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Abstract
The diagnosis of sepsis remains one of the most difficult tasks for physicians and other medical staff. Blood cultures often remain negative in the presence of pneumonia, meningitis and even fulminant blood born septicemia. A rapid laboratory test with high specificity for neonatal sepsis would be a valuable tool in therapeutic decision making and avoiding the unnecessary use of antibiotics in patients with clinical signs and symptoms of sepsis but negative blood cultures. The rapid upregulation of CD64 expression on the polymorphnuclear neutrophils (PMNs) and the normal 6-hour half-life of the blood PMNs made the determination of the PMN CD64 expression a true indication of the current status of neonatal sepsis. In this study, we selected the CD64 to detect its value in the diagnosis of early-onset neonatal sepsis cases by using the flow cytometry. We aimed to evaluate its association with the different demographic, clinical and laboratory data. The current study was carried out on 100 patients; 40 diagnosed early onset neonatal sepsis (EONS) (culture + ve) neonates, 40 clinically suspected EONS (culture -ve) and 20 neonates (healthy or admitted for jaundice) as a control group. All patients were subjected to complete history taking, thorough clinical examination and laboratory investigations. We found that; CD 64 expression was only positive in both EONS groups but not in control group. CD64 expression was significantly higher in EONS (culture +ve) group than in suspected EONS (culture -ve). It has high sensitivity (80%) and intermediate +ve predictive value (53%), but low specificity (10%). We found that CD64 expression had no correlation to any of the clinical or laboratory findings except for the temperature and CRP. when we used the ROC curve to compare the area under the curve between the CD64 & CRP we found that the area under the curve (accuracy) for CD64 =0.855, while area under the curve (accuracy) for CRP =0.493. This implies the greater diagnostic power for CD64 than CRP for early detection of EONS.

Introduction
Sepsis in neonates hospitalized in the neonatal intensive care unit (NICU) is a global problem and is a significant contributor to morbidity and mortality. Most studies focus on infants of very low birth weight (VLBW), given their immature immune system and the added contribution of a variety of risk factors [1]. It is important to realize that even late-preterm infants have a compromised immune system and are susceptible to infections in the NICU [2]. 
Isolation of bacteria from a central body fluid (usually blood) is the standard and most-specific method to diagnose neonatal sepsis; however, positivity rates vary widely, ranging from 30 to 87%. Physicians must therefore rely on a variety of nonspecific laboratory tests to assist in and perhaps speed diagnosis of sepsis. The microorganisms most commonly associated with early-onset infection include Escherichia coli, Klebsiella, coagulase-negative Staphylococcus, Haemophilus influenza, Group B Streptococci (GBS), Listeria monocytogenes, Candida and mixed infections [3].
C-reactive protein (CRP) is probably the single most commonly used laboratory test for early diagnosis of neonatal sepsis. It is however, well known that the CRP concentration does not rise very early during an infection and a low value does not rule out sepsis. The production of CRP does not start until 6 - 8 hours after the onset of the infection [4]
Two or more of the following clinical criteria were used to identify patients for sepsis evaluations: respiratory compromise, that is, tachypnea, increased apnea or severe apnea requiring positive pressure ventilation; cardiovascular compromise, that is, bradycardia, pallor, decreased perfusion or hypotension; metabolic changes, that is, hypothermia, hyperthermia, feeding intolerance glucose instability, or metabolic acidosis ; or neurologic changes, that is, lethargy, hypotonia, or decreased activity. These clinical features were validated to be strongly suggestive of infection [5].
Two or more of the following previously validated hematologic criteria were used as indicators for bacterial sepsis: total leucocytic count of <5000 or >25000cells per mm3, absolute neutrophil count (ANC) of <1500 cells per mm3, immature/total neutrophil (I/T) ratio of >0.16, platelet count of <150 000 cells per mm3 and CRP > 10 mg/l [6]. Infants with negative culture results and with a positive sepsis score (< 2of the clinical criteria and < 2 of the hematologic criteria enumerated above) were categorized as having clinical sepsis. Proven neonatal sepsis included cases where in addition to clinical and laboratory signs, a pathogen was isolated from a normally sterile body fluid [5].
One of the effects of inflammatory cytokines on the innate immune response is the rapid up-regulation of CD64 expression on the neutrophil membrane. When neutrophils detect an infection, they become activated, and produce a protein called CD64 (a cell marker) on their surface. Neutrophils produce the CD64 within 1 hour of detecting an infection [7].
CD64 measures the up regulation of an Fc receptor (Fc gamma R1, or CD64) on neutrophils. The Fc receptors on white blood cells are very important for effective phagocytosis of bacteria and are upregulated during infections [5]. The high affinity of CD64 is mainly involved in phagocytosis and intracellular killing of pathogen, but it is also expressed at very low levels on the surface of unstimulated neutrophil [8]. In addition, it has been shown that neutrophils of pre-term infants express CD64 antigen to a similar extent comparing to older children and adults. Thus, this specific marker can be used for the identification of life threatening infections in preterm infants [9].
 In this study, we selected the CD64 to detect its value in the diagnosis of early-onset neonatal sepsis cases by using the flow cytometry. We aimed to evaluate its association with the different demographic, clinical and laboratory data.




Patients and methods
This study was carried on 80 patients with early onset neonatal sepsis, attending the Benha Teatching Hospital. They were 36 males (45%) and 44 females (55%). 40 of them (28 males and 12 females) diagnosed clinically and laboratory as EONS and the other 40 neonates (20 males and 20 females) suspected clinically as EONS but, their blood cultures were negative (their ages ranged from 0 day to 7 days) and 20 controls (healthy or admitted for jaundice) with matched age and sex.
Inclusion Criteria:
•	Neonates gestational age from 28 to 41weeks.
•	Neonates admitted within the 1st week of life.
•	Neonates with proven sepsis.
•	Neonates with clinical sepsis.
•	the presence of at least 1 clinical sign (temperature instability, grunting, apnea, cyanosis, tachycardia or bradycardia).
Exclusion Criteria:
•	Neonates with multiple congenital anomalies.
•	Neonates with genetic syndromes.
•	Neonates admitted after the 1st week of life.
•	Infants with neonatal asphyxia (Apgar score <7 at 5 minutes).

All patients are subjected to clinical history, thorough clinical examination and laboratory investigations, including complete blood count (CBC), blood culture, c-reactive protein (CRP). For assessment of neutrophil CD64, whole blood samples were analyzed within 24 hours. Leukocytes (1 × 106) were labeled with the appropriate antibody for 15 minutes at room temperature in darkness. Erythrocyte lysis was performed using Pharm Lyse (Becton Dickinson), a buffered ammonium chloride–based lysing solution, according to the manufacturer's recommendations, then washed in BD Cell Wash (BD Biosciences). A minimum of 10 000 neutrophil-gated events was acquired for each patient Positivity was defined as > 20% of neutrophil cells expressing a given surface antigen (CD64). A sequential gating strategy for the neutrophils using multicolor flow cytometry was established using Coulter EPICS-XL, USA. Informed consents were obtained from parents of patients who served as subjects in this study.



Results
           The current study showed that the most common organisms in septicemic group were gram negative organisms (30%) then gram positive organisms (17.5%) then fungal infection (2.5%) (table1).
 CD 64 was expressed in all EONS 40(40%) (culture +ve) group, no negative cases was detected. While in the clinically suspected EONS (culture -ve) group, CD 64 was only expressed in 28 (28%) patients. No neonates in the control group showed positive CD 64 expression (table 2). CD 64 expression was highly significant higher in both, EONS group and clinically suspected group than in the control group(p<0.001). CD64 expression was also higher in the EONS (culture +ve) group than in the suspected EONS (culture -ve) group (p<0.05) (table 3). No statistically significant associations were elicited between CD64 expression and both EONS groups concerning the age, sex, gestational age and birth weight (p>0.05).  There was statistically positive significant association elicited between CD64 expression and the temperature of the patients (p<0.05) while, no significant correlation was found between CD64 expression and other clinical data as Respiratory rate (RR) & heart rate (HR) (table 4). No significant associations were found between CD64 expression in the EONS groups regarding the TLC, HB, PLT, Staff, Segment neutrophils and immature to total ratio of the neutrophils (I/T ratio) (p>0. 05). Our results showed that, there was statistically significant Correlation between CD64 expression and the CRP in both EONS groups (p=0. 05) (Table 5). The ROC curve (Table 6) (Figure 1), showed that, although the CD 64 expression has low specificity (10%) but, it has high sensitivity (80%) and intermediate +ve predictive value (53%), This high sensitivity indicates the usefulness of CD64 in differentiation between neonatal sepsis and non-infected cases. Furthermore, when we used the ROC curve to compare the area under the curve between the CD64 & CRP we found that the area under the curve (accuracy) for CD64 =0.855, while area under the curve (accuracy) for CRP =0.493. This implies the greater diagnostic power for CD64 than CRP for early detection of EONS (figure2).



Discussion

The diagnosis of sepsis remains one of the most difficult tasks for physicians and other medical staff. Blood cultures often remain negative in the presence of pneumonia, meningitis and even fulminant blood born septicemia. Capturing the specific organism in a small sample of venous blood remains elusive. A rapid laboratory test with high specificity for neonatal sepsis would be a valuable tool in therapeutic decision making and avoiding the unnecessary use of antibiotics in patients with clinical signs and symptoms of sepsis but negative blood cultures [10] In this study, we tried to determine the CD64 expression as an immunological marker for rapid diagnosis of neonatal sepsis. We tried to elucidate the value of CD64 expression on neutrophil surface in EONS using the flow cytometry. The significance of CD64 expression was investigated in relation to various clinical, laboratory and standard prognostic factor (CRP).
 In this study, there were high statistical significant differences in mean CD64 expression levels among studied groups (p<0.005) (Table 3). The percentage of +ve CD64 expression in the studied groups was (68%), while the percentage of -ve CD64 expression was (32%) (Table 2). These findings were in agreement with previous study, showed raised percentages of CD64+ cells in proven and clinical sepsis group [11]. Also, similar results have been reported in adults [8&12] and neonates [13]. These findings were confirmed by other study which revealed that patients with sepsis had a greater number of circulating CD64 positive PMNs (mean 71%) than in healthy controls (mean 19%), This mean that an increase in the number of CD64 molecules expressed on the PMN surface compared to healthy individuals [14].

In the current study, positive CD64 expression showed no significant association with other clinical features as respiratory rate and heart rate but there was significant association between CD64 and temperature of the patient. This was in a concordance with other study which reported that, increase CD64 expression was not correlated with any clinical variables except the temperature [11]. Also, our results confirmed by previous studies performed in adults [14&15] and in neonates [16&17].

There were no significant correlations of the hematological data (TLC, staff, segment, HB, platelets and immature to total ratio) of the patients and CD64 in the present study patients. These results are in agreement with other previously reported results [11&17]. Thrombocytopenia is one of the most common complications of neonatal sepsis; this may be attributed to bone marrow depression, consumption coagulopathy, platelet sequestration or combination of these processes [18]. The finding in the present study showed no significant correlation between both CD64 and platelet count which does not exclude CD64 as a parameter of the severity of sepsis. This may be due to the small sample size. This was in agreement with previous study [19].
   

 In the current study, CD64 expression had a significant correlation with CRP level which is a laboratory marker of neonatal sepsis pointing to its usefulness as additional marker of sepsis. other studies correlated Neutrophil’s CD 64 positively with CRP [20&21].  In this work, ROC curve shows area under the curve (accuracy) for CD64 greater than area under the curve (accuracy) for CRP. This implies the greater discriminating power for CD64 than CRP for early detection of EONS. This was in agreement with previous studies [22&23], yet another study, on 92 EONS patients, found that CD64 expression had the greater discriminating power than CRP [24].
     

In our study, we found 80% sensitivity and 10% specificity for CD64 expression, on the other hand, very high sensitivity and specificity for CD64 had been reported in early onset sepsis as 97% and 89%, respectively [19],. Another study, showed that sensitivity and specificity of CD64 in early onset sepsis is 97% and 72%, respectively [12&13]. In addition, we obtained the positive and negative predictive value (PPV and NPV) of CD64 as 53% and 33%, respectively. This was in contrast to other works which showed high PPV and NPP for CD64 in early onset sepsis, about 87% and 72%, respectively [13&22]. The discrepancy between the results may be attributed to small sample size of our cases.      

In this study, we found that the enhanced expression of CD64 by neutrophils has a high sensitivity and intermediate positive predictive value for neonatal sepsis, but a low specificity. It is worth mentioning that the analysis of CD64 expression is performed with a small sample (25–50 µl of whole blood), is very rapid (< 20 min), and highly reliable. In addition, our data indicate that the high sensitivity of raised levels of CD64 for neonatal sepsis is achieved through a single determination and the high percentage of CD64+ cells seen in EONS is maintained in these patients for at least 6 hours [10]. We concluded that, measurement of neutrophil surface marker CD64 can be useful for diagnosis of infection in early phase.
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