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Abstract

Background: Infection is a major cause of death in children, and it is particularly important to identify biological indi-
cators of early infection. Previous studies showed that the neutrophil CD64 (nCD64) index may be a useful biomarker
for infection. The purpose of this study was to investigate use of the nCD64 index to identify infection in children from

a pediatric ICU (PICU) in China.

index for infection.
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Methods: This prospective observational study enrolled 201 children who were admitted to our PICU and were
divided into an infection group and a non-infection group. In each patient, C-reactive protein (CRP), nCD64 index,
procalcitonin (PCT), and white blood cell count were measured during the first 24 h after admission. Receiver operat-
ing characteristic (ROC) analyses were used to determine the sensitivity, specificity, and diagnostic value of the nCD64

Results: Among all 201 children, the infection group had greater levels of CRP, nCD64 index, and PCT (all p <0.05).
ROC analysis indicated the nCD64 index had a sensitivity of 68.8%, specificity of 90.7%, accuracy of 80.5%, and an opti-
mal cut-off value of 0.14, which had better diagnostic value than CRP or PCT. For children with postoperative fever,
the nCD64 index also distinguished systemic inflammatory response syndrome (SIRS) from infection with accuracy of

Conclusions: The nCD64 index is a useful biomarker for the diagnosis of early infection in children admitted to the

Keywords: Neutrophil CD64 index (nCD64 index), C-reactive protein (CRP), Procalcitonin (PCT), Sepsis, Pediatric

Background

Sepsis, severe sepsis, and septic shock are major causes
of death in children [1], especially in undeveloped coun-
tries. Although the International Consensus Definitions
for sepsis and sepsis shock have changed from 1991
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(Sepsis-1) to 2016 (Sepsis-3) [2], early diagnosis and anti-
biotic administration remain the most effective measures
to improve prognosis.

For blood stream infections and sepsis, a blood cul-
ture is the gold standard for determining the etiology.
Enzyme-linked immunosorbent assay, polymerase chain
reaction, metagenomic next-generation sequencing, and
other methods may also be used for pathogen identifica-
tion. However, the results from many tests may take 2 to
3days or more. In addition, blood culture results may be
affected by many factors, including previous antibiotic
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use, sampling time, and contamination [3]. Because of
these limitations, blood culture for pathogen detection
has only limited clinical usefulness.

To distinguish an infection from systemic inflammatory
response syndrome (SIRS) as soon as possible, biomark-
ers including procalcitonin (PCT), C-reactive protein
(CRP), and interleukin-6 (IL-6), may be used. However,
the levels of these biomarkers may also be increased in
patients with non-infectious conditions, such as sur-
gery, trauma, and other stressors, and in those with non-
infection-induced inflammatory responses [4, 5]. Thus,
although these biomarkers are widely used in clinical
practice, they are not ideal biomarkers.

Neutrophil CD64, a high affinity receptor for the Fc
segment of immunoglobulin G, is mainly expressed
on the plasma membranes of antigen presenting cells,
such as macrophages and monocytes. The expression
of CD64 is very low when neutrophils are in a resting
state. However, invasion by pathogenic microorganisms
can increase CD64 expression by up to 10-fold after 4
to 6h, following the activation by pro-inflammatory
factors [6, 7].

Previous studies suggested that the neutrophil CD64
(nCD64) index may be a sensitive biomarker that can
distinguish patients with and without infection [8-11].
Prompt and accurate identification of children with
infections can allow appropriate early treatment and
improve the prognoses of those with infections, and
reduce unnecessary antibiotic use and the social and eco-
nomic burden of children without infections. The aim
of our study was to evaluate the use of the nCD64 index
for identification of children in the pediatric ICU (PICU)
with and without infection.

Methods

Study population

This is a prospective observational study. All children
who were 1.3 to 164.2 months-old and admitted to the
PICU of our hospital from 1 April to 30 June 2021 were
initially examined. When a child was hospitalized two or
more times, each hospitalization was recorded separately.
The exclusion criteria were: (i) neutrophilic deficiency;
(ii) treatment with a granulocyte stimulating factor in the
2 weeks prior to admission; (iii) suspected or confirmed
immune deficiency; (iv) refusal to participate; and (v)
no record of the nCD64 index within the first 24 h after
admission. A total of 201 children were included in statis-
tical analysis. The clinical treatments of the children were
not affected during the study period.

Collection of clinical data
Demographic and clinical data were collected throughout
each patient’s stay in the PICU. White blood cell (WBC)
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count, CRP, and PCT were measured and different speci-
men types (sputum, bronchoalveolar irrigation, blood,
urine, and wounds) were collected for pathogen detec-
tion on the first day of admission.

Determination of infection

Children in the infection group were classified as having
pneumonia, skin and soft-tissue infection, bloodstream
infection, digestive system infection, or central nervous
system infection. Bloodstream infection was consid-
ered to have an unknown origin in children who had no
identifiable focus of infection. Digestive system infection
includes secondary peritonitis, pancreatitis, and biliary
tract infection. Skin and soft-tissue infection includes
surgical site infections and necrotizing cellulitis. The
diagnostic criteria these different types of infection were
from “The International Sepsis Forum Consensus Con-
ference on Definitions of Infection in the Intensive Care
Unit” [12].

Central nervous system infection includes bacterial
meningitis and viral encephalitis. Briefly, for viral enceph-
alitis, the diagnostic criteria were persistent mental sta-
tus changes lasting at least 24h (e.g., mental behavior
abnormalities, decreased level of consciousness, person-
ality changes); exclusion of encephalopathy from other
causes; and 3 of the following 6 criteria: (i) fever (>38°C)
within 72h before or after presentation; (ii) seizures are
not entirely attributable to pre-existing epilepsy; (iii) new
focal neurological findings; (iv) white blood cell count in
cerebrospinal fluid of at least 5/uL; (v) neurological imag-
ing results suggesting new abnormalities; and (vi) EEG
abnormalities consistent with encephalitis [13]. Acute
viral encephalitis was defined by the presence of a posi-
tive virus-specific IgM antibody or a positive polymerase
chain reaction test. Bacterial meningitis was defined by:
(i) fever (>38.5°C rectal or>38.0°C axillary); (i) head-
ache, meningeal irritation, or altered consciousness; (iii)
cerebrospinal fluid (CSF) examination showing severe
leukocytosis (>100 x 10° cells/L) or moderate leuko-
cytosis (10-100 x 10° cells/L) with an elevated protein
(>100mg/dL) or a decreased glucose (<40mg/dL); (iv)
one of three additional criteria (positive CSF culture,
positive Gram stain, or positive bacterial antigen in the
CSF). A child with the first three criteria was considered
to have probable bacterial meningitis; a child with all four
criteria was considered to have confirmed bacterial men-
ingitis [14].

Analysis of nCD64 by flow cytometry

Peripheral venous blood was extracted to determine
neutrophil CD64 expression by flow cytometry (BD
FACSCanto II, BD, USA). Briefly, 50uL of peripheral
blood was mixed with 20 uL. CD45-PerCP and CD64-PE
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monoclonal fluorescent antibody (BD, USA), followed by
gentle vortexing and incubation in the dark for 15min.
Then FACSLysin (1 mL) was added, followed by mixing,
and incubation at room temperature away from direct
light for 10min. Then, the cells were washed twice with
2mL of PBS buffer, suspended in 450 uL of PBS buffer,
and examined using flow cytometry. The mean fluores-
cence intensity of lymphocytes, monocytes, and neu-
trophils was measured. Based on these fluorescence
measurements, the nCD64 index was calculated as: (neu-
trophils — lymphocytes) / (monocytes — neutrophils).

Statistical analysis
SPSS version 22.0 (IBM) was used for statistical analysis.
Continuous variables were expressed as medians with
lower and upper quartiles if the distribution of data was
skewed and as means =+ standard deviations if the distri-
bution was normal. Categorical variables were presented
as numbers and percentages. The ¢-test, x° test, or Mann-
Whitney U test was used for comparisons, as appropriate.
Receiver operating characteristic (ROC) curves were
used to evaluate sensitivity, specificity, and optimal cut-
off values of the different biomarkers. Then, a 2 x 2 con-
tingency table was used to evaluate positive and negative
predictive value (PPV, NPV), positive and negative likeli-
hood ratios (PLR, NLR), and odds ratios (ORs) with 95%
confidence intervals (CIs). Youden’s index was used to
identify the optimal cut-off points in the ROC analyses. A
two-tailed p value below 0.05 was considered statistically
significant.

Results

A total of 364 children were admitted to the PICU dur-
ing the 3-month study period, most of whom were from
the Pediatric General Ward and Pediatric Emergency
Department (Fig. 1). The main reasons for PICU admis-
sion were postoperative care and disease progression
(deterioration of physical status). Thirty-two of these
patients were excluded because they were neonates, and
131 others were excluded based on the predefined exclu-
sion criteria.

We included 201 children in the final statistical analy-
sis, 93 children with infections and 108 without infec-
tions (Table 1). Overall, the median age was 49 months,
the median length of hospital stay was 15days, and the
median length of PICU stay was 2days. The infection
group was younger, had longer hospital and ICU stays,
and was more likely to receive ventilator therapy (all
p<0.05), but the two groups had no significant difference
in prognosis.

Among the 93 children in the infection group, patho-
genic microorganisms were isolated from the body fluids
of the other 47 infected children (Fig. 2). Among patients
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with microbiological confirmation, 28 were infected by a
single bacterial species (22 Gram-positive, 6 Gram-nega-
tive), 4 had viral infections, 14 had mixed infections (bac-
terial and fungal), and 1 had a Mycoplasma pneumoniae
infection. Among all infected children, 34 had pneumo-
nia, 30 had digestive tract infections (secondary perito-
nitis: n=26; pancreatitis: n=2; biliary tract infection:
n=2), 20 had central nervous system infections (viral
encephalitis: #=1; bacterial meningitis: n=19), 4 had
bloodstream infections, and 5 had skin soft tissue infec-
tions (surgical site infection: #=4; necrotizing cellulitis:
n=1) (Fig. 3).

Among children infected with bacteria alone, the iso-
lated pathogens were: Staphylococcus aureus (n=15),
Enterococcus  faecalis (n=1), Enterococcus faecium
(n=1), Streptococcus pneumoniae (n=2), Staphylococ-
cus hominis (n=1), Clostridium difficile (n=1), Actino-
mycetes caries (n=1), Klebsiella pneumoniae (n=3),
Klebsiella acidophilus (n=1), Escherichia coli (n=1), and
Haemophilus influenzae (n=1). The Epstein-Barr virus
(n=2), cytomegalovirus (n=1), and adenovirus (n=1)
were present in the virus infected group. All fungi in the
mixed-infection group were Candida albicans (n=14).

Comparisons of the different biomarkers in the two
groups (Table 1) indicated the infected group had a sig-
nificantly greater median nCD64 index (0.18 vs. 0.09,
»<0.001), median CRP level (5 vs. 0.5mg/L, p<0.001),
and median PCT level (0.19 vs. 0.08 ng/mL, p<0.001).
However, the two groups had similar levels of WBCs.
We then performed ROC analysis to compare the
value of three biomarkers for the diagnosis of infection
(Table 2, Fig. 4). For the nCD64 index, the optimal cut-
off was 0.14 and the area under the curve (AUC) was
0.811. Pair-wise analysis using Z-test indicated the AUC
of CD64 was significantly greater than the AUC values
for CRP (0.661, p<0.05) and PCT (0.677, p<0.05). The
nCD64 index had a sensitivity of 68.8%, specificity of
90.7%, PPV of 0.86, NPV of 0.77, PLR of 7.4, and NLR
of 0.34. Thus, the nCD64 index had greater diagnostic
value than CRP and PCT.

Postoperative fever is very common in clinical prac-
tice, so we analyzed the diagnostic ability of these same
biomarkers in the 131 children (87 in the non-infection
group, 44 in the infection group) who had postoperative
fevers (Table 3). Compared with the non-infection group,
the infection group was younger; more likely to receive
general surgery, mechanical ventilation, and type II sur-
gical incision; had longer hospital and ICU stays; and
had higher levels of the nCD64 index, CRP, and PCT (all
p<0.05). All of these children improved and were dis-
charged. Among the children in the infection group, 19
had digestive system infections (secondary peritonitis:
n=18; biliary tract infection: #=1), 11 had pneumonisa,
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Fig. 1 Disposition of patients who were admitted to the PICU (n =364) and were then excluded (n=163), enrolled in the infection group (n=93),

9 had central nervous system infections (bacterial menin-
gitis, n=9), 4 had skin and soft tissue infections (surgical
site infection, #=4), and 1 case had a blood stream infec-
tion. Gram-positive bacteria were the main pathogens
(n=16; Supplementary Fig. 1). We also recorded the eti-
ology of the infections in the children with post-operative
fevers (Supplementary Fig. 2).

We then performed ROC analysis to compare the value
of these three biomarkers for the diagnosis of infection
in children who had post-operative fevers (Table 4). The
results indicated the nCD64 index had a sensitivity of
56%, a specificity of 90%, PPV of 0.73, NPV of 0.81, PLR
of 5.6, and NLR of 0.49. Pair-wise analysis using the Z

test indicated the AUC for the nCD64 index (0.722) was
significantly greater than the AUC values for CRP (0.641,
»<0.05) and PCT (0.649, p <0.05).

Discussion

The purpose of this prospective study was to investigate
use of the nCD64 index as a biomarker for infection in
children admitted to the PICU. Our results confirmed
that the nCD64 index effectively distinguished children
with and without infections, and also had better diag-
nostic performance than PCT and CRP. To reduce the
influence of stress, surgery, and other factors on these
biomarkers, we included children in postoperative care,
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Table 1 Baseline characteristics of patients in the two groups at PICU admission

Variable Infection Group Non-infection Group All p value
n=93 n=108 N =201
Age, months 20(6, 58) 67.5(36.25,96.75) 49(14, 86) <0.001
Sex
Male 55 (59.1%) 73 (67.6%) 128 (63.7%) 0214
Female 38(40.9%) 35 (32.4%) 73 (36.3%)
Reason for admission
Disease progression 51 (54.8%) 32 (29.6%) 83 (41.3%) <0.001
Postoperative care 42 (45.2%) 76 (71.4%) 118 (58.7%)
Source
Pediatric ward 16 (17.2%) 1 (0.9%) 17 (8.4%) <0.001
Pediatric surgical ward 44 (47.3%) 87 (80.6%) 131 (65.2%)
Pediatric emergency 31(33.3%) 17 (15.7%) 48 (23.9%)
Others 2(2.2%) 3(2.8%) 5(2.5%)
Treatment at PICU
Mechanical ventilation 31(33.3%) 8 (7.4%) 39 (19.4%) <0.001
Hemodialysis/—filtration 6 (6.5%) 5 (4.6%) 11 (5.5%) 0.571
Outcome
Survival 90 (96.8%) 107 (99.1%) 197 (98.1%) 0.244
Death 3(3.2%) 1(0.9%) 4 (1.9%)
ICU length of stay, days 4(1,9.5) 2(1,3) 2(1,4) <0.001
Hospital length of stay, days 20(13,38) 14(9,19) 15(11, 26) <0.001
nCD64 index 0.18(0.12,0.27) 0.09 (0.06,0.12) 0.11(0.07,0.19) <0.001
PCT, ng/mL 0.19 (0.09,0.83) 0.08 (0.04,0.22) 0.13(0.05,0.31) <0.001
CRP, mg/L 5(05,30) 0.5 (0.5, 8) 2(05,125) <0.001
WBC (x 10%/L) 12.16 (8.89,15.4) 12.29 (8.25,15.97) 12.16 (8.82,15.88) 0.0825

Data are indicated as n (%) or median (IQR)

n G+ n G-

*bacterial +bacteriaand fungi - virus - mycoplasma pneumoniae  + infection without microbiologically confirmed

Fig. 2 Etiology of infections (left, n=93) and number of Gram-positive and Gram-negative bacterial infections (right, n=28)

children admitted to the PICU because of emergency, that the nCD64 index can distinguish infected and non-
and children transferred to the PICU from the general infected children who were admitted to the PICU.
ward. Thus, our results provide real-world evidence
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skin and soft tissue(5) 1 @

Fig. 3 Anatomical sites of infections (n =93)

" pneumonia = digestive system = central nervous system

bloodstream infection

skin and soft tissue = bloodstream infection

We found that the nCD64 index had a sensitivity of
68.8%, specificity of 90.7%, and accuracy of 80.5% for the
diagnosis of infection at PICU admission. This suggests
that the nCD64 index is a useful biomarker of infection
in these pediatric patients. Our results were similar to
a previous 2007 study [15]. Dal Ponte et al. studied 12
patients with SIRS, 45 with sepsis, and 52 with suspected
sepsis, and measured the nCD64 index and other sepsis
biomarkers within 6h of hospital admission and after

48h of hospitalization. They found that the nCD64 index
differentiated sepsis from SIRS with an accuracy of 82.1%
[16]. A meta-analysis concluded that the nCD64 index
had better diagnostic value for sepsis than PCT and IL-6
[8]. A 2021 prospective cohort study of a PICU in China
that examined 335 children suggested that nCD64 index
was valuable for the early diagnosis of sepsis and reliably
predicted the prognosis of children with sepsis [9].

ROC curve

sensitive

——nCD64 index
—PCT

CRP
—reference line

00 T T
00 02 04

06 0.8 1.0
1 - specificity
Fig. 4 ROC curves for diagnosis of infection based on CRP, PCT, and nCD64 index (n=201)
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Table 2 Performance of CRP, PCT, and nCD64 index for diagnosis of infection (n=201)
Biomarker Cut-off Sensitivity Specificity PPV NPV PLR NLR Accuracy AUC (95%Cl)
CRP 30mg/L 59.7% 0.77 0.59 19 0.39 61.6% 0.661 (0.585-0.736)
PCT 0.5ng/mL 90.7% 0.72 0.6 332 0.7 62.1% 0.677 (0.603-0.752)
nCDé4 index 0.14 90.7% 0.86 0.77 74 0.34 80.5% 0.811 (0.748-0.873)
Table 3 Baseline characteristics patients who had post-surgical fever
Variable Infection Group Non-infection Group All p
n=44 n=87 N=131
Age, months 22.5(6.5,63) 66 (34, 97) 16 (13, 24) <0.001
Sex
Male 24 (54.5%) 56 (64.4%) 80 (61.1%) 0.343
Female 20 (45.5%) 31 (35.6%) 51 (38.9%)
Source
General surgery 28 (63.7%) 31 (35.6%) 59 (45.0%) 0.001
Neurosurgery 15 (34.1%) 49 (56.3%) 64 (48.9%)
Orthopaedic surgery 1(2.2%) 3(3.5%) 4(3.1%)
Urological surgery 0 (0%) 4 (4.6%) 4 (3.1%)
Treatment at PICU admission
Mechanical ventilation
Yes 11 (25.0%) 3(3.4%) 14 (10.7%) <0.001
No 33 (75.0%) 84 (96.6%) 117 (89.3%)
Hemodialysis/—filtration
Yes 0 (0%) 1(1.1%) 1(0.8%) 0.664
No 44 (100%) 86 (98.9%) 130 (98.2%)
Type of surgical incision®
I 17 (38.6%) 65 (74.7%) 82 (62.6%) <0.001
Il 23 (52.4%) 13 (15.0%) 36 (27.5%)
Il 0 (0%) 1(1.1%) 1(1.1%)
ICU length of stay, days 3(1,5) 101,2) 2(1,3) 0.001
Hospital length of stay, days 21(14.5,385) 14 (11,20) 16 (13, 24) <0.001
CD64 index 0.15 (0.08,0.23) 0.09 (0.06,0.12) 0.11(0.06, 0.15) <0.001
PCT, ng/ml 0.17(0.06, 0.55) 0.08 (0.04,0.2) 0.09 (0.04,0.23) 0.005
CRP, mg/I 2(0.5,33.25) 0.5(0.5,4.0) 0.5(0.5,10) 0.004
WBC (x 10%/L) 13.58(9.59,17.15) 12.87 (9.7, 17.46) 129(9.7,17.3) 0.845

Data are indicated as n (%) or median (IQR)

@ Some children did not receive surgical treatment, so the sum of surgeries is not equal to the total number

Table 4 Performance of CRP, PCT, and nCD64 index for diagnosis of infection in patients who had post-surgical fever (n=134)

Biomarker Cut-off Sensitivity Specificity PPV NPV PLR NLR Accuracy AUC (95%Cl)

CRP 30mg/L 93% 0.67 0.72 3.8 0.78 71% 0.641 (0.537-0.744)
PCT 0.5ng/mL 98% 0.85 0.72 12.5 0.77 73% 0.649 (0.546-0.752)
nCDé4 index 0.14 90% 0.73 0.81 56 049 79% 0.722 (0.621-0.823)
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We also performed an analysis of postoperative chil-
dren who had fevers prior to PICU admission. Postop-
erative fever is common in children, and it is important
to determine whether this fever is caused by surgical
stress or infection. Our subgroup analysis suggested
that the nCD64 index reliably distinguished infected and
non-infected children in this subgroup of postoperative
children with fevers. A clinical trial by Vicente Lopez
et al. reported similar results [17]. They showed that
the nCD64 index was a reliable biomarker for infection
in patients with postoperative fever, with a sensitivity of
56% and a specificity of 90%. Other research that com-
pared different infection indexes, such as PCT and CRP,
also found that the nCD64 index was a reliable marker of
postoperative infection [18].

A previous study suggested that the nCD64 level reli-
ably distinguished bacterial infection from viral infec-
tion. In particular, for children admitted to an emergency
department with fever, the nCD64 level was higher in an
infection group than in a non-infection group; within
the infection group, nCD64 expression was higher in the
group with bacterial infection than viral infection [19].
The children in our infection group included those who
were infected with bacteria, viruses, mycoplasma, and
fungi. Due to the small number of our children infected
with viruses alone (n=4), we could not meaningfully
analyze use of the nCD64 index to distinguish bacterial
and viral infections.

Many recent studies examined use of CD64 as a
marker of infection. The results suggest that CD64 has
advantages in the diagnosis of infection, but these many
studies have used different specific indicators, such as
nCD64, nCD64 index, and CD64 mean fluorescence
intensity (MFI) [20]. Similar to the nCD64 and CD64
MF]I, the CD64 considers the expression of CD64. How-
ever, the nCD64 index is less affected by exogenous
factors (such as instrumental fluctuations) and subjec-
tive factors. In addition, although nCD64 index and the
nCD64 MFI can be used as biomarkers to distinguish
SIRS from sepsis in critically ill children, the nCD64
index appears to be superior to these other biomarkers
in clinical diagnosis [21]. We therefore focused on the
nCD64 index in this study.

Our results are consistent with the results of a study of
PICU patients by Garcia-Salido et al. [22]. who measured
nCD64 MFI as a diagnostic indicator of infection. Simi-
larly, an investigation conducted in a NICU showed that
the nCD64 MFI provided a reliable diagnosis of neonatal
sepsis, with a sensitivity of 85.6%, a specificity of 93% and
a cutoff of 43% [23].

Although previous studies have established that nCD64
is a rapid and simple biomarker of infection, they have
used different evaluation methods, and the cutoff values
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were therefore also different. In particular, Thiriet C et al.
used the nCD64 index to diagnose sepsis and their cut-
off value was 0.48 [20], Dal Ponte et al. used the nCD64
index to diagnose sepsis and their cut-off value was 1.45
[16], and we used the nCD64 index to identify infection
in the PICU and our cut-off value was 0.14. Notably, our
cut-off value of 0.14 is very similar to that reported in two
previous studies [24, 25].

Our ROC analysis confirmed the nCD64 index provided
reliable prediction of infection and also distinguished
SIRS from infection in children with postoperative fever.
However, our study was limited in that it was an observa-
tional study conducted at a single center in China. Thus,
the value of the nCD64 index as a biomarker for the diag-
nosis of early infection in children admitted to the PICU
needs to be confirmed in different populations and in
multi-center studies. There are several additional topics
that should also be addressed in further studies, such as
the methods for measurement of the nCD64 index, use of
the nCD64 index rather than nCD64 MF], and the optimal
cut-off value for the nCD64 index.

Conclusion

The major findings of this prospective observational
study of 201 children who were admitted to our PICU
were that the nCD64 index at admission can be used to
identify early childhood infection, and it provided greater
diagnostic value than CRP or PCT.
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