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Abstract 

 

Purpose: To evaluate the diagnostic accuracy and prognostic value of 

neutrophil CD64 expression for bacterial infection in febrile adult patients 

presenting to our hospital emergency department. 

Methods: We prospectively included 132 patients with with  fever ≥38º C 

(≥100.4º F) during the last 24 hours and we did the measurement of CD64 on 

neutrophils the day after the admission of the patient at the emergency 

department. We followed the patients until the full recovery or death. 

Results: There were 115 (87%) patients with bacterial infection and 108 (94%) 

of them survived. There were 17 (13%) patients without bacterial infection and 

12 (71%) of them survived. Patients with bacterial infection and patients who 

survived showed a CD64 index higher when compared with patients without 

bacterial infection and patients who died, respectively (3.7±3.2 vs. 2.5±2.3; 

p=0.03; and 3.7±3.1 vs. 1.7±0.6; p=0.002; Mann-Whitney U test). The receiver 

operating characteristic (ROC) curve analysis for detecting bacterial infection 

and predicting survival with the CD64 index showed an area under curve (AUC) 

of 0.66 (95% CI; 0.52 to 0.8; p=0.03) and 0.71 (95% CI; 0.57 to 0.85; p=0.01), 

respectively. 

Conclusions: Diagnostic accuracy and prognostic value of CD64 expression 

was good in adult patients with fever. 
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Introduction 

 

Bacterial infections are a major cause of morbidity and mortality in the world[1]. 

Diagnosis of bacterial infections is sometimes challenging, because clinical 

presentation of infections from different causative agents can be similar[2]. 

Moreover, inflammatory states might also have a clinical presentation similar to 

that for an infection[3]. The treatment of bacterial infections has evolved in the 

past with improved antibiotics but little has changed to improve diagnosis[4]. 

Although untreated bacterial infections may cause serious complications, 

treating viral illnesses or no infective causes of inflammation with antibiotics is 

not only ineffective, but also contributes to the development of resistance, 

increases costs, and add the risks of toxicity and allergic reactions[5]. Thus, an 

improved diagnostic test for bacterial infection would have both economic and 

therapeutic healthcare benefits[6]. 

Laboratory diagnosis of infection still relies on diagnostic tests that have been 

available since 1970s or before, such as neutrophil counts, the presence of 

myeloid-immature forms in the peripheral blood, and C-reactive protein (CRP) 

levels[7,8]. More recently, the new-generation and improved diagnostics for 

infection has been directed towards soluble biomarkers in the serum or plasma, 

such as TNFα, IL-6, IL-1α, IL-10, and procalcitonin[6,9,10]. One step forward is 

the measurement of CD64 expression on the membrane of the neutrophils, 

because it offers the potential to be the first, clinically useful diagnostic cell-

based parameter of a systemic acute inflammatory response[6,11]. Neutrophils 

play an important role as primary phagocytes. The surface receptors of 

neutrophils recognize bacterial antigens and this interaction activates the 
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neutrophils to phagocyte. Phagocytosis is facilitated by various receptors for 

immunoglobulin-G (IgG) and neutrophils can express three classes of IgG 

receptors. Fcγ receptor I (FcγRI), which is the high affinity receptor for 

monomeric IgG1 and IgG3, is recognized by the monoclonal antibody CD64.[5]  

We were interested in this new test and we performed a systematic review and 

meta-analysis of neutrophil CD64 expression of bacterial infection[12]. The 

pooled sensitivity and specificity for CD64 expression on neutrophils were 79% 

(95% CI: 70% to 86%) and 91% (95% CI: 85% to 95%), respectively. To gain 

more knowledge with the use this test and how the accuracy of this test 

indirectly changes patient-important outcomes, we designed a prospective 

study aimed to evaluate the diagnostic accuracy and the prognostic value of 

neutrophil CD64 expression for bacterial infection in febrile adult patients 

presenting to our hospital emergency department. 
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Materials and methods 

 

We conducted this prospective study at the emergency department of the 

University Hospital Joan XXIII, located in Tarragona, Spain. We started the 

study in October 2009 and finished in February 2010. We wrote a protocol 

before we undertook this study, the ethical committee of our hospital approved 

the protocol study and all enrolled patients gave a written informed consent. We 

included patients if they were ≥17 years-old, if they self-reported to have  with 

fever ≥38º C (≥100.4º F) at least during the last 24 hours and if the attending 

physician considered necessary to order a complete blood count and a blood 

culture. We excluded patients if they had taken antibiotics during the last 48 

hours and if they were admitted at the emergency room during the weekend. 

We collected sex, age, co-morbidity with the Charlson index[13], and the 

suspected origin of the fever. We also collected clinical and laboratory data: 

body temperature, heart and breath frequencies, blood pressure, oxygen 

saturation, complete blood count, liver enzymes, creatinine, prothrombin time, 

C-reactive protein, and arterial blood gasometry. 

We performed blood cultures for each included patient at the time of admission 

and before starting antibiotic therapy. We placed five mL of blood in aerobic and 

anaerobic blood culture bottles and we did the cultures with the VersaTREK 

system (TREK Diagnostic Systems, Cleveland, OH). We identified positive 

results with standard methods. 

We measured neutrophil CD64 expression with a diagnostic kit 

(Leuko64™;Trillium Diagnostic, Brewer, ME, USA), following manufacturer’s 

instructions. Briefly, we mixed 50 μL of EDTA-anticoagulated whole blood with 
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50 μL of Reagent A and 20 μL of Reagent C-II of the Leuko64™ kit, and we 

incubated this mixture for 10 minutes. We measured the CD64 expression on 

neutrophils with the CELL-DYN Sapphire™ haematology analyzer (Abbott 

Diagnostics, CELL-DYN Immuno T-cell (CD3/4/8) assay (Abbott Diagnostics, 

Santa Clara, CA, USA) because we used a variant version of the Leuko64™ kit 

that was specifically designed for use on thise CELL-DYN Sapphire™  

haematology analyzer (Abbott Diagnostics)[5]. Additionally, we used the lot-

specific Leuko64™ QuantiCALC automated software (Trillium Diagnostic) that 

reports neutrophil expression of CD64 as an index using fluorescein-labeled 

calibration beads. We used the blood sample collected to perform the complete 

blood count and we maintained this sample at 4 ºC until we did the 

measurement of CD64 on neutrophils the day after the admission of the patient 

at the emergency department. 

One author (GGP) collected demographic, clinical and laboratory data of the 

patients and he decided the presence or absence of infection as well as the 

suspected origin of the fever. This author followed the patients and assigned a 

final clinical bacterial diagnosis based on clinical, laboratory and radiologic data. 

When the patient had a positive culture, the author assigned a final proven 

bacterial diagnosis. He also followed the patients until the full recovery or death. 

However, he didn’t know the results of the CD64 measurements. Two authors 

(RA and RS) performed the CD64 measurements and the blood cultures, 

respectively. They didn’t know the final diagnosis of the patients. Two authors 

(JC and AL) designed the study, analyzed data and reported the results to the 

rest of authors at the end of the study period. 
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We compared quantitative variables between four groups of patients using the 

non-parametric Kruskal-Wallis test. We compared qualitative and quantitative 

variables between two groups of patients usingwith the non-parametric Chi-

squared and the Mann-Whitney U tests, respectively. We considered a p value 

less than 0.05 as statistically significant. We performed the statistical analysis 

using the Statistical Package for the Social Sciences (SPSS) version 15.0 

(SPSS, Chicago, IL, USA). We also constructed a receiver operating 

characteristic (ROC) curve and we calculated the point of maximum test 

efficiency with . We performed the statistical analysis using the Statistical 

Package for the Social Sciences (SPSS) version 15.0 (SPSS, Chicago, IL, 

USA) and GraphPad Prism version 5.00 for Windows (GraphPad Software, San 

Diego, CA, USA). This software calculates the sensitivity and specificity for the 

assay. It also calculates the area under curve (AUC) and its 95% CI and reports 

a p value that tests the null hypothesis that the AUC really equals 0.50. When 

the p value is small, you can conclude that the test actually does discriminate 

between abnormal patients and normal controls.  
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Results 

 

Our series comprises 132 patients. Figure 1 shows the flow diagram of our 

study and table 1 shows the demographic and clinical characteristics of the 

study population. We performed a blood culture in all patients and 13 (9.8%) of 

them were positive. We also performed cultures from other locations in 36 

patients (27.3%) and 35 (97.2%) of them were positive. The source of these 

positive bacterial cultures was urine (19 cases), skin (4 cases), sputum (3 

cases), stool (3 cases), abscess (2 cases), and cerebrospinal fluid, ascites, 

pleural effusion and bone marrow aspirate (1 case each). One patient had a 

positive blood culture and a positive stool culture. We did a diagnosis of clinical 

and proven bacterial infection in 67 (50.8%) cases and 48 (36.3%) cases, 

respectively. There were 17 patients (13%) without bacterial infection who 

suffered from small bowel obstruction (5 cases), systemic lupus erythematosus 

(2 cases), heart failure (2 cases), pleural effusion (2 cases), lymphoma (2 

cases), renal cell carcinoma (2 cases), prostate cancer (1 case), and pleural 

mesothelioma (1 case). . Table 2 shows the demographic and clinical 

characteristics of the patients according to the final diagnosis. Of note, patients 

with a final diagnosis of bacterial infection showed a lower systolic blood 

pressure, and higher leukocyte and neutrophil counts when compared with 

patients without bacterial infection. Table 3 shows the final diagnosis of the 

patients with bacterial infection. After the follow-up, 120 patients (91%) 

recovered and 12 patients (9%) died. Table 4 shows the demographic and 

clinical characteristics of the patients according to the survival. Of note, patients 
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who died showed a higher Charlson index, heart frequency, urea levels, and 

lower haemoglobin value when compared with patients who survived. 

The values of the CD64 index in the different groups of patients is shown in 

table 5. Overall, pPatients with bacterial infection showed a mean CD64 index 

higher when compared with patients who did not suffer a bacterial infection 

(3.7±3.2 vs. 2.5±2.3; p=0.03; Mann-Whitney U test). The ROC curve analysis 

for detecting bacterial infection with the CD64 index showed an area under 

curve ( AUC) of 0.66 (95% CI; 0.52 to 0.8; p=0.03; figure 2a). Patients who 

survived showed a CD64 index higher when compared with patients who died 

(3.7±3.1 vs. 1.7±0.6; p=0.002; Mann-Whitney U test). The ROC curve for 

predicting survival with the CD64 index showed an AUC of 0.71 (95% CI; 0.57 

to 0.85; p=0.01; figure 2b). The ROC curve analysis for detecting bacterial 

infection and survival with CRP showed an AUC of 0.63 (95% CI; 0.51 to 0.75; 

p=0.09; figure 2c) and 0.51 (95% CI; 0.35 to 0.67; p=0.9; figure 2d), 

respectively. According to the ROC curve analysis, the cut-off points with the 

best sensitivity and specificity for CD64 index and CRP were 1.5 and 4.2 mg/dL, 

respectively and table 65 shows their operative characteristics. 
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Discussion 

 

We investigated the diagnostic accuracy of neutrophil CD64 expression for 

bacterial infection in febrile adult patients presenting to our hospital emergency 

department. According to our results, a CD64 index ≥1.5 had a good sensitivity 

(87%) but a low specificity (41%) to detect bacterial infection in adult patients 

who presented to the emergency department with fever. We also found that the 

expression of neutrophil CD64 was elevated in the group of patients who 

survived when compared with the group of patients who died. 

The low specificity of the CD64 index form detecting bacterial infection in the 

present study could be explained by different reasons. First, 115 (87%) patients 

of our series had a bacterial infection but only 48 (42%) of them had bacterial 

growth in any cultures performed. In the meta-analysis performed by our group, 

the diagnostic accuracy of the CD64 assay increased when bacterial infection 

was diagnosed by a positive culture[12]. Second, we couldn’t exclude viral 

infection in the group of patients with clinical infection and negative cultures. 

Third, 35 patients with positive cultures but negative blood cultures had a CD64 

index similar to patients with positive blood cultures. Interestingly, to increase 

the specificity of the CD64 expression on neutrophils, some authors have 

proposed to combine it with other infectious markers, such as CD64 expression 

on monocytes[14] and lipopolysaccharide-bindin protein[15].    

There is strong evidence that neutrophil CD64 expression represents a 

promising screening test for infection because of its kinetics and laboratory 

characteristics[5]. Regarding to the kinetics of this marker, in resting 

neutrophils, CD64 is expressed at very low levels; upon neutrophil activation it 
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is strongly upregulated by the proinflammatory cytokines interferon (IFN)-γ and 

granulocyte colony stimulating factor (G-CSF) which are produced during 

infections or exposure to endotoxin[16][13]. CD64 expression on PMN 

significantly increased from baseline by 24 h after initiating in vivo IFN 

treatment, substantially decreased within 48 h of cessation of IFN and were 

back to normal baseline levels by day seven[16][13]. Regarding to the 

laboratory characteristics, PMN CD64 has negligible expression in the healthy 

individual and shows no evidence of sensitivity to blood sample 

manipulation[17][14]. Some authors have reported that PMN CD64 expression 

is stable at room temperature for more than 30 h, in contrast to the labile 

expression of CD11b and other PMN antigens[18,19][15,16]. Moreover, other 

authors have measured CD64 expression at baseline, and after 24 h, 48 h, and 

72 h and they did not observe significant differences in CD64 expression in 

stored blood samples at 4 ºC as compared to baseline values[20][17]. 

However, our group performed a systematic review and meta-analysis about 

the use of neutrophil CD64 as a marker for bacterial infection and we found that 

the included studies showed a low methodological quality[18][12]. We 

measured the methodological quality with the 25-item criteria developed by the 

STARD committee[21,22][18,19]. According to that, one study can score from 

zero to 25 points, and in our previous meta-analysis, we showed that the 13 

included studies had a total score for the STARD checklist that ranged from 9 to 

16 points. Moreover, the Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) Working Group developed a 2-step 

process of how the accuracy of a test indirectly changes patient-important 

outcomes[23,24][20,21]. In the first step, investigators should perform a 
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diagnostic test accuracy study. In the second step, judgements about patient-

importance of test accuracy are based on the consequences of being correctly 

or incorrectly classified as having or not having the disease. 

For all these reasons, we decided to perform the current study in order to 

analyze the diagnostic accuracy of neutrophil CD64 expression for bacterial 

infection in “real life”, i.e. in febrile adult patients presenting to our hospital 

emergency department. To do that, first, we decided to measure the neutrophil 

CD64 expression in adult patients with fever because this is the group of 

patients to whom clinicians would apply the test in the course of regular clinical 

practice[23][20]. Moreover, we decided to exclude children because we wanted 

to focus on adult patients to have a homogeneous group of patients and to 

avoid a possible source of variation. Second, we did not use healthy people as 

controls because it is well known that the apparent accuracy of a test is likely to 

be misleading high[25,26][22,23]. 

Following the 2-step process of the (GRADE) Working Group of how the 

accuracy of a test indirectly changes patient-important outcomes, we also 

detected that a high expression of CD64 was related with survival of the 

patients. To our knowledge, there are only two previous studies that analyzed 

the prognostic value of CD64. Livaditi et al. showed that neutrophil CD64 

expression and serum IL-8 were sensitivity early markers of severity and 28-day 

mortality in patients with sepsis[27][24]. In that study, the median (range) CD64 

values for patients who died compared with those who survived were 

respectively 7,396 (3,863-9,947) and 4,123 (2,206-6,571) molecules/cell 

(p=0.004). In contrast, Danikas et al. found that patients with severe sepsis and 

higher levels of neutrophil CD64 expression had better outcome[28][25]. 
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Interestingly, other authors found that neutrophil CD64 expression was 

associated with severity and prognosis of disseminated intravascular 

coagulation[29][26]. In the present study, we found that patients who survived 

showed a higher CD64 index when compared with patients who died. We 

recommend that future studies analyze this important outcome because the 

CD64 expression could be used as a prognostic factor. 

The main limitation of our study is the number of patients included. However, 

the majority of previous studies with adult patients enrolled around 100 

subjects, and we only know two studies that enrolled more adult patients than 

this study[30,31][27,28]. However, we recommend performing more studies with 

a high number of patients to obtain more powerful data and making strong 

recommendations with the use of CD64 in the clinical practice. 

Finally, we used the Leuko64™ kit (Trillium Diagnostics) to measure the CD64 

expression on neutrophils. This kit allows rapid and precise, quantitative 

measurement of CD64 expression on neutrophils. The kit contains a mixture of 

FITC-labeled CD64 (clone 22 and 32.2) and PE-labeled monocyte specific 

CD163 antibodies, fluorescent beads for calibration and standardization and 

dedicated software for automated calculation of the neutrophil CD64 index. This 

assay requires only 50 μL of EDTA-anticoagulated whole blood and can be 

completed within 30 minutes. Moreover, we used the version of the kit that was 

specifically designed for use on the CELL-DYN Sapphire™ haematology 

analyzer (Abbott Diagnostics). The test is almost fully automated, the results are 

available rapidly and the assay can be performed on a 24/7 basis without 

specific expertise in flow cytometry[5]. 
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In conclusion, the present study showed that the diagnostic accuracy of 

neutrophil CD64 expression in febrile adult patients presenting to our hospital 

emergency department had a good sensitivity but a low specificity to detect 

bacterial infection and we also showed that higher expression of CD64 was 

related with survival of the patients. 
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Figure 1. Flow diagram of the study. 
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Figure 2. The ROC curves: CD64 for detecting bacterial infection (2a); CD64 for 

survival (2b); CRP for detecting bacterial infection (2c); CRP for survival (2d) 
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Table 1. Demographic and clinical characteristics of the study population. 

Values are given as median (range) or mean±SD. 

 

Characteristic n Result 

Sex (M/F) 132 70/62 

Age (years) 132 65 (17-98) 

Charlson index 132 4 (0-10) 

Temperature (ºC) 132 37.7±1 

Heart frequency 

(beats/min) 
128 96.5 (38-140) 

Breath frequency 

(breaths/min) 
28 18 (12-40) 

Systolic blood pressure 

(mmHg) 
128 122 (60-221) 

Diastolic blood pressure 

(mmHg) 
128 70 (34-118) 

pH 61 7.4±0.4 

O2 saturation (%) 94 92.1±10.4 

Urea (mg/dL) 132 56.2±42.3 

Creatinine (mg/dL) 132 1.3±1 

AST (UI/L) 85 38±51.1 

ALT (UI/L) 81 48.2±89 

Prothrombin time (ratio) 108 1.3±0.8 

Haemoglobin (g/L) 132 119±19 

Leukocytes (x109/L) 132 12.4±5.7 
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Neutrophils (x109/L) 132 13.7±25.4 

Platelets (x109/L) 132 254±104 

C-reactive protein 

(mg/dL) 
130 13.7±9.5 

 



 27 

Table 2. Demographic and clinical characteristics of the study population, 

according to the final diagnosis. Values are given as median (range) or 

mean±SD. 

 

Characteristic 
No infection 

n=17 

Bacterial infection 

n=115 
p value(*) 

Sex (M/F) 11/6 59/56 0.4 

Age (years) 63 (26-94) 65 (17-98) 0.9 

Charlson index 3 (0-9) 4 (0-10) 0.9 

Temperature (ºC) 37.3±1.1 37.7±0.9 0.08 

Heart frequency 

(beats/min) 
85.5 (38-113) 98 (40-140) 0.1 

Breath frequency 

(breaths/min) 
18 (16-24) 18 (12-40) 0.9 

Systolic blood 

pressure (mmHg) 
134 (104-170) 120 (60-221) 0.03 

Diastolic blood 

pressure (mmHg) 
77 (45-102) 70 (34-118) 0.3 

pH 7.4±0.1 7.4±0.4 0.4 

O2 saturation 96.3±3.4 91.6±10.8 0.3 

Urea (mg/dL) 56.6±36.4 56.1±43.2 0.6 

Creatinine 

(mg/dL) 
1.2±0.8 1.3±1 0.8 

AST (IU/L) 39.1±34.2 37.8±54 0.6 

ALT (IU/L) 65.2±93.1 44.6±88.5 0.1 
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Prothrombin time 

(ratio) 
1.3±0.6 1.3±0.8 0.7 

Haemoglobin 

(g/L) 
116±24 120±19 0.5 

Leukocytes 

(x109/L) 
9.6±4.5 12.8±5.7 0.03 

Neutrophils 

(x109/L) 
7.4±4.3 14.6±27 0.02 

Platelets (x109/L) 243±144 256±97 0.3 

C-reactive protein 

(mg/dL) 
9.5±6.2 14.3±9.8 0.09 

 

 

(*) Non parametric Chi-squared test or the Mann-Whitney U test for qualitative 

and quantitative variables, respectively.
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Table 3. Final diagnosis of patients with bacterial infection. 

 

Infectious disease 
Clinical infection 

n (%) 

Proven infection 

n (%) 
Total 

Respiratory tract 52 (85.2) 9 (14.8) 61 

Urinary tract 7 (28) 18 (72) 25 

Gastroenteritis 4 (36.4) 7 (63.6) 11 

Skin infection 2 (22.2) 7 (77.8) 9 

Septic shock 1 (25) 3 (75) 4 

Meningitis 0 (0) 3 (100) 3 

Other(*) 1 (50) 1 (50) 2 

Total 67 (58.3) 48 (41.7) 115 

 

(*) Includes 1 patient with dental infection and 1 patient with leishmaniasis. 
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Table 4. Demographic and clinical characteristics of the study population, 

according to the survival. Values are given as median (range) or mean±SD. 

 

Characteristic 
Recovery 

n=120 

Death 

n=12 
p value(*) 

Sex (M/F) 62/58 8/4 0.5 

Age (years) 63.5 (17-94) 77.5 (39-98) 0.05 

Charlson index 4 (0-9) 6 (3-10) 0.002 

Temperature (ºC) 37.7±1 37.4±1 0.2 

Heart frequency 

(beats/min) 
95 (38-140) 111 (71-130) 0.02 

Breath frequency 

(breaths/min) 
18 (12-32) 23 (18-40) 0.07 

Systolic blood 

pressure (mmHg) 
123 (60-221) 107 (93-157) 0.1 

Diastolic blood 

pressure (mmHg) 
70 (34-118) 61 (45-79) 0.1 

pH 7.4±0.4 7.4±0.1 0.9 

O2 saturation 92.3±10.8 91±6.9 0.2 

Urea (mg/dL) 51.5±36.1 102.8±67.7 <0.001 

Creatinine 

(mg/dL) 
1.3±1 1.9±1.1 0.03 

AST (IU/L) 38.3±53.6 35.3±14.1 0.2 

ALT (IU/L) 49.8±93 30.6±12.5 0.4 

Prothrombin time 1.2±0.4 2.1±1.9 0.06 
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(ratio) 

Haemoglobin 

(g/L) 
120±19 107±19 0.02 

Leukocytes 

(x109/L) 
12.3±5.6 13.2±6.3 0.6 

Neutrophils 

(x109/L) 
13.9±26.5 11.6±6 0.3 

Platelets (x109/L) 255±103 253±102 1 

C-reactive protein 

(mg/dL) 
13.7±9.6 14.1±9.3 0.8 

 

 

(*) Non parametric Chi-squared test or the Mann-Whitney U test for qualitative 

and quantitative variables, respectively. 
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Table 5. CD64 index of the study population, according to the final diagnosis. 

 

Final diagnosis n Mean±SD(*) 
95% CI of the 

mean 

No infection 17 2.5±2.3 1.4 to 3.7 

Clinical infection 67 3.6±3.2 2.9 to 4.4 

Proven infection 

with culture 
35 3.9±3.2 2.8 to 5.0 

Proven infection 

with blood culture 
13 3.4±3.0 1.5 to 5.1 

All patients 132 3.5±3.1 3.0 to 4.0 

 

(*) p=0.1; Kruskal-Wallis test
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Table 65. Operative characteristics of CD64 index and CRP values for 

diagnosis and survival for bacterial infection. 

 

Diagnosis Cut-off 
Sensitivity 

% (95% CI) 

Specificity 

% (95% CI) 

Likelihood 

ratio 

CD64 index ≥1.5 87 (79 to 92) 41 (18 to 67) 1.48 

CRP ≥4.2 mg/dL 80 (72 to 87) 23 (7 to 50) 1.05 

Survival     

CD64 index ≥1.5 85 (77 to 91) 33 (10 to 65) 1.27 

CRP ≥4.2 mg/dL 79 (71 to 86) 17 (2 to 48) 0.96 

 


