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This prospective study aimed to evaluate the diagnostic util-
ities of neutrophil CD64 expression for the identification of
early-onset clinical infection and pneumonia in term infants and
to define the optimal cutoff value so that it may act as a reference
with which future studies can be compared. Term newborns in
whom infection was suspected when they were �72 h of age
were recruited into the study. C-reactive protein (CRP) and
expression of CD64 on neutrophils were measured at 0 h (at the
time of sepsis evaluation) and 24 h. The sensitivity, specificity,
positive predictive value, and negative predictive value (NPV) of
CRP, CD64, and the combination of these two markers for
predicting neonatal sepsis were determined. A total of 338
infants with suspected clinical sepsis were investigated, 115 of
whom were found to be clinically infected. CRP and CD64 in
infected infants were both significantly elevated at 0 and 24 h
compared with noninfected infants (p � 0.001). The calculated
optimal cutoff value for CD64 was 6136 antibody-phycoerythrin
molecules bound/cell. CD64 has a very high sensitivity (96%)

and NPV (97%) at 24 h. The addition of CRP only marginally
enhanced the sensitivity and NPV (97 and 98%, respectively). In
conclusion, neutrophil CD64 is a very sensitive diagnostic
marker for the identification of early-onset clinical infection and
pneumonia in term newborns. The results strongly suggest that
measurement of neutrophil CD64 may allow neonatal clinicians
to discontinue antibiotic treatment at 24 h in infants who are
clinically stable and whose CD64 expressions are below the
optimal cutoff level. (Pediatr Res 56: 796–803, 2004)

Abbreviations
CRP, C-reactive protein
Fc�R, Fc�-receptor
NEC, necrotizing enterocolitis
NPV, negative predictive value
PE, phycoerythrin
PPV, positive predictive value
ROC, receiver operating characteristics

Early-onset (�72 h of age) neonatal infection is associated
with a high morbidity and mortality (1). Immature immuno-
logic defenses in newborn infants, including low circulating
levels of immunoglobulins, decrease in absolute number of T
lymphocytes and neutrophils, and functionally impaired cyto-
toxic activity in leukocytes (2–4), are important risk factors
that predispose these infants to life-threatening sepsis. Early
clinical signs and symptoms of neonatal infection and pneu-
monia are often inconspicuous and can easily be confused with
other noninfective causes, such as transient tachypnea of the
newborns, meconium aspiration syndrome, congenital heart
diseases, and hypoxic-ischemic encephalopathy (5). Thus,
there is always a possibility that the attending neonatologists

may overlook or miss subtle cases of early infection. In view of
the potentially serious outcome associated with delayed treat-
ment and the difficulty in distinguishing infected from nonin-
fected cases, it has become common practice to prescribe
broad-spectrum antibiotics for suspected infection that presents
with nonspecific clinical features and maternal risk factors
(5–7). Furthermore, as negative microbiologic culture results
do not always suggest the absence of bacterial sepsis, contin-
uation of antimicrobial therapy for presumptive infection fre-
quently leads to unnecessary and prolonged treatment and
increases in duration of hospitalization and promotes the emer-
gence of multiresistant organisms in the neonatal unit. Thus, a
good indicator of infection or a set of reliable infection markers
would be clinically desirable for differentiating infected from
noninfected patients.
CD64, a neutrophil surface antigen, was purposefully chosen

as a potential marker for identifying early-onset clinical infec-
tion and pneumonia in term infants. Three major classes of
Fc�-receptors (Fc�R)—Fc�RI (CD64), Fc�RII (CD32), and
Fc�RIII (CD16)—have been characterized on neutrophils and
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monocytes in humans (8–10). CD64, a high-affinity receptor, is
usually expressed at a low concentration on the surface of
nonactivated neutrophils in preterm and term infants (11).
Upon antigenic challenge by microbial products, its expression
will be substantially up-regulated (11–13). Our previous study
on late-onset infection in preterm infants suggested that the
expression of CD64 peaked 24 h after the onset of clinical
manifestations, and the levels remained elevated above the
baseline even after 48 h (12). These favorable properties render
CD64 a potentially useful indicator for revealing the early
stage of immune response to bacterial infection and as a
diagnostic marker of neonatal sepsis.
This prospective study aimed 1) to determine the diagnostic

utilities [sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV)] of CD64, both
individually and in combination with conventional biochemi-
cal markers such as C-reactive protein (CRP), for diagnosing
early-onset clinical infection and pneumonia in term newborns
and 2) to define the optimal cutoff value for neutrophil CD64
using the receiver operating characteristics (ROC) curve so that
it may be used as a reference with which future studies can be
compared.

METHODS

Patients

Newborn infants who had with 1) gestational age �37 wk,
2) postnatal age �72 h, 3) signs and symptoms suggestive of
early-onset clinical infection or pneumonia and requiring full
sepsis evaluation and antibiotic treatment, and 4) parental
consent and were admitted to the neonatal unit at Prince of
Wales Hospital, Hong Kong, were eligible for enrollment into
the study. Patients who had lethal congenital or chromosomal
abnormalities and those whose siblings have known immuno-
deficiencies were excluded. The use of maternal intrapartum
antibiotics, however, did not preclude the infants from partic-
ipating in the study. The recruitment of suspected infection
episode was conducted prospectively over a 30-mo period.

Infection Screen

Term infants with clinical features suggestive of early-onset
neonatal infection received a full sepsis workup. These signs
and symptoms included 1) unstable temperature (�36.5°C or
�37.5°C on two occasions within 12 h); 2) unexplained poor
peripheral circulation with prolonged capillary refilling time
�3 s; 3) respiratory distress as evidenced by tachypnea (respi-
ratory rate �60 breaths/min), intercostal or substernal retrac-
tions, apnea, or central cyanosis; 4) increase in anterior fonta-
nelle tension or convulsion; and 5) persistent vomiting, bloody
stool, and abdominal distension. All infants were recruited at
the time of evaluation for suspected clinical sepsis. In each
suspected episode, a full sepsis screen was performed, which
included surface (ears, nose, throat, and umbilicus), urine, stool
(suspected cases of enterocolitis), blood, cerebrospinal fluid,
and endotracheal aspirate specimens (infants on respirator) for
microscopy and bacterial cultures. Chest radiograph was rou-
tinely performed, and an abdominal radiograph would be

requested when infants presented with signs and symptoms
suggestive of necrotizing enterocolitis (NEC) or intra-
abdominal sepsis. Hematologic and biochemical investigations
such as complete blood cell and platelet counts, blood gas, and
serum glucose concentration were also performed. In addition
to the routine serial CRP measurement, an EDTA blood spec-
imen (0.2 mL) was obtained for neutrophil CD64 analysis by
flow cytometry. The first sample was taken at the time of the
initial sepsis evaluation (0 h), and an additional sample was
obtained 24 h after the onset of presentation. The schedule of
blood sampling coincided exactly with the unit policy for serial
blood count and CRP measurements after a suspected infection
episode had been identified. Parenteral antibiotics were com-
menced immediately after the infection screen and the first set
of blood sample (0 h) had been obtained.

Classification of Infection Episodes

Three categories of “infection” episodes were defined pro-
spectively in this study.
Group 1 (infected group). The infected group consisted of

infants who had been confirmed as septicemic from positive
blood cultures when the same organism was isolated from both
blood culture bottles. Other microbiologic-confirmed bacterial
infections, including peritonitis, meningitis, and NEC (stage II
or above in Bell’s classification with or without positive blood
culture), (14) were also included in this group. Clinical pneu-
monia was diagnosed on the basis of respiratory signs in
combination with abnormal chest radiographic findings and
absence of history such as thick meconium-stained liquor or
antenatally diagnosed pleural effusion that could account for
the abnormal radiographic appearances. As most infants did
not require intubation and mechanical ventilation, bronchopul-
monary lavage specimen was not routinely available for mi-
crobiologic analysis. The radiologic images were stored digi-
tally in a computed radiographic system (Mobilette Plus;
Siemens, Erlargen, Germany) so that the brightness and con-
trast of these images could be optimized to highlight the
abnormal lesions. The digital technology greatly enhanced the
chance of picking up subtle features. Extreme care was exer-
cised in interpreting the radiographic findings. All chest radio-
graphs were systematically reviewed by two independent in-
vestigators, a neonatologist (P.C.N.) and a pediatric radiologist
(W.C.W.C.), who were blinded to the patient’s identity, routine
laboratory results, and results of the infection markers. During
the review process, the investigators specifically looked for air
space consolidation, pleural effusion, and peribronchial and
perivascular interstitial infiltration. Any disagreement in opin-
ion between the investigators was subjected to a further review,
and the final interpretation of radiographic signs was based on
a consensus of opinion.
Group 2 (noninfected group). The noninfected group con-

sisted of patients who met the initial screening criteria for
suspected clinical infection but were subsequently found not to
have positive bacterial cultures in blood, cerebrospinal fluid,
and urine specimens; plus there was no radiologic evidence of
pneumonia or NEC; and the infant continued to improve after
antibiotic treatment was stopped. Positive surface culture alone
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was considered only as bacterial colonization, and such infants
would not be classified as being infected.
Group 3 (control group). A control group consisted of 21

well term infants with their blood samples taken within the first
72 h of life for CD64 and CRP measurements. The collection
of the blood specimens coincided with other routine blood
sampling procedures, such as serum bilirubin, hematocrit, elec-
trolytes, or glucose measurements.

Measurement of Biochemical and Cell-Surface Markers

Blood samples collected from venipunctures were immersed
in ice and immediately transported to the laboratory for pro-
cessing. CRP was measured by a turbidity assay kit against
control standards, as specified by the manufacturer (Behring
Diagnostics Inc., Westwood, MA). Before each analysis of
neutrophil CD64 expression, the QuantiBRITE PE beads (Bec-
ton Dickinson Immunocytometry Systems, San Jose, CA) con-
jugated with four predefined levels of phycoerythrin (PE)
molecules were used to construct a standard linear regression
curve. This quantitative method represents a substantial im-
provement over the measurement of relative fluorescence in-
tensity, which may be affected by subtle, day-to-day opera-
tional and instrumental fluctuations. The technique provides an
accurate and quantitative comparison of the cell-surface anti-
gen expression in time serial analysis (15,16). Freshly collected
EDTA blood was maintained at 4°C and stained within 15 min
after arrival at the laboratory. The CD64-PE antibodies were of
QuantiBRITE grade (�95% 1:1 antibody:PE ratio) and the
staining procedures were performed according to the manufac-
turer’s recommendation. We incubated 0.05 mL of whole
blood with 20 �L of CD64-PE/CD45-peridinin chlorophyll
protein (Becton Dickinson Immunocytometry Systems; cat. no.
340768) in the dark, at room temperature for 60 min. The red
cells were then lysed with 1 mL of 1 � FACS Lysing solution
(Becton Dickinson Immunocytometry Systems) for an addi-
tional 60 min before cytometric analysis. Thirty thousand
events were acquired for each sample, using the FACSCalibur
machine and CellQuest software (Becton Dickinson Immuno-
cytometry Systems). The three parts of differential populations
(lymphocytes, monocytes, and granulocytes) were identified
and gated by their CD45/side-scatter profile. The expressions
(geometric mean) of CD64 on neutrophils were measured
quantitatively. The antibody-PE binding sites per cell were
computed by the QuantiQuest software (Becton Dickinson
Immunocytometry Systems), using the linear regression curve
of QuantiBRITE beads obtained in parallel with each sample
analysis.

Statistical Analysis

The demographic data of the three groups and the levels of
infection markers among the infected (group 1; 0 h), nonin-
fected (group 2; 0 h), and control (Group 3) groups were
compared using the Kruskal-Wallis test and �2 test. The Mann
Whitney U test was also used to assess the infection risk
factors, clinical parameters, and levels of infection markers at
24 h between group 1 and group 2 infants. As there were no
recommended diagnostic cutoff values for neutrophil CD64 in

term newborns, a ROC curve was constructed for each sam-
pling time point. The optimal cutoff value for CD64 was then
determined on the graph by minimizing the number of mis-
classified episodes. As the diagnostic marker should ideally
identify all genuinely infected infants (i.e. 100% sensitivity)
and at the same time would not misclassify too many nonin-
fected cases (i.e. high specificity), the optimal cutoff value,
therefore, was chosen with the sensitivity approaching 100%
and specificity �85% (12,17). However, if the diagnostic
marker was unable to satisfy the above criteria, then the
optimal cutoff value would be chosen so that both the sensi-
tivity and specificity approached 80%. The calculated optimal
cutoff value enables us to work out the diagnostic utilities:
sensitivity, specificity, PPV, and NPV of the cell-surface anti-
gen and combination of markers at the most appropriate sam-
pling time for diagnosing early-onset clinical infection and
pneumonia in term infants. A combination of tests was con-
sidered positive when any one of the selected markers ex-
ceeded its respective cutoff value. All statistical tests were
performed by SPSS for Windows (Release 11.5; SPSS Inc.,
Chicago, IL). The level of significance was set at 5% in all
comparisons.

Ethical Approval

The study was approved by the Research Ethics Committee
of the Chinese University of Hong Kong. Written informed
consent was obtained from the parents or guardians for all
study patients.

RESULTS

A total of 359 term infants were studied, 115, 223, and 21 of
whom belonged to the infected (group 1), noninfected (group
2), and control (group 3) groups, respectively. The demo-
graphic profile of the three study groups is summarized in
Table 1. There were no significant differences among the
groups in gestational age, birth weight, Apgar scores at 1 and
5 min, umbilical arterial cord blood pH, and other parameters
listed in Table 1. None of the studied infants died from
neonatal sepsis. The antenatal infection risk factors and the
clinical presentation between group 1 and group 2 infants are
summarized in Tables 2 and 3, respectively. Significantly more
infected infants were delivered by spontaneous vaginal deliv-
ery (p � 0.01) and had pathogens isolated from high vaginal
swabs of mothers (p � 0.005; Table 2). These pathogens
included Streptococcus agalactiae (�18), Candida spp. (�5),
Escherichia coli (�2), Streptococcus faecalis (�1), and
Trichomonas vaginalis (�1). Poor tissue perfusion as evi-
denced by prolonged capillary refilling time �3 s was also
significantly more prevalent in infected infants (p � 0.01;
Table 3). Other clinical indices such as body temperature,
blood pressure, and respiratory rate were unable to differentiate
between infected and noninfected patients (Table 3).
The clinical diagnosis of infected and noninfected infants is

summarized in Table 4. Figure 1 shows the flow cytometric
profile of CD64 expression on neutrophils of a typical infected
infant and a noninfected infant. Table 5 compares the serum
CRP concentration and neutrophil CD64 expression at 0 and
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24 h after the onset of clinical manifestations between the
groups. CD64 and CRP in infected infants were significantly
elevated at both 0 and 24 h compared with noninfected infants
(p � 0.001) and control subjects (p � 0.001). There was no
significant difference in CD64 expressions and serum CRP
concentrations between noninfected infants and control sub-
jects. In episodes of confirmed infection, both CD64 and CRP
demonstrated their highest levels 24 h after the onset of
infection (Fig. 2, Table 5).
The ROC curves of CD64 and CRP at 0 and 24 h are shown

in Fig. 3. The areas under the curves for CD64 and CRP were

0.88–0.94 and 0.77–0.79, respectively. Table 6 summarizes
the diagnostic utilities of CD64 and CRP at various cutoff
values during the initial sepsis evaluation (0 h) and 24 h
afterward. The assessment of individual markers indicated that
CD64 has the highest overall sensitivity and NPV at both time
points for the prediction of early-onset clinical infection and
pneumonia. We chose the calculated cutoff value of 6136
antibody-PE molecules bound/cell to be the optimal point, as it
would permit a very high sensitivity (96%) and NPV (97%),
and simultaneously be able to maintain an acceptable specific-
ity �80% (81%) at 24 h (Table 6). In contrast, the cutoff value

Table 1. Demographic characteristics of the study groups

Infected (group 1) Noninfected (group 2) Control (group 3)

n 115 223 21
Gestational age (wk) 39.9 (38.9–40.6) 39.9 (38.6–40.7) 39.1 (38.6–40.2)
Birth weight (g) 3340 (3140–3635) 3240 (2910–3555) 3265 (2928–3883)
Male:female 76 (66%):39 (34%) 130 (58%):93 (42%) 12 (57%):9 (43%)
Apgar scores
1 min 9 (8–9) 9 (8–9) 9 (9–9)
5 min 10 (9–10) 10 (9–10) 10 (9–10)

Umbilical arterial cord blood
PH 7.26 (7.18–7.30) 7.25 (7.19–7.30) 7.24 (7.20–7.26)
Base excess (mmol/L) �5.1 (�7.7–�2.9) �4.9 (�7.1–�3.0) �3.6 (�5.8–�2.6)

Singleton:twins 113 (98%):2 (2%) 217 (97%):6 (3%) 21 (100%):0 (0%)
Inborn:outborn 110 (96%):5 (4%) 215 (96%):8 (4%) 21 (100%):0 (0%)
Maternal cigarette smoking 20 (18%) 39 (18%) 0 (0%)

Results are median (interquartile range) or n (%).

Table 2. Comparison of the antenatal infection risk factors between infected and noninfected infants

Infected (group 1) Noninfected (group 2)

n 115 223
Maternal diabetes 10 (9%) 17 (8%)
Mode of delivery
Spontaneous vaginal* 69 (60%) 87 (39%)
Section 28 (24%) 77 (35%)
Vacuum/forcep 18 (16%) 59 (27%)

No. of mothers with abnormal CTG 55 (48%) 123 (55%)
Maternal temperature during labor (°C) 37.0 (36.7–37.2) 37.0 (36.8–37.5)
Duration of rupture of membrane (h) 6 (2–15) 10 (2–17)
No. of digital vaginal examinations during labor 4 (3–6) 5 (4–7)
Nature of liquor
Clear 87 (76%) 157 (70%)
Meconium stained 27 (23%) 54 (24%)
Blood stained 1 (1%) 12 (6%)

No. of mothers with positive high vaginal culture† 27 (23%) 19 (9%)
No. of mothers with intrapartum antibiotic treatment 13 (11%) 22 (10%)

Results are median (interquartile range) or n (%).
CTG, cartiotocograph.
* p � 0.01.
† p � 0.005.

Table 3. Comparison of the clinical presentation between infected and noninfected infants

Infected (group 1) Noninfected (group 2)

n 115 223
Temperature on admission (°C) 37.0 (36.7–37.6) 37.0 (36.5–37.5)
Highest temperature (°C) 37.5 (37.0–38.1) 37.8 (37.0–38.2)
Mean arterial blood pressure (mmHg) 50 (44–56) 46 (42–52)
No. of infants with prolonged capillary refilling time �3 s* 29 (25%) 25 (11%)
Respiratory rate (breaths/min) 60 (50–70) 60 (50–70)
No. of infants who required mechanical ventilatory support 12 (10%) 13 (6%)
Serum glucose concentration (mmol/L) 4.0 (3.3–4.6) 3.8 (3.1–4.6)

Results are median (interquartile range) or n (%).
* p � 0.01.
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of CRP �10 mg/L currently adopted in the neonatal unit
provided only a sensitivity and specificity of 49–60% and
83–91%, respectively (Table 6). In addition, a comparison of
the diagnostic utilities of CD64 and CRP in combination versus
individual markers suggested that the use of multiple markers
was associated with only a marginal improvement of sensitiv-
ity and NPV (97 and 98%, respectively; Table 7).

DISCUSSION

Our findings suggested that neutrophil CD64 expression was
substantially up-regulated in term infants with early-onset clinical
infection and pneumonia (Table 5). CD64 was capable of differ-
entiating infected from noninfected conditions such as hypoxic-
ischemic encephalopathy, meconium aspiration syndrome, and
transient tachypnea of the newborns, presenting with similar

clinical signs and symptoms. As the diagnostic utilities (sensitiv-
ity, specificity, PPV, and NPV) ultimately determine the useful-
ness of a clinical test, the one with a high sensitivity and NPV
(approaching 100%) would be most desirable in this situation
because all genuinely infected cases are required to be identified
and treated (18). The test should also have an acceptable speci-
ficity (�80%) so that misclassification of noninfected cases and
unnecessary use of antibiotics could be kept to a minimum.
Hence, we have presented different cutoff values of CD64 from
the ROC curve for assessment (Table 6). The cutoff value of 6136
antibody-PE molecules bound/cell was considered optimal, as it
exhibited a very high sensitivity (96%) and a moderate specificity
(81%). Using this value, CD64 correctly identified all septicemic
cases [Streptococcus agalactiae (�3) and Staphylococcus aureus
(�1)] and the severe case of NEC. However, 5 infants with
clinical pneumonia were missed, and 43 noninfected patients were
incorrectly classified into the infected group. Combining the use
of CD64 (�6136 antibody-PE molecules bound/cell) with CRP
(�10 mg/L) would improve the sensitivity to 97% but substan-
tially lower the specificity (71%; Table 7). Two of the 5 clinical
pneumonia cases missed by the CD64 assessment would have
been positively identified by CRP, but an additional 22 nonin-
fected infants would have been misclassified and would have
inadvertently received a prolonged course of antibiotics. Although
the number of clinical pneumonia cases seemed to be high, this
figure represented �1% of all liveborn infants within the study
period. The use of an advanced digital computed radiographic
system could also have enhanced the diagnostic value of chest
radiograph compared with the predigital era. Similar to preterm
infants, the increase in expression of the surface antigen on
neutrophils was sustained for at least 24 h after the initial presen-
tation of symptoms and even after antimicrobial treatment (12).
This phenomenon has also been observed in a small number of
septic patients (n � 3) monitored serially in a recent study (13).
This intrinsic property greatly broadens the diagnostic window for

Table 4. Clinical diagnosis of infected and noninfected infants

Clinical diagnosis
No. of
cases

Infected (group 1) 115
Septicemia
Streptococcus agalactiae* 3
Staphylococcus aureus 1

NEC 1
Clinical pneumonia (with organisms isolated from surface culture)†
Streptococcus agalactiae 19
Group D Streptococcus 1
Escherichia coli 9

Clinical pneumonia (with no organism isolated from surface
culture)

81

Noninfected (group 2) 223
Noninfected pulmonary causes
Transient tachypnea of the newborn 91
Aspiration syndrome
Meconium 16
Blood 3

Pneumothorax 8
Idiopathic persistent pulmonary hypertension of the newborn 3
Apnea and desaturation (including pethedine-induced apnea) 13

Cardiovascular causes
Ventricular septal defect 2
Transposition of the great vessels 1
Arteriovenous malformation 1

Gastrointestinal causes
Gastroesophageal reflux 9
Cow milk protein allergy 1
Sucking incoordination 2

Others
Maternal or neonatal fever (for infection screening)‡ 51
Hypoxic-ischemic encephalopathy 5
Polycythemia 4
Subgaleal hemorrhage 4
Laryngomalacia 1
Narcotic drug withdrawal 2

Suspicious infected cases§ 6

* All three cases of Streptococcus agalactiae had pneumonic changes on
chest radiographs, and two also had meningitis.
† A total of 77 infants had positive surface cultures, and 29 were associated

with abnormal chest radiographic findings.
‡ A total of 83 infants received infection screening for maternal or neonatal

fever, and 51 were classified as being noninfected.
§ These patients ran a severe clinical course and had negative blood culture

and radiographic findings. They were suspected of having genuine neonatal
sepsis and received a full course of antibiotics.

Figure 1. Flow cytometric analysis of CD64 expression on neutrophils. The
solid histogram represents a significant increase in CD64 expression in a
typical infected term infant, whereas the open histogram represents the CD64
expression in a noninfected infant. The mean fluorescence intensity values
were expressed quantitatively as antibody-PE molecules bound/cell.
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identifying neonatal sepsis in the early phase and allows blood
specimens to be collected within normal working hours for lab-
oratory assay.

To our knowledge, only three studies, including our previous
study in preterm infants (12), had investigated the expression
of CD64 in neonatal sepsis (11,13). In accordance with the
results of the current study, all suggested that neutrophil CD64
from both infected term and preterm infants were significantly
up-regulated compared with noninfected infants and healthy
newborns (11–13). The diagnostic utilities between this and
our previous study (12) are also very similar, suggesting that
CD64 is a very sensitive and moderately specific marker for
both early- and late-onset infection in neonates. Layseca-
Espinosa et al. (13), however, found that a single determination
of CD64 was associated with a high specificity (96.8%) and a
very low sensitivity (25.8%). Several plausible explanations
could account for the disparity of this observation. First, as the
results of the current and our previous studies (12) indicated that
the peak CD64 expression occurred at ~24 h after the initial sepsis
evaluation, the use of the second blood sample (i.e. the 24-h
sample) or serial measurements for calculating the diagnostic
utilities, therefore, should be more representative. Second and
more important, Layseca-Espinosa et al. (13) defined the cutoff
value arbitrarily as the arithmetic mean �3 SD of the expression
values observed in control healthy newborns and did not use the
ROC curve for determination of the optimal cutoff point. The
disadvantage of using such a stringent cutoff criterion would
almost certainly render the test highly specific but relatively
insensitive. Third, the sample size of the latter study (13) was
comparatively small (n � 48, excluding healthy control subjects).
Fourth, the semiquantitative analysis gave only a “relative” rather
than an absolute measurement, and the latter results might not be
comparable among different laboratories. The current study with a
much larger sample size and with quantitative measurement of
neutrophil CD64 expression should more accurately reflect the
diagnostic utilities of the test. In addition, the optimal cutoff value
used in this study was slightly different from the one used for the
late-onset infection in preterm infants (CD64 expression �4000
antibody-PE molecules bound/cell) (12). Although Fjaertoft et al.
(11) suggested that there were no significant differences in neu-
trophil CD64 expression during bacterial infections among adults
(n � 6), children (n � 14), and preterm (n � 9) and term newborn
infants (n � 3), the number of subjects studied were small. We
speculate that differences in gestational age, postnatal age at which
the tests were performed, and the types of infection such as
septicemia versus clinical pneumonia may influence the maturity

Table 5. Levels of neutrophil CD64 expressions and serum CRP concentrations at onset (0 h) of sepsis evaluation and at 24 h

Infected (group 1) Noninfected (group 2) Control (group 3)

n
At 0 h

CD64 (antibody-PE molecules
bound/cell)

*8320 (6 553–11 878; 2 388–22 806) 3915 (2 914–5 294; 1 245–16 475) 3426 (2 498–4 647; 1 943–5 870)

CRP (mg/L) *9.2 (3.1–20.5; 1.3–80.0) 3.0 (3.0–5.3; 1.3–20.1) 3.0 (3.0–3.0; 1.3–4.2)
At 24 h

CD64 (antibody-PE molecules
bound/cell)

*9704 (8 100–13 559; 4 088–28 657) 4491 (3 404–5 753; 1 535–23 109) —

CRP (mg/L) *12.7 (5.3–30.7; 1.3–184.3) 3.9 (3.0–7.5; 1.3–54.2) —

Results are median (interquartile range; range). In retrospect, six infants who were classified into the noninfected group (group 2) but ran a severe clinical
course, with increased CD64 expression and raised serum CRP concentrations, were likely to have early-onset neonatal sepsis.
* Levels of neutrophil CD64 expressions and serum CRP concentrations in infected group are significantly elevated compared with the corresponding levels

in noninfected and control groups at 0 and 24 h (p � 0.001).

Figure 2. (A and B) Levels of CRP and neutrophil CD64 expression during
the first 24 h of suspected clinical infection. Each figure compares the range of
an infection marker between the infected and noninfected infants. The bold line
and upper and lower boundaries of the shaded area represent the 50th, 75th,
and 25th percentiles, respectively, of the infected infants. The thick and thin
dotted lines and the upper and the lower boundaries represent the 50th, 75th,
and 25th percentiles, respectively, of the noninfected infants.
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of the complex activation system of neutrophil and the level of
CD64 expression in different categories of infants. Thus, our
finding further emphasizes the importance of establishing an
optimal cutoff value for each group of patients.
A major intrinsic difficulty of assessing diagnostic markers for

early-onset clinical sepsis in neonates is the problem of misclas-
sification of suspected infection episodes. As the incidence of

septicemia in early-onset neonatal infection is low (5,6), the
classification of clinical sepsis in this setting depends mainly on
clinical features and abnormal radiologic findings. We sought to
minimize some of the problems by 1) prospectively standardizing
the definition of infection, 2) effectively blinding the independent
assessors from the results of the diagnostic markers and conceal-
ing the identity of the patient during the classification process, 3)
using the latest digital technology in enhancing the radiographic
film quality, and 4) having a relatively large sample size in the
study. Furthermore, unlike most previous studies (5,6,13), we
purposefully classified the suspected infected episodes into just
two groups, the “infected” and the “noninfected” groups, to
simulate the therapeutic decision-making process in clinical prac-
tice. The absence of buffer groups, such as “possible infection
group” (5), “suspected infection group” (6), or “clinical sepsis
group” (13), may theoretically increase the probability of misclas-
sification of cases. However, our findings indicated that CD64
remained a sensitive marker for identification of early- and late-
onset neonatal sepsis. It was possible that neonatal sepsis might
occur in the absence of septicemia, meningitis, NEC, and pneu-
monia and thus affected the diagnostic utilities of the tests. In the
current study, six infants who were classified as being noninfected
but ran a severe clinical course and had negative blood culture and
radiographic finding were subsequently found to have both in-
creased CD64 expression and raised serum CRP concentrations
(Table 4). All received a full course of antibiotics. The clinical and
biochemical evidence suggested that these infants were most
likely to be infected rather than false-positive cases. Including
these cases to the infected group would improve the specificity
and PPV of CD64 to 83 and 75%, respectively.
Recent reports suggested that the expression of other cell

surface antigens such as CD11b on neutrophils (5,6), CD45RO
and CD25 on lymphocytes (19–21), and CD69 on NK cells
(22) were potential valuable markers for predicting neonatal
sepsis. However, not all have been validated to be suitable for
clinical use. CD11b has been found to be a sensitive diagnostic
marker for early-onset clinical infection (5,6), but our previous
study was unable to confirm its diagnostic value for late-onset
sepsis in preterm infants (12). We have in this series shown
that CD64 is a sensitive infection marker for both early- and
late-onset neonatal infection, in term and preterm infants. The
advantages of using CD64 as a diagnostic marker are that 1)
the flow cytometric analysis can be performed with minimal
blood volume (50 �L of whole blood); 2) the result is available
within 4 h after the specimen reaches the laboratory; 3) the
measurement is “quantitative” and thus enables comparison of
results among different centers; 4) unlike cytokines, which are
usually assayed in batches (18), the measurement of cell
surface antigens is performed on an ad hoc basis; 5) the
persistent expression of CD64 for at least 24 h gives the marker
a wide diagnostic window; and 6) the very favorable diagnostic
utilities render CD64 one of the best infection markers for the
identification of early- and late-onset neonatal sepsis.

CONCLUSION

In conclusion, our findings strongly suggest that measure-
ment of neutrophil CD64 may allow neonatal clinicians to

Figure 3. The ROC curves of CRP and neutrophil CD64 expression at 0 h (A)
and 24 h (B).

802 NG ET AL.



discontinue antimicrobial treatment at 24 h, without waiting for
the definitive microbiologic culture results, in infants who are
clinically stable and whose CD64 expressions are below the
predefined cutoff value.
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Table 6. Comparison of sensitivity, specificity, PPV, and NPV of markers using different cutoff values at 0 and 24 h of suspected clinical
sepsis

Infection markers Cutoff values

0 h 24 h

Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV

CD64 (antibody-PE molecules bound/cell) �5500 0.81 0.81 0.69 0.89 0.97 0.72 0.64 0.98
�6136 0.79 0.89 0.78 0.89 0.96 0.81 0.71 0.97
�7060 0.70 0.94 0.86 0.86 0.90 0.91 0.84 0.95
�7496 0.64 0.96 0.88 0.84 0.86 0.92 0.85 0.93

CRP (mg/L) �4.5 0.70 0.69 0.54 0.81 0.81 0.56 0.48 0.85
�6.7 0.58 0.84 0.65 0.79 0.72 0.72 0.57 0.84

�10.0 0.49 0.91 0.73 0.77 0.60 0.83 0.64 0.80
�15.0 0.35 0.98 0.89 0.74 0.44 0.92 0.73 0.76

Table 7. Comparison of sensitivity, specificity, PPV, and NPV of combination of markers (CD64 and CRP) using various cutoff values at 0
and 24 h of onset of infection

Combination of markers
(antibody-PE molecules
bound/cell or mg/L)

0 h 24 h

Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV

CD64 �6136 or CRP �10 0.81 0.82 0.69 0.89 0.97 0.71 0.63 0.98
CD64 �7060 or CRP �10 0.77 0.86 0.73 0.88 0.94 0.78 0.68 0.96
CD64 �7496 or CRP �10 0.72 0.87 0.74 0.86 0.90 0.79 0.69 0.94
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