostatic fluid  

of the subjects in the experimental and control 
groups is shown in Table IV. 
 

Table IV 
Comparison of expression level of CD64 in the prostatic fluid 

Group Pathogens Expression level of CD64 (N/cell, mean ± 
SD) 

Control group 951.605 ± 112.254 
Experimental group Staphylococcus simulans 3912.237 ± 767.416** 

 Staphylococcus auricularis 2764.371 ± 141.261** 
 Staphylococcus warneri 1916.356 ± 127.284** 
 Enterococcus faecalis 1893.636 ± 314.458** 
 Staphylococcus haemolyticus 1874.328 ± 125.212** 
 Staphylococcus hominis subspecies hominis 1627.835 ± 107.546* 
 Staphylococcus epidermidis 1301.691 ± 143.227 
 Staphylococcus xylosus 1237.246 ± 125.248 
 Staphylococcus capitis subspecies urealyticum 1212.727 ± 107.899 
 Chlamydia trachomatis 951.33 ± 131.244 
 Ureaplasma urealyticum 947.17 ± 127.561 

* indicated p < 0.05 compared to the control group; ** indicated p < 0.01 compared to the control group 
 

The expression levels of CD64 in patients infected 
with Ct and Uu in the experimental group had no 
significant difference compared to the control group 
(p > 0.05); in the experimental group, patients infected 
with Staphylococcus simulans had the highest expression 
level of CD64 (3912.237 ± 767.416/cell), followed by 
Staphylococcus auricularis (2764.371 ± 141.261/cell). 
There was a very significant difference between the 
experimental group and control group in the expression 
level of CD64 in patients infected with Staphylococcus 
simulans, Staphylococcus auricularis, Staphylococcus 
warneri, Enterococcus faecalis and Staphylococcus 
haemolyticus (p < 0.01). The expression level of CD64 

in patients infected with Staphylococcus hominis 
subspecies hominis in the experimental group was 
significantly different compared to the levels of control 
group (p < 0.05). The quantitative expression of CD64 
for Staphylococcus epidermidis, Staphylococcus xylosus, 
Staphylococcus capitis urealyticum infected patients 
in the experimental group was not significantly different 
from that in the control group (p > 0.05). 
Detection rates of CD64 and C-reactive protein (CRP) 
Fifty patients were randomly selected from the 72 
patients of the experimental group to assess the 
positivity rates of CD64 and CRP according to the 
bacterial culture results (Table V). 
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Table V 
Results of analysis of CD64 and CRP positivity rates as marker for diagnosis of chronic prostatitis 

Bacterial culture Total CD64 positive* CD64 negative* CRP positive* CRP negative* 
Positive 23 35 1 28 5 
Negative 27 11 3 6 11 
Total 50 46 4 34 16 
p  < 0.01  < 0.05  

0 < CRP < 3 mg/L indicated negative and CRP > 3 mg/L indicated positive results; 0 < CD64 < 1000 indicated negative and CD64 > 1000 
indicated positive results 
 
In Table V, the rate of positive bacterial cultures was 
46% (23/50), whereas the rate of CD64 detection 
was 92% (46/50), and the rate of CRP detection 
was 68% (34/50). The rate of CD64 detection was 
higher than that of the other two experiments, and 
the difference was statistically significant (p < 0.05). 
It indicated that the rate of CD64 detection was high 
and the rates of CD64 and CRP detection were 
higher than that of bacterial culture. 
Sensitivity and specificity of CD64 and CRP.  
The sensitivity and specificity of CD64 and CRP in 
the diagnosis of chronic prostatitis were calculated. 
Receiver operator characteristics (ROC) analysis 
was made on the data of the experimental and 
control groups (Table VI). 

Table VI 
The sensitivity and specificity of CD64 and CRP 

Item Critical value Sensitivity 
(%) 

Specificity 
(%) 

CD64 (N/cell) 3071.32 91.6 71.4 
2691.84 97.9 43.2 

CRP (mg/L) 0.73 84.8 30.7 
2.8 29.1 88.9 

 
As shown in Table VI, the sensitivity and specificity 
of CD64 in the diagnosis of chronic prostatitis were 
91.6% and 71.4% respectively when the critical 
value was 3071.32 (N/cell) and 97.9% and 43.2% 
respectively, when the critical value was 2691.84 
(N/cell). 
The sensitivity and specificity of CRP in the diagnosis 
of chronic prostatitis were 84.8% and 30.7% 
respectively, when the critical value was 0.73 mg/L 
and 29.1% and 88.9% respectively, when the critical 
value was 2.8 mg/L. 
Both CD64 and CRP suggested obvious sensitivity 
and specificity for the diagnosis of chronic prostatitis. 
Moreover, the sensitivity of CD64 was higher than 
the specificity. 
Therefore the combination of CD64 and CRP could 
improve the detection rate. 
Chronic prostatitis is a common disease among males 
and has an increasingly higher incidence in recent 
years [7, 8], and it tends to occur in younger people. 
Up to date, there are no accurate determination 
standards for the diagnosis and classification of 
chronic prostatitis in clinical practice [12]. Hence a 
more high-efficient and accurate method is needed 

for the diagnosis and treatment of chronic prostatitis, 
which is the main goal of the present study. 
Therefore, this study tested and analysed the pathogens 
in prostatic fluid and the levels of CD64 [2]. The 
results demonstrated that 54 strains of pathogens were 
detected out from the 72 specimens (75%), among 
which, 44 strains were bacteria (81.48%), 7 strains 
were Uu (12.96%) and 3 strains were Ct (5.56%). 
Hence Gram positive bacteria are the main pathogens 
inducing chronic prostatitis.  
Chesnokova MG et al. [3] made a microbiological 
study on the urine and prostatic secretion of 35 
patients with chronic bacterial prostatitis, aged from 35 
to 75 years, and performed the bacterial examination. 
One hundred and sixty-three strains were isolated, 
among which, 13 strains were Staphylococcus. Their 
study confirmed the importance of Staphylococcus 
spp. in the aetiology of chronic bacterial prostatitis.  
In our study there was a significant difference between 
the experimental and control groups in the expression 
of CD64 in Staphylococcus simulans, Staphylococcus 
auricularis, Staphylococcus warneri, Enterococcus 
faecalis and Staphylococcus haemolyticus (p < 
0.01); the expression of CD64 of Staphylococcus 
hominis subspecies hominis in the experimental 
group was significantly different compared to the 
control group (p < 0.05). 
Zhu J et al. [18] detected the prostatic fluid specimens 
of 123 patients who were diagnosed with type III 
prostatitis and 84 healthy individuals, analysed the 
difference of neutrophil elastase, chronic prostatitis 
syndrome index score and count of white blood cells 
between the two groups, and found that the level of 
neutrophil elastase (NE) in expressed prostatic 
secretion was an important marker for the diagnosis 
of IIIA and IIIB prostatitis.  
Qian L et al. [13] cultured prostatic fluid collected 
from 116 patients with chronic prostatitis and 27 
healthy individuals, then detected the expression of 
CD64, and found that the expression of CD64 in white 
cells in prostatic fluid was associated to bacterial 
infection and could be regarded as a marker for the 
early diagnosis of chronic prostatitis.  
The above findings suggested that the apparent increase 
of CD64 expression in the prostatic fluid of patients 
with chronic prostatitis was associated to bacterial 
infection; hence it may have a biomarker potential. 
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Conclusions 

In conclusion, Gram positive bacteria are the major 
pathogens inducing chronic prostatitis. The expression 
of CD64 in prostatic fluid of patients with chronic 
prostatitis is in a positive correlation with bacterial 
infection, and the detection rate of CD64 is high. 
Hence it can be regarded as a potent biomarker for 
the diagnosis and monitoring of chronic prostatitis. 
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