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Abstract

Objective—The aim of this study is to determine the validity and reliability of neutrophil CD64
in identifying infected infants and to evaluate the impact of this marker on clinical care.

Study Design—Neutrophil CD64 index was incorporated in 371 infection evaluations in 234
infants (ages 1-293 days) from 2005 to 2009 and the impact of this change on clinical care was
evaluated.

Results—The sensitivity of the neutrophil CD64 assay was 87% in identifying 31 episodes of
culture positive sepsis and 83% in identifying 12 infants with ventilator-associated pneumonia.
There was no difference in the mean number of antibiotic days in infants with a normal CD64
versus those with a normal complete blood count (CBC) (p = 0.89), but twofold more infants were
identified as “not infected” by CD64 than by CBC.

Conclusion—CD64 had a high sensitivity for identifying infected infants while also decreasing

the number of infants that were exposed to unnecessary antibiotic use.
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The care of neonates has advanced significantly in recent decades with the introduction of
surfactant, gentle ventilation strategies, and antenatal steroids.[1] [2] Despite these advances,
morbidity and mortality in premature and other critically ill neonates remains unacceptably
high. One of the most significant contributors to poor neonatal outcomes is neonatal
infection.[3] [4] [5] [6]
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Traditionally, neonatologists have relied on physical exam, blood culture, and complete
blood counts (CBC) to evaluate and identify infected infants. Although blood cultures are
considered the gold standard for diagnosing infection, the sensitivity of blood cultures in
neonates is poor and the 24 to 48 hours required for blood cultures to grow is too long to be
useful in the immediate evaluation of a potentially infected infant.[7] [8] [9] Moreover, the
sensitivity and specificity of physical exam and CBC are also poor, making these tests
unreliable in sepsis evaluations.[10] [11] [12] [13] [14] [15] [16] [17] [18] The poor
sensitivity and specificity inherent to this traditional approach means that most infants that
are evaluated for infection are started on antimicrobial therapy and will be needlessly
exposed to the potential negative effects of antimicrobial exposure.

In 2007, options for improving the evaluation of potentially infected infants at Cincinnati
Children’s Hospital Medical Center were investigated. Several candidate hematologic
markers, including neutrophil CD64 index, C-reactive protein, and procalcitonin, were
evaluated to determine which one would most likely improve the care of neonates. Because
we desired a marker that would change quickly and therefore could be used to determine
whether or not to initiate antibiotics during the initial assessment of the infant, C-reactive
protein was ruled out because of the low sensitivity reported for this marker during the early
stages of infection.[13] [19] [20] [21] [22] Neutrophil CD64 was subsequently selected over
procalcitonin because studies suggested CD64 had a slightly higher sensitivity and there
were concerns that procalcitonin may increase nonspecifically during the first few days of
life and during neonatal stress caused by tissue trauma or neonatal respiratory distress
syndrome.[19] [20] [23] [24] [25] [26] [27] [28] [29] Therefore, CD64 was implemented as
part of the standard evaluation of neonates with suspected bacterial infection.

Neutrophil CD64 is a high affinity Fc receptor expressed at low levels on the neutrophil
surface at baseline, which increases significantly when neutrophils are activated by
infectious stimuli.[12] [28] [29] [30] [31] Several previous studies have determined that
CD64 has a high sensitivity, specificity, negative predictive value, and positive predictive
value in neonatal infection.[12] [28] [29] [31] [32] [33] [34] The purpose of the study was to
evaluate the validity and reliability of CD64 and to measure the impact of this test on the
care of potentially infected neonates in “real world” clinical practice.

This study was approved by the Cincinnati Children’s Hospital Medical Center Institutional
Review Board and was conducted at Cincinnati Children’s newborn intensive care unit
(NICU) between March 2005 and March 2009.

The CD64 assay was performed by incubating 50 ul peripheral blood with a saturated
amount of anti-CD64 FITC/anti-CD163 PE cocktail followed by incubation with ammonium
chloride to lyse RBCs. An internal relative control bead suspension is added before analysis
on the FACSCalibur or FACSCanto |1 flow cytometers (BD Biosciences, San Jose, CA).

Each patient sample provides an internal negative control (lymphocytes) and internal
positive control (monocytes). The CD64 index is then calculated using the ratio of the mean
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fluorescent intensity of the neutrophil population to that of the beads as described by the
manufacturer (Trillium Diagnostics LLC, Brewer, ME).

During the first phase of the study, normal CD64 indices were established for our patient
population. A neutrophil CD64 index was obtained from discarded blood in infants in the
NICU who had a CBC evaluation for either infectious or noninfectious reasons.[32] [35]
[36] All infants younger than 1 year who were admitted to the NICU and had a CBC
evaluation were eligible for the study. Patients were excluded if they (1) were on antibiotics
for more than 48 hours before obtaining the CD64 index or (2) had known immunologic
disorder, leukemia, or lymphoma. CD64 indices were obtained within 24 hours of obtaining
the CBC and measured in peripheral blood neutrophils. Although the majority of samples
were obtained from different patients (164 total patients), a patient could be enrolled
multiple times for each separate CBC evaluation performed, provided they were obtained at
least 24 hours apart. Outcome data obtained during phase one of the study were (1) CD64
index, (2) culture result, and (3) antibiotic use. Infants with positive blood cultures were
diagnosed as culture-proven sepsis according to the National Healthcare Safety Network
(NHSN) definition for laboratory confirmed blood stream infections. Because the sensitivity
of blood cultures in neonates is poor, infants were also diagnosed with clinical sepsis if they
met the criteria defined by the NHSN for clinical sepsis. Data obtained from phase 1 of the
study were not shared with the health care team. In addition, a CD64 index was obtained
from discarded blood in noninfected older (i.e., age 1 to > 18 years) patients that met the
same exclusion criteria.

During the second phase of the study, CD64 index was made available as part of the sepsis
evaluation for infants younger than 1 year in the NICU. Health care providers in the NICU
were trained on the optimal cutoff value of the CD64 index and the sensitivity, specificity,
and negative/positive predictive value of the CD64 index in neonatal sepsis. Health care
providers were instructed to consider the CD64 index along with the clinical history,
physical exam, and other laboratory values when determining whether to start and how long
to continue antibiotic therapy, but they were not given CD64 criteria that required starting or
stopping antibiotic therapy. Sepsis evaluations included a CD64, CBC, two peripheral blood
cultures, and if indicated endotracheal tube, urine, and cerebrospinal fluid cultures. Because
of laboratory limitations, CD64 was not available on weekends and as a result, sepsis
evaluations that occurred on weekends did not include a CD64 (i.e., CBC group) whereas
those that occurred on weekdays did include a CD64 (i.e., CD64 group). CD64 results were
typically available within 3 hours of the initial evaluation and the health care team was
allowed to use the results in determining the infant’s plan of care. Patients were excluded if
they had a known immunologic disorder, leukemia, or lymphoma. In addition, we also
excluded healthy normal newborn infants that were admitted to the NICU through the
emergency department for a 48-hour evaluation of fever without a source, as we were
focused on the more complex and critically ill NICU population and did not want these
relatively healthy infants to bias the results. Although the majority of samples were obtained
from different patients, a patient could be enrolled multiple times for each separate sepsis
evaluation, provided there was a minimum of 48 hours between each evaluation. Data
obtained during phase 2 of the study were as follows: (1) birth weight, (2) gestational age,
(3) age at time of testing, (4) CD64 index, (5) culture result (per unit protocol a minimum of
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0.5 mL was obtained for two blood cultures in each patient), (6) location of infection, (7)
antibiotic use, (8) CBC results, (9) use of inotropes, (10) respiratory support, and (11) length
of stay.

Receiver operating characteristic (ROC) curves were constructed using the CD64 indices
and the diagnosis of clinical or culture positive sepsis using SAS 9.3 (SAS Institute Inc.,
Cary, NC). The ROC curve is a plot of 1 specificity versus the sensitivity of the CD64 index
at all observed values. The optimum cut off value of the CD64 index was identified with
SAS based on maximizing the Youden index. Sensitivity, specificity, and standard deviations
were calculated using Microsoft Excel software. For phase 2 analysis, comparisons of CD64
values or days of antibiotics between groups were performed using a Student #test with a
two-tailed distribution and confirmed equal variance. Statistical significance was established
at a pvalue less than 0.05.

A total of 182 evaluations (7= 108, age < 12 months; n= 26, age = 1-12 years; n= 24, age
= 12-18 years; and = 24, age > 18 years) were performed during phase 1 study. The mean
CD64 index (+ standard deviation) in noninfected individuals in each age category was 1.61
(£ 0.84), 1.26 (= 0.98), 0.81 (= 0.23), and 0.68 (* 0.19) for ages < 12 months, 1 to 12 years,
12 to 18 years, and > 18 years, respectively. Results were generally available within 3 hours
of obtaining the sample and were routinely obtained from 0.05 to 0.1 mL of blood. No
variability was observed in CD64 indices when comparing samples that were stored in
ethylenediaminetetraacetic acid versus sodium heparin.[37] In addition, no significant
variability was observed in CD64 indices in control samples over time when samples were
stored for 24 hours at room temperature (mean CD64 index was 0.51 at O hours and 0.57
after 24 hours in control samples from the > 18 years group). Finally, intra- and interassay
runs found the CD64 index coefficient of variation was 7% (CD64 = 0.54 £ 0.04) in control
samples.

A more in-depth analysis was performed on patients in the < 12 months category. These
infants ranged in gestational age at delivery from 25 to 40 weeks gestation and the
chronologic age at the time of evaluation was 2 days to 12 months. Because a CD64 index
was obtained in all infants who had a CBC, a CD64 index was obtained in both infants who
were suspected of infection and proven negative, and in infants who had a CBC evaluation
for noninfectious reasons. However, no difference was detected in CD64 indices between
these two groups of noninfected infants (mean CD64 = 1.6, 7= 14 proven not infected vs.
1.4, n= 84 controls, p=0.52). A total of 11 infants in < 12 months group were suspected of
infection and proven positive (six infants had culture positive sepsis and five infants were
diagnosed with clinical sepsis). The responsible organisms in the culture positive patients
were Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia, Pseudomonas
aeruginosa, and Staphylococcus epidermidis.

The ROC curves for CD64 obtained during phase 1 study were calculated using the
combined infected group of both culture positive and clinical sepsis in the < 12 months
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category. Analysis of the ROC curve revealed an optimal cutoff value of CD64 index = 2.3
which produced a sensitivity and specificity of 100 and 93%, respectively.

In phase 2 of the study, 371 evaluations were performed in 234 infants (54% male and 46%
female). Because of laboratory capacity limitations CD64 indices were not available 24
hours/day, therefore, 305 evaluations included a CD64 index, CBC, and culture (CD64
group) whereas 66 evaluations included CBC and culture only (CBC group). Gestational age
ranged from 24 to 40 weeks with a mean of 32.5 weeks. The average age at time of testing
was 59.4 days with a range of 1 to 293 days of life.

Overall 30 infants had positive blood cultures in the CD64 group and 10 infants had positive
blood cultures in the CBC group. Because CD64 and CBC were used to direct clinical care
and influenced decisions regarding antibiotic duration, the diagnosis of clinical sepsis was
excluded from calculating sensitivity during phase 2 data analysis. Using a cutoff value for
CD64 of 2.3 that was established in phase 1 of this study and previously published normal
values for CBC indices (i.e., normal was defined as total white blood cell (WBC) = 5,000-
20,000; absolute neutrophil count = 7,500-14,500; and immature:total neutrophil ratio <
0.2),[13] [14] [15] [16] [17] [18] the sensitivities of CD64 and the CBC indices of total
WBC, absolute neutrophil count, and immature:total neutrophil ratio for detecting culture
positive sepsis in patients in the CD64 group were 87, 50, 83, and 40%, respectively ([Figure
1]). Of the 30 infants, 4 infants with positive blood cultures in the CD64 group had normal
CD64 index. In these infants, two had blood cultures that were positive for Staphylococcus
epidermidis, one was diagnosed with Haemophilus influenza, and one had a positive blood
culture that was collected from a central venous catheter.

To determine if the CD64 index correlated with disease severity, CD64 indices were
compared in infants with positive blood cultures based on the need for mechanical
ventilation or inotropic support ([Figure 2A, B]). When evaluating the entire population of
culture positive infants, there was no significant difference in the CD64 index when
comparing the need for mechanical ventilation (o = 0.87) or inotropic support (p = 0.90).

During phase 2, 16 infants in the study population were evaluated 20 times for ventilator-
associated pneumonia (VAP). While all of these infants had a positive endotracheal tube
culture and negative blood culture, only 12 evaluations met the National Healthcare Safety
Network criteria for VAP. CD64 indices were elevated in 10 of these evaluations (83%
sensitivity). In contrast, only 5 of the 12 infants with VAP had an abnormal CBC (42%
sensitivity). CD64 indices were normal in five of the eight evaluations that were negative for
VAP (63% specificity) ([Figure 3]).

One of the primary goals of this study was to improve the care of neonates by decreasing
unnecessary antibiotic exposure. Therefore, we measured the duration of antibiotic exposure
in infants with normal results in the CD64 group (i.e., CD64 < 2.3) versus those with normal
results in the CBC group (i.e., a normal WBC, absolute neutrophil, and I:T ratio; [Table 1])
There was no significant difference in the mean number of antibiotic days in infants
evaluated with a CD64 versus those evaluated with the traditional CBC (p = 0.89), but only
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23% of the infants in the CBC group had a normal result, whereas 51% of the infants in the
CD64 group had a normal result.

When infants with elevated CD64 indices in the CD64 group were compared with infants
with abnormal WBC indices in the CBC group, the CD64 group was treated with
significantly longer antibiotics (o = 0.006) ([Table 1]). Ultimately, the difference of an
abnormal versus normal result in the CD64 group was associated with a change of 3.4
antibiotic days versus a change of only 0.7 days in the CBC group.

Discussion

For decades, a CBC and blood culture were the standard practices in neonatology when
evaluating an infant for suspected sepsis. However, mounting evidence continues to suggest
that these tests are significantly limited in their ability to diagnose sepsis and that failing to
evaluate sepsis quickly and accurately can place the infant at risk.[7] [8] [9] [13] [14] [15]
[16] The purpose of this study was to evaluate the validity and reliability of neutrophil CD64
index in clinical practice to determine if this marker improved the care of potentially
infected neonates.

During phase 1 of this study, normal values were established for CD64 in the study
population. Although this study focused toward the neonatal population, there was concern
that CD64 indices may vary with age; therefore, CD64 indices were initially measured in
noninfected patients across a broad age range. The mean CD64 index did increase with
decreasing age, but the relative change was minor in comparison to increases observed in
infected neonates. Within the infant population, an appropriate cutoff value was established
by ROC curve (CD64 index = 2.3) for the combined group of culture positive and clinical
sepsis. This result was based on a relatively small number of patients, but it was only meant
to validate the results of previous studies reporting a similar optimal cutoff and confirmed
that this assay was reproducible at our institution.[12] [28] [29] [31] [32] [33] [34]

During phase 2 of this study, CD64 was made available as part of the sepsis evaluation in the
NICU and the impact of this marker on neonatal care was monitored. Because CD64 indices
were used to determine duration of antibiotic use, which is part of the definition of clinical
sepsis, the sensitivity of CD64 for detecting clinical sepsis during phase 2 of the study could
not be evaluated, but the sensitivity of CD64 for detecting culture positive sepsis could be
evaluated. The observed CD64 sensitivity of 87% was higher than the sensitivity of the
individual CBC indices, but slightly lower than the sensitivity predicted by the ROC curve in
phase 1. The reason for this lower CD64 sensitivity during phase 2 is uncertain, but it may
have been influenced by three of the culture positive patients with low CD64 indices that
potentially represented contaminants and not true systemic infection: two were positive for
Staphylococcus epidermidis and one had a positive culture that was obtained a
presumptively colonized line. Despite this potential caveat, our observed CD64 sensitivity of
87% is consistent with previous results and a marked improvement from the sensitivity of
the traditional CBC.
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We originally hypothesized that CD64 indices would predict the severity of the infection;
however, we found no correlation between CD64 indices and disease severity. It is possible
that a correlation would be revealed if the many factors that influence disease severity in the
critically ill neonate were eliminated via a multivariate analysis, but that analysis is beyond
the scope of this study.

Although the CD64 index performed relatively well in diagnosing neonatal sepsis, when
evaluating individual patients our data suggests that a normal CD64 did not lead to a
decrease in the number of antibiotic days when compared with a normal CBC. It is
important to note that there were no criteria within our protocol for stopping antibiotics and
any observed change in antibiotic use was due solely to the impact of the test on clinical
decision making by the care provider. Despite this limitation, twice as many of the evaluated
infants were identified as “not infected” by normal CD64 versus a normal CBC (51 and
21%, respectively) suggesting that CD64 would ultimately lead to an overall decrease in
unnecessary antibiotic use. In addition, a comparison of the number of antibiotic days in
infants with abnormal and normal results in the CD64 group versus CBC group suggests that
CD64 had a much greater impact on antibiotic use (i.e., 3.4 vs. 0.7 days, respectively) and
that in general; neonatologists found CD64 to be more influential than CBC when evaluating
potentially infected infants. This influence may have been even greater had we coupled
CD64 with a quality improvement initiative focused toward using this marker to stop
unnecessary antibiotic use. Given the high sensitivity of CD64, it would not be unreasonable
to either wait until the CD64 result returned to start antibiotics or stop antibiotics in infants
that are clinically stable when a normal CD64 index is returned (i.e., 3—4 hours after the
evaluation) rather than completing the traditional 48-hour rule out while waiting for blood
culture results.

It is important to note that our conclusions are limited by the lack of randomization between
the CD64 and CBC groups although our infants were essentially quasi-randomized as the
group determination was based on when the sepsis evaluation occurred (i.e., weekend vs.
weekday). In addition, this study only compared CD64 to the traditional CBC, it did not
compare the neutrophil CD64 index to other biomarkers such as C-reactive protein or
procalcitonin.

In summary, these findings suggest that CD64 is a very sensitive marker for detecting
neonatal sepsis and VAP and that this test decreased unnecessary antibiotic use when it was
placed into neonatal clinic.
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CD64 and white blood cell (WBC) indices in infants with culture positive sepsis. Thirty
infants were identified with culture positive sepsis in our study group. CD64 and complete
blood count (CBC) indices are reported for each infant with culture positive sepsis during
phase 2 of this study. To determine the sensitivity of CD64 (CD64) and the CBC indices of
total count, total neutrophil count (total neutrophil) and immature:total neutrophil ratio (1:T)
in detecting culture positive sepsis, a CD64 normal range of < 2.3 and previously published

normal values for CBC indices (indicated by gray boxes) were used.
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Figure 2.

CD64 values do not correlate with disease severity. CD64 indices were compared in infants
with positive blood cultures based on the need for (A) mechanical ventilation or (B)
inotropic support. When evaluating the entire population of culture positive infants as a
whole, there was no significant difference in CD64 indices when comparing the need for
mechanical ventilation (p = 0.87) or inotropic support (p = 0.90).
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Figure 3.
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CD64 and complete blood count indices in infants with ventilator-associated pneumonia
(VAP). Sixteen infants in the study population were specifically evaluated a total of 20 times
for VAP. Twelve infants met the criteria for VAP (VAP +) and 8 were negative for VAP (VAP
-). CD64 indices (CD64), white blood cell and I: T neutrophil ratios (1:T) were determined.

WBC, white blood cell; I: T neutrophil ratio, immature:total neutrophil ratio.
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Duration of antibiotic use in infants evaluated with a CD64 versus CBC (days * standard deviation)

Table 1

Normal result Abnormal result
CD64 group | 4.3+4.7 (n=156,51%) | 7.7 5.1 (n= 149, 49%)
CBCgroup | 45+35(n=1523%) | 5.2+5.2(n=51, 77%)
pValue 0.89[9 0.006[4]

Abbreviation: CBC, complete blood count

a .
p values were calculated using a Student t-test.
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