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Accuracy of CD64 expression on neutrophils and monocytes in bacterial
infection diagnosis at pediatric intensive care admission
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Abstract
The CD64 receptor has been described as an interesting bacterial infection biomarker. Its expression has not been studied in
previously healthy children admitted to pediatric critical care unit (PICU). Our objective was firstly to describe the CD64
expression and secondly study its diagnostic accuracy to discriminate bacterial versus viral infection in this children. We made
a prospective double-blind observational study (March 2016–February 2018). A flow cytometry (FC) was done from peripheral
blood at PICU admission. We studied the percentage of CD64+ neutrophils and the CD64 mean fluorescence intensity (MFI) on
neutrophils (nCD64) and monocytes (mCD64). Statistical analyses were performed with non-parametric tests (p < 0.05). Twenty
children in the bacterial infection group (BIG) and 25 in the viral infection group (VIG). Children in BIG showed higher values of
CD64+ neutrophils (p = 0.000), nCD64 (p = 0.001), and mCD64 (p = 0.003). In addition, CD64+ neutrophils and nCD64
expression have positive correlation with procalcitonin and C reactive protein. The nCD64 area under the curve (AUC) was
0.83 (p = 0.000). The %CD64+ neutrophils showed an AUC of 0.828 (p = 0.000). The mCD64 AUC was 0.83 (p = 0.003). The
nCD64 and %CD64+ neutrophils also showed higher combined values of sensitivity (74%) and specificity (90%) than all
classical biomarkers.In our series CD64 expression allows to discriminate between bacterial and viral infection at PICU admis-
sion. Future studies should confirm this and be focused in the study of CD64 correlation with clinical data and its utility as an
evolution biomarker in critical care children.
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Introduction

Infectious diseases are a main cause of admission in pediatric
intensive care unit (PICU). Bacterial and viral infections are
the principal causes in healthy children. Added to the support-
ive therapies used in PICU, to start a correct and prompt an-
timicrobial treatment is critical in order to anticipate

complications and minimize morbidity [1]. The inexistence
of accurate and precocious biomarkers of viral or bacterial
infection forces the physician to initiate broad spectrum ther-
apies that maybe are not indicated [8]. This, plus a not ade-
quate de-escalation antibiotherapy politic, increases the prob-
ability of bacterial antibiotic resistance. Also, the PICU and
hospital stance are prolonged with an impact in cost each
admission [8, 13, 23].

Nowadays, in acute or critical context, early etiological
recognition of infection remains a matter of concern. There
is no doubt about how the etiological diagnosis of infection
has been improved in recent years. The introduction of mo-
lecular diagnosis tools, such reactive polymerase chain reac-
tion or rapid immunological test, has collaborated in this new
status. But, gold standard, as the blood culture or other body
fluid cultures, requires at least 24–48 h to offer its results.
Also, negative cultures do not completely exclude the pres-
ence of suspected bacterial infection [8, 13]. Biomarkers that
may facilitate early diagnosis and the assessment of
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therapeutic responses are in focus and widely explored. The
evidence that support the use of C-reactive protein (CRP) or
procalcitonin (PCT) has been complemented with recent in-
vestigations that show the utility and interest of new bio-
markers [19, 26]. This new molecules have high sensibility
and specificity and also inform about the inflammatory status,
the presence of bacteraemia or the respond to the therapy
initiated. In this paper we describe the utility of flow cytome-
try (FC) to study the expression of the high-affinity immuno-
globulin-Fc fragment receptor I (FcγRI) CD64 on neutrophils
and monocytes [5, 21, 23].

The flow cytometry is a laboratory technique that allows
evaluating immune status of leukocyte populations. In spite of
its advantages, it remains not routinely employed in clinical
practice. Its use is generally restricted to circumstances in
which determination of leukocyte populations is essential
(e.g., diagnosis of leukemia or HIV). Flow cytometer is able
to measure leukocyte populations instantaneously, facing a
stream of cells to a laser and capturing the emergent light.
Thus, both basic cellular features (size, complexity, etc.) and
immune characteristics (immunophenotyping) are determined
[5, 10]. Since it allows evaluating the immune response in a
dynamic way, its use might provide unique clinical informa-
tion. That would permit detecting immunological changes in
real time, substantiating diagnostic suspicion, anticipating the
evolution, and modifying therapeutic attitudes. Its use and
interpretation, mainly in the context of inflammation (whether
from an infectious etiology or not), it is a novel and interesting
approach to these patients [25].

TheCD64 is a type I high-affinity receptor for the Fc fraction
of the immunoglobulin G, located on the surface of monocytes,
macrophages, dendritic cells, and neutrophils. It induces phago-
cytosis, superoxide anion generation, and cytokine production
in monocytes and macrophages. Its expression is upregulated
by the presence in peripheral blood of gamma interferon
(IFN-γ), released in infection conditions. Increasing of its den-
sity on surface is directly related to the intensity of stimulation
received by inflammatory cytokines, quantified in cytometry as
mean fluorescence intensity (MFI). Thus, different studies have
shown an increase in the expression of CD64 as a response to
bacterial infection (sepsis in newborns, preterm very low
weight, pediatric population, and adults) [27]. In case of viral
infections CD64 expression has been described as lower that in
bacterial diseases [5, 13, 18, 21].

The aim of this study was to describe the CD64 expression
in healthy children requiring PICU admission because of an
infectious disease. For this purpose, the percentage of CD64-
positive cells and the mean fluorescence intensity (IFM) of CD-
64 on monocytes (mCD64) and neutrophils (nCD64) were de-
termined. Afterward, the possible differences in CD64 expres-
sion between viral or bacterial infection were analyzed in order
to compare them and describe the diagnostic accuracy to dis-
criminate viral versus bacterial infection at PICU admission.

Material and methods

Prospective double-blind observational study was conducted
in a single pediatric institution (Hospital Infantil Universitario
Niño Jesús) (HIUNJ) after Ethics Committee for clinical re-
search approval. Children admitted to the PICU because of
infectious disease from March 2016 to February 2018 were
consecutively included. One peripheral blood sample was ex-
tracted after parents or legal guardians consent at admission in
PICU. Always a previously established intravenous line was
used when present. The volume obtained was 0.5 ml per sam-
ple and collected in sterile EDTA tube. The sample handling
was based on item 59 of the Spanish law on Biomedical
Research. Study was designed to not influence the treatment
of the participating patients.

Sample processing and analysis by flow cytometry

Samples were collected in sterile EDTA at room temperature
or refrigerated at 4 °C, used for CD45+ cells marking, and
analyzed by flow cytometry in a time period shorter than 24 h.
CD64 surface expression was measured by BD FACS Canto
II flow cytometer (Becton Dickinson, New York, USA). It
was measured in monocytes (mCD64) and neutrophils
(nCD64) staining a blood sample with a CD64 antibody from
Biolegend®, San Diego (clone 10.1). Cell viability was con-
firmed by 7-AAD staining. At least 10,000 events were re-
corded for each sample. The flow cytometer settings and sam-
ples were prepared according to the manufacturer’s instruc-
tions. Neutrophils, monocytes, and lymphocytes were identi-
fied on dot-plot profile and gated (Fig. 1 and Fig. S1). The
intensity of CD64 surface expression was measured as mean
fluorescence intensity (MFI) in arbitrary units. The positive
CD64 cells were expressed as percentage. Results were
blinded for clinicians. The experimental team did not know
any clinical data from the children included. The cost for each
experiment per patient was 7€.

Inclusion criteria and collected data

All children with infectious disease as main cause of PICU
admission were recruited. Demographic, neutrophil percent-
age, monocyte percentage, lymphocyte percentage, CRP at
admission, PCT at admission, CD64 expression at admission,
and final etiological diagnosis were collected. No previously
healthy children were excluded. Later also were excluded: (1)
no etiological diagnosis or children with a confirmed coinfec-
tion (viral and bacterial) or the presence of positive cultures
considered as contaminations (Staphylococcus epidermidis
positivity from a culture not obtained at admission and/or
from a venous access later instituted), (2) primary or second-
ary immunodeficiency, (3) refusal to participate, (4) children
with suspected bacterial or viral infection but no
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microbiological confirmation, and (5) one or more
antibiotherapy doses to PICU admission. Neutrophil count,
PCT, and CRP were obtained from the same blood sample
used to determine CD64 by FC. In addition, neutrophil count,
PCT, and CRP were considered as references to compare the
diagnosis accuracy of CD64.

Definitions for a microbiologically confirmed case of bac-
terial infection included (1) isolation of an organism by culture
from blood, urine in a patient with clinical symptoms and
signs of urinary tract infection or pyelonephritis, needle aspi-
ration of abscess or empyema, stool sample of a patient with
symptoms of gastroenteritis, pus sample from deep wound
infection, or detection of Streptococcus pneumoniae antigen
from the pleural effusion sample of a patient with pneumonia.

The diagnosis of a microbiologically confirmed viral infec-
tion required (1) detection of IgM antibodies or a fourfold
increase in IgG antibodies in serum samples, (2) viral antigen
from nasopharyngeal aspirate, or (3) viral nucleic acids by
polymerase chain reaction of a nasopharyngeal aspirate, bio-
logical fluid, or blood.

The data obtained from CD64 expression on leukocytes
were (1) % of CD64+ neutrophils: percentage of neutrophils
with CD64 expression on surface, (2) nCD64: mean fluores-
cence intensity of CD64 on neutrophils, and (3) mCD64:
mean fluorescence intensity of CD64 on monocytes.

Statistical study

Statistical analysis was performed with the statistical program
SPSS version 19.0 (IBM®). The quantitative values are
expressed as mean and standard deviat ion. The
Kolmogorov-Smirnov test was applied to establish the

goodness of fit to normality for the variables studied. To com-
pare quantitative variables between the bacterial and viral
groups, a Mann-Whitney U test was used. Spearman’s rank
correlation coefficient was bi-marginally calculated to mea-
sure the relationship between two continuous variables. A
receiver operating characteristic (ROC) analysis with area un-
der curve (AUC), sensitivity, and specificity and cutoff values
was performed for each biomarker, and their diagnostic accu-
racy for PBI or antibiotherapy was calculated. The cutoff
values were calculated by Youden index. Findings of two-
tailed p < 0.05 were considered statistically significant.

Results

One-hundred and forty-five children were recruited. After dis-
card by exclusion criteria, 54 children were classified as viral
or bacterial infection. Later, 9/54 were excluded because of
the existence of an immunodeficiency, mainly secondary due
to oncological therapies (Fig. 1). Finally, there was 20 children
in the bacterial infection group (BIG; 2 urinary tract infection,
12 non-respiratory infection, 2 central nervous system infec-
tion, and 6 respiratory tract infection) and 25 in the viral in-
fection group (VIG; 22 respiratory tract infection and 3 central
nervous system infection). There were 20 females and 25
males. The children in the VIG were younger than the IBG
(mean 590 days ± 431 versus 1592 days ± 225, p = 0.002). It
was the only difference observed in epidemiological data be-
tween groups. About the classical biomarkers, all of them
were higher in the IBG (Table 1 and see in Fig. S1 the differ-
ences observed in the FC dot-plot charts).

Fig. 1 Flow diagram of children
recruited and finally included in
the study
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CD64 expression was higher in bacterial infections
and correlates with classical infection biomarkers

Children with BIG showed higher values of % CD64+ neutro-
phils (p = 0.000), nCD64 (p = 0.001), and mCD64 (p = 0.003)
(see Table 1). The nCD64,% of neutrophils CD64+ andmCD64
showed positive correlation with PCT (p = 0.001, p = 0.002,
p = 0.04). Also, nCD64 andmCD64 showed positive correlation
with CRP (p = 0.02 and p = 0.04; see Table 2). No differences
were observed between gender. The CD64 expression was not
correlated with age or days of prior to admission in PICU.

ROC analyses: CD64 expression is useful as a bacterial
infection biomarker

To study the usefulness of CD64 surface expression as a tool
to predict bacterial infection, we evaluated the ROC curve
(Fig. 2) for these data compared to the classical analytical data.

As seen in Table 3, CRP showed the best AUC, been of 0.851
(p = 0.000; with a cut point of 3.5 mg/dl and 89% specificity
and 71% sensitivity). All three AUC from CD64 were higher
than the rest of biomarkers. The nCD64 AUC was 0.83 (p =
0.000 with a cut point of 4353.5 MFI and 90% specificity and
74% sensitivity). The % CD64+ neutrophils showed an AUC
of 0.828 (p = 0.000 with a cut point of 99.5% MFI and 90%
specificity and 74% sensitivity). Finally, the mCD64 AUC
was 0.83 (p = 0.003 with a cut point of 1033 0MFI and 57%
specificity and 95% sensitivity).

Discussion

In the present paper, we describe for the first time the CD64
expression on monocytes and neutrophils in previously
healthy children admitted to PICU because of an infectious
disease. We observed that in bacterial infection cases the

Table 1 Mean values and
standard deviation of the classical
biomarkers and CD64 expression
on leukocytes in bacterial and
viral group

Biomarkers Bacterial infection (N = 20) Viral infection (N = 25) Comparison

Mean Standard deviation Mean Standard deviation p

PCT 14.40 ± 9.02 0.45 ± 0.25 0.002

CRP 12.21 ± 2.08 2.95 ± 0.78 0.002

% monocytes 8.55 ± 0.97 14.76 ± 1.47 0.001

% lymphocytes 16.55 ± 2.48 36.24 ± 3.72 0.001

% neutrophils 63.95 ± 4.72 41.64 ± 3.71 0.001

% CD64+ neutrophils 86.90 ± 5.80 63.72 ± 5.76 0.000

nCD64 5430.80 ± 787.48 2167.48 ± 348.57 0.001

mCD64 16,931.55 ± 1469.50 11,731.28 ± 835.03 0.003

Comparative analysis and signification are shown. Significative differences are in bold

PCT procalcitonin, CRP C reactive protein, % monocytes percentage determined by flow cytometry, % lympho-
cytes percentage determined by flow cytometry, % neutrophils percentage determined by flow cytometry, %
CD64+ neutrophils percentage of neutrophils with CD64 expression on surface, nCD64 mean fluorescence
intensity of CD64 on neutrophils, mCD64 mean fluorescence intensity of CD64 on monocytes

Table 2 Spearman rank
correlation between classical
biomarkers and CD64 expression

Biomarkers Statistical analysis and signification nCD64 % CD64+ neutrophils mCD64

PCT (ng/ml) Correlation coefficient 0.487** 0.461** 0.323*
p 0.001 0.002 0.040

CRP (mg/ml) Correlation coefficient 0.352* 0.291 0.314*
p 0.026 0.068 0.048

% monocytes Correlation coefficient − 0.376* − 0.351* − 0.235
p (bilateral) 0.011 0.018 0.121

% lymphocytes Correlation coefficient − 0.171 − 0.179 − 0.079
p 0.262 0.240 0.607

% neutrophils Correlation coefficient 0.177 0.165 0.154
p 0.244 0.279 0.312

Significative differences are in bold

PCT procalcitonin, CRP C reactive protein, % monocytes percentage determined by flow cytometry, % lympho-
cytes percentage determined by flow cytometry, % neutrophils percentage determined by flow cytometry, %
CD64+ neutrophils percentage of neutrophils with CD64 expression on surface, nCD64 mean fluorescence
intensity of CD64 on neutrophils, mCD64 mean fluorescence intensity of CD64 on monocytes
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CD64 expression was higher than in case of viral infection. In
addition, CD64 correlates with classical infection biomarkers.
Finally, the CD64 expression on neutrophils and the percent-
age of CD64+ neutrophils have cutoff values with high spec-
ificity to diagnosis bacterial infection.

As it is known, several methods are used and studied to
identify or anticipate bacterial infections. Improve the rational
use of antibiotics is a worldwide priority and the interest of
new methods of precocious bacterial diagnosis is rising. At
PICU admission, the initiation of antibiotic is mainly

influenced by clinical sings and analytical biomarkers [8, 13,
23]. Therefore, the study and introduction of new diagnostic
techniques to improve antibiotherapy choices is of great inter-
est. Neutrophil count, CRP, or PCT are the classical bio-
markers [8, 23]. Individually, they do not possess high speci-
ficity or sensitivity and are generally more helpful when con-
sidered together [26].

The interest in CD64 as a bacterial infection biomarker has
rose in recent years [3, 4, 8, 11, 19, 21, 22]. The nCD64
expression is considered a very early phase of a host’s immune

Fig. 2 Receiver operating
characteristic curve comparison
between CD64 expression and
classical biomarkers. PCT
procalcitonin, CRP C reactive
protein, % of CD64+ neutrophils
percentage of neutrophils with
CD64 expression on surface,
nCD64 mean fluorescence
intensity of CD64 on neutrophils,
and mCD64 mean fluorescence
intensity of CD64 on monocytes

Table 3 Receiver operating characteristics (ROC) analyses of analytical data included and CD64 expression in monocytes and granulocytes to predict
bacterial infection

Biomarkers AUC p value to predict BI 95% confidence interval Cutoff point by Youndex index Sensitivity Specificity

Inferior limit Superior limit

PCT (ng/ml) 0.767 0.004 0.613 0.921 0.5 ng/ml 63% 86%

CRP (mg/ml) 0.851 0.000 0.729 0.973 3.5 mg/dl 89% 71%

% neutrophils 0.769 0.004 0.623 0.916 68% 58% 90%

nCD64 0.830 0.000 0.695 0.964 4353.5 74% 90%

% CD64+ neutrophils 0.828 0.000 0.692 0.964 99.5% 74% 90%

mCD64 0.772 0.003 0.627 0.917 10.330 95% 57%

Significative values are in bold

PCT procalcitonin, CRP C reactive protein, % neutrophils percentage determined by flow cytometry, % CD64+ neutrophils percentage of neutrophils
with CD64 expression on surface, nCD64 mean fluorescence intensity of CD64 on neutrophils, mCD64 mean fluorescence intensity of CD64 on
monocytes
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response to bacterial infection. It is strongly upregulated with-
in 4–6 h in case of infection, and it starts to increase 1 h after
invasion. Currently, CD64 expression could be quickly and
precisely measured by flow cytometric technology using min-
imal blood volumes. The main problem is the absence of
optimal cutoff values and observational studies that confirm
its utility [8]. About the flow cytometry, it is a laboratory
technique based on marking leukocyte populations with
monoclonal antibodies. This technique allows to evaluate in
a dynamic way immune status and response of a patient both
under basal and disease conditions. Its use results in a novel
approach with great interest for these patients [4, 9, 24, 25].
Mainly in the context of an infection, its use and interpretation
may provide unique information letting know immunological
changes in real time [11]. These properties would help to
substantiate diagnostic suspicion, anticipate the evolution,
and modify therapeutic attitudes dynamically.

In our study, we demonstrated that CD64 expression on a
blood sample at PICU admission was higher in case of bacte-
rial infection (Table 1). In addition, we observed that this
molecule on monocytes and neutrophils have positive corre-
lation with classical biomarkers (Table 2). Both observations
have not been previously described in pediatric PICU popu-
lation [12, 15, 26]. As our group has seen in other infectious
scenarios (severe acute bronchiolitis), the CD64 rise in paral-
lel to the CRP and the PCT [10]. The CD64 expression adds
data about the patient immunophenotypic status. It informs
about a pro-phagocytosis status in case of bacterial infection
[17]. Besides, we describe and know the immune response to
the infection and to define if the patient has a normal response
to it [6, 16, 27]. The CD64 has been also described as a highly
sensitive marker of culture positive sepsis or bacteremia [7,
19, 20, 23]. All children in the BIG were microbiologically
confirmed, so we were able to see that. The main issue about
this is that we exclude all suspicion of bacterial infection, with
no positive culture or other method, and also we did not con-
sider those children with at least one antibiotic dose. To really
confirm this data, we should analyze this population in future
studies in order to know if CD64 really anticipate bacteremia.

About cutoff points, in the last years, two meta-
analyses of observational studies have been published on
the accuracy of nCD64 as an early diagnostic biomarker
in bacterial infections. Pooled sensitivity of nCD64 for the
diagnosis of early onset of bacterial infections ranged
from 76% (95% CI 74–78) to 79% (95% CI 70–86),
whereas pooled specificity was between 85% (95% CI
83–86) and 91% (95% CI 85–95). Importantly, both
meta-analyses have results from adult, pediatric, and neo-
natal studies, which may explain their high level of het-
erogeneity [2, 14]. Our study has similar results than these
papers. The AUC of nCD64 showed similar sensitivity
and specificity that in previous publications. In addition,
we add to this previous data the analysis of the percentage

of positive neutrophils to CD64 and the increase in MFI
of mCD64. Both parameters showed good performance in
order to obtain bacterial infection diagnosis with an AUC
superior to all the classical biomarkers analyzed except
CRP (Table 3). This has not been previously described
nor in children or adult population.

This study presents some limitations. It is done in two
groups of infection: viral or bacterial. It will be of great
interest to analyze CD64 performance in case of fungal in-
fections. We choose to study these two groups because they
are the main cause of infections in healthy children. Its re-
alization in a single center, with a small number of patients
and without strictly defined admission criteria, despite min-
imizing clinical management variability, may not display/
show the different clinical approach of these patients in a
reliable way. At the same time, it cannot be assumed that
CD64 is the only bacterial infection biomarker. Also, the
positive children may well represent the most severe or
acute cases in the spectrum, and may not be representative
of the performance of the test on children in general. Their
values should be compared and added to traditional bio-
markers in larger samples. This aspect could also be atten-
uated with the inclusion of other cell surface markers in
further analysis. Finally, a single blood sample was obtained
and serial samples could offer new interest data about its
utility to modify or de-escalate antibiotic treatment.

In conclusion, the present study has demonstrated that
the neutrophil and monocyte CD64 expression is higher in
bacterial infection and could be useful as precocious bio-
marker. The simplification and extension of availability of
this tool could improve the rational use of antibiotics.
Based on these findings, it seems of interest to continue
the study with other biomarkers and periodic determina-
tions, providing dynamic and reliable information about
the actual utility of the flow cytometry in these patients.
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