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Abstract
Background: Infection is a major cause of death in children, and it is particularly important to identify
biological indicators 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.

Methods: This prospective observational study enrolled 201 children who were admitted to our PICU and
divided them 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 �rst 24 h after
admission. Receiver operating characteristic (ROC) analyses were used to determine the sensitivity,
speci�city, and diagnostic value of the nCD64 index for infection.

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%, speci�city of 90.7%, accuracy
of 80.5%, and an optimal cut-off value of 0.14, which had better diagnostic value than CRP or PCT. For
children with postoperative fever, the nCD64 index can also distinguish SIRS from infection, with accuracy
of 79%.

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

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

For blood stream infections and sepsis, a blood culture 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 identi�cation. However, the results from
many tests may take 2 to 3 days or more. In addition, blood culture results may be affected by many
factors, including previous antibiotic 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 in�ammatory response syndrome (SIRS) as soon as possible,
biomarkers 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 surgery, trauma, and other stressors, and in those with non-infection-induced in�ammatory
responses[4, 5]. Thus, although these biomarkers are widely used in clinical practice, they are not ideal
biomarkers.
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Neutrophil CD64, a high a�nity 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 6 h, following the activation by
pro-in�ammatory 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 identi�cation 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 economic burden of children without infections. The
aim of our study was to evaluate the use of the nCD64 index for identi�cation 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 de�ciency; (ii) treatment with a granulocyte stimulating factor in the two weeks prior to
admission; (iii) suspected or con�rmed immune de�ciency; (iv) refusal to participate; and (v) no record of
the nCD64 index within the �rst 24 h after admission. A total of 201 children were included in statistical
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) count, CRP, and PCT were measured and different specimen types
(sputum, bronchoalveolar irrigation, blood, urine, and wounds) were collected for pathogen detection on the
�rst day of admission. The de�nition of site-speci�c infection was according to the “The International
Sepsis Forum Consensus Conference on De�nitions of Infection in the Intensive Care Unit”[12].

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



Page 4/18

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 distribution was normal. Categorical variables were presented as numbers and
percentages. The t-test, χ2 test, or Mann-Whitney U test was used for comparisons, as appropriate.

Receiver operating characteristic (ROC) curves were used to evaluate sensitivity, speci�city, and optimal
cutoff values of the different biomarkers. Then, a 2×2 contingency table was used to evaluate positive and
negative predictive value (PPV, NPV), positive and negative likelihood ratios (PLR, NLR), and odds ratios
(ORs) with 95% con�dence 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 signi�cant.

Results
A total of 364 children were admitted to the PICU during the 3-month study period, most of whom were
from the Pediatric General Ward and Pediatric Emergency Department (Figure 1). The main reasons for
PICU admission 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 prede�ned exclusion criteria. 

We included 201 children in the �nal statistical analysis, 93 children with infections and 103 without
infections (Table 1). Overall, the median age was 49 months, the median length of hospital stay was 15
days, and the median length of PICU stay was 2 days. 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 signi�cant difference in prognosis.
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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, 20) 67.5(36.25, 96.75)  <0.001

Sex

                Male 55 (59.1%) 73 (67.6%) 128 (63.7%) 0.214

                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/-
�ltration

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 (0.5, 30) 0.5 (0.5, 8) 2 (0.5, 12.5) <0.001

WBC (×109/L) 12.16 (8.89, 12.29 (8.25, 15.97) 12.16 (8.82, 0.0825
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15.4) 15.88)

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

Among the 93 children in the infection group, 46 had clinical con�rmation but no microbiological
con�rmation; pathogenic microorganisms were isolated from the body �uids of the other 47 infected
children (Figure 2). Among patients with microbiological con�rmation, 28 were infected by a single
bacterial species (22 Gram-negative, 6 Gram-positive), 4 had viral infections, 14 had mixed infections
(bacterial and fungal), and 1 had a Mycoplasma pneumoniae infection. Among all infected children, there
were 34 lower respiratory tract infections, 30 digestive tract infections, 20 central nervous system
infections, 4 bloodstream infections, and 5 skin soft tissue infections (Figure 3). 

Comparisons of the different biomarkers in the two groups (Table 1) indicated the infected group had a
signi�cantly greater median nCD64 index (0.18 vs. 0.09, p < 0.001), median CRP level (5 vs. 0.5 mg/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, Figure 4). For the nCD64 index, the optimal cutoff 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 signi�cantly 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%, speci�city of 90.7%, PPV of 0.86, NPV of 0.77, PLR of 0.34, and NLR of 0.34. Thus, the nCD64 index
had greater diagnostic value than CRP and PCT.

Postoperative fever is very common in clinical practice, 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 surgical 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 discharged. The children in the infection group had infections of the digestive
system (n = 19), lower respiratory tract (n = 11), central nervous system (n = 9), skin and soft tissue (n = 4),
and blood stream (n = 1), and Gram-positive bacteria were the main pathogens (n = 16; Figure 5). We also
recorded the etiology of the infections in the children with post-operative fevers (Figure 6). 

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 speci�city 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 signi�cantly greater than the
AUC values for CRP (0.641, p < 0.05) and PCT (0.649, p < 0.05).

Table 2. Performance of CRP, PCT, and nCD64 index for diagnosis of infection (n = 201).
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Biomarker Cut-
off 

Sensitivity Speci�city  PPV NPV PLR NLR Accuracy AUC
(95%CI)

CRP 30
mg/L

 

76.7%

 

59.7%

 

0.77

 

0.59

 

1.9

 

0.39

 

61.6%

 

0.661
(0.585-
0.736)

PCT 0.5
ng/mL

30% 90.7% 0.72 0.6 3.32 0.7 62.1%  

0.677
(0.603-
0.752)

nCD64
index

0.14 68.8% 90.7% 0.86 0.77 7.4 0.34 80.5%  

0.811
(0.748-
0.873)

 

Table 3. Baseline characteristics patients who had post-surgical fever. 

Data are indicated as n (%) or median (IQR)
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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/-�ltration 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

II 23 (52.4%) 13 (15.0%) 36 (27.5%)

III 0 (0%) 1 (1.1%) 1 (1.1%)

ICU length of stay, days 3 (1, 5) 1(1,2) 2 (1,3) 0.001

Hospital length of stay, days 21 (14.5, 38.5) 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/l 2(0.5, 33.25) 0.5 (0.5, 4.0) 0.5 (0.5, 10) 0.004

 WBC (×109/L) 13.58 (9.59,
17.15)

12.87 (9.7, 17.46) 12.9 (9.7,
17.3) 

0.845

*Some children did not receive surgical treatment, so the sum of surgeries is not equal to the total number. 
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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 Speci�city  PPV NPV PLR NLR Accuracy AUC
(95%CI)

CRP 30
mg/L

27% 93% 0.67 0.72 3.8 0.78 71%  

0.641
(0.537-
0.744)

PCT 0.5
ng/mL

25% 98% 0.85 0.72 12.5 0.77 73%  

0.649
(0.546-
0.752)

nCD64
index

0.14 56% 90% 0.73 0.81 5.6 0.49 79%  

0.722
(0.621-
0.823)

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 con�rmed that the nCD64 index effectively
distinguished children with and without infections, and also had better diagnostic performance than PCT
and CRP. To reduce the in�uence of stress, surgery, and other factors on these biomarkers, we included
children in postoperative care, children admitted to the PICU because of emergency, and children
transferred to the PICU from the general ward. Thus, our results provide real-world evidence that the nCD64
index can distinguish infected and non-infected children who were admitted to the PICU.

We found that the nCD64 index had a sensitivity of 68.8%, speci�city 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[13]. 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 6 h of hospital admission and after 48 h of hospitalization. They
found that the nCD64 index differentiated sepsis from SIRS with an accuracy of 82.1%[14]. 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].
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We also performed an analysis of postoperative children who had fevers prior to PICU admission.
Postoperative 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 López et al. reported similar results[15]. They showed that the nCD64 index was a reliable
biomarker for infection in patients with postoperative fever, with a sensitivity of 56% and a speci�city of
90%. Other research that compared different infection indexes, such as PCT and CRP, also found that the
nCD64 index is a reliable marker of postoperative infection[16].

A previous study suggested that the nCD64 level reliably distinguished bacterial infection from viral
infection. 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 (p < 0.0001); within the infection group, nCD64
expression was higher in the group with bacterial infection than viral infection (p < 0.0001)[17]. 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 speci�c indicators,
such as nCD64, nCD64 index, and CD64 mean �uorescence intensity (MFI)[18]. Measurements of nCD64
MFI can have signi�cant variability, making it di�cult to compare the results from different detection
instruments and laboratories[19]. The nCD64 index and the nCD64 MFI can be used as biomarkers to
distinguish SIRS from sepsis in critically ill children, but the nCD64 index appears to be superior to other
biomarkers[19]. We therefore focused on the nCD64 index in this study.

Our results are consistent with the results of a study of PICU patients by García-Salido et al.[20], who
measured nCD64 MFI as a diagnostic indicator of infection. Similarly, 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
speci�city of 93% and a cutoff of 43%[21].

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 were therefore also different. In particular,
Thiriet et al. used the nCD64 index to diagnose sepsis and their cut-off value was 0.48[18], Dal Ponte et al.
used the nCD64 index to diagnose sepsis and their cut-off value was 1.45[14], 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[22, 23].

Conclusions
Although the nCD64 index is a useful biomarker for distinguishing SIRS from infection, many issues must
be resolved before it can be adopted in clinical practice, such as the best detection method, use of the
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nCD64 index or nCD64 MFI, and the optimal cut-off value. These issues should be addressed in future
research.
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nCD64: neutrophil CD64; CRP:C-reactive protein; PCT: procalcitonin; ROC: Receiver operating characteristic;
SIRS: systemic in�ammatory response syndrome; 

IL-6: interleukin-6; PPV: positive predictive value; NPV: negative predictive value; PLR: positive likelihood
ratios; NLR: negative likelihood ratios; ORs: odds ratios; CIs: con�dence intervals.

Declarations
Ethics approval and consent to participate:

Ethical approval was provided by the Xinhua Hospital A�liate, Shanghai Jiao Tong University School of
Medicine (XHEC-C-2022-028-1). The written informed consent was obtained from a parent or guardian for
all participants.

Consent for publication: Not applicable

Availability of data and materials: 

The datasets generated during and analyzed during the current study are not publicly available now
because the follow-up observation test is still in progress; but are available from the corresponding author
or �rst author on reasonable request.

Competing interests: The authors declare that they have no competing interests.

Funding: This work was supported by the clinical trial center of Xinhua Hospital a�liated to Shanghai Jiao
tong University School of Medicine (19XHCR03A). The clinical trial center provided funding, supports, and
reviewed research proposals. 

Authors' contributions: 

LL C, program design, implementation, data collection and analysis, writing manuscript; WW W, specimen
collection and analysis; L Z, specimen collection, storage and sample preprocessing; JR L, case admission,
specimen collection, data collection; XM K, case admission, specimen collection, data collection; YN Z, data
acquisition, quality control. XD Z: proposal methodology, quality control, review and editing the manuscript.
All authors have read and agreed to the published version of the manuscript. 

Acknowledgements: We sincerely thank the children and their parents who participated in this study. We are
very grateful to the Clinical Research Center of  of Xinhua Hospital for their efforts in this study. 

Authors' information:



Page 12/18

1: Department of Pediatric Intensive Care Unit, Xinhua Hospital a�liated to Shanghai Jiaotong University
School of Medicine; No. 1665, Kong Jiang Road, Shanghai, China

2: Department of Clinical Laboratory, Xinhua Hospital a�liated to Shanghai Jiaotong University School of
Medicine; No. 1665, Kong Jiang Road, Shanghai, China

3: MOE-Shanghai Key Laboratory of Children’s Environmental Health, Xinhua Hospital a�liated to
Shanghai Jiaotong University School of Medicine; No. 1665, Kong Jiang Road, Shanghai, China

References
1. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al. Global, regional, and

national sepsis incidence and mortality, 1990–2017: analysis for the Global Burden of Disease Study.
Lancet (London England). 2020;395(10219):200–11. doi:10.1016/s0140-6736(19)32989-7.

2. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. The Third
International Consensus De�nitions for Sepsis and Septic Shock (Sepsis-3). Jama. 2016;315(8):801–
10. doi:10.1001/jama.2016.0287.

3. Gu W, Miller S, Chiu CY. Clinical Metagenomic Next-Generation Sequencing for Pathogen Detection.
Annu Rev Pathol. 2019;14:319–38. doi:10.1146/annurev-pathmechdis-012418-012751.

4. Grondman I, Pirvu A, Riza A, Ioana M, Netea MG. Biomarkers of in�ammation and the etiology of
sepsis. Biochem Soc Trans. 2020;48(1):1–14. doi:10.1042/bst20190029.

5. Opal SM, Wittebole X. Biomarkers of Infection and Sepsis. Crit Care Clin. 2020;36(1):11–22.
doi:10.1016/j.ccc.2019.08.002.

�. Hoffmann JJ. Neutrophil CD64 as a sepsis biomarker. Biochemia Med. 2011;21(3):282–90.
doi:10.11613/bm.2011.038.

7. Fontela PS, O'Donnell S, Papenburg J. Can biomarkers improve the rational use of antibiotics? Current
opinion in infectious diseases. 2018; 31(4):347–352. doi:10.1097/qco.0000000000000467.

�. Cong S, Ma T, Di X, Tian C, Zhao M, Wang K. Diagnostic value of neutrophil CD64, procalcitonin, and
interleukin-6 in sepsis: a meta-analysis. BMC Infect Dis. 2021;21(1):384. doi:10.1186/s12879-021-
06064-0.

9. Cui W, Xu Y, Fang H, Tong W, Zhu L, Jin D, et al. Assessment of continuous neutrophil CD64 index
measurement for diagnosing sepsis and predicting outcome in a Chinese pediatric intensive care unit:
a prospective study. Translational Pediatr. 2021;10(6):1668–76. doi:10.21037/tp-21-63.

10. Dimoula A, Pradier O, Kassengera Z, Dalcomune D, Turkan H, Vincent JL. Serial determinations of
neutrophil CD64 expression for the diagnosis and monitoring of sepsis in critically ill patients. Clin
Infect diseases: o�cial publication Infect Dis Soc Am. 2014;58(6):820–9. doi:10.1093/cid/cit936.

11. Farias MG, de Lucena NP, Dal Bó S, de Castro SM. Neutrophil CD64 expression as an important
diagnostic marker of infection and sepsis in hospital patients. J Immunol Methods. 2014;414:65–8.
doi:10.1016/j.jim.2014.07.011.



Page 13/18

12. Calandra T, Cohen J: The international sepsis forum consensus conference on de�nitions of infection
in the intensive care unit. Critical care medicine. 2005; 33(7):1538–1548.
doi:10.1097/01.ccm.0000168253.91200.83.

13. Fjaertoft G, Håkansson LD, Pauksens K, Sisask G, Venge P. Neutrophil CD64 (FcgammaRI) expression
is a speci�c marker of bacterial infection: a study on the kinetics and the impact of major surgery.
Scand J Infect Dis. 2007;39(6–7):525–35. doi:10.1080/00365540601113693.

14. Dal Ponte ST, Alegretti AP, Pilger DA, Rezende GP, Andrioli G, Ludwig HC, et al. Diagnostic Accuracy of
CD64 for Sepsis in Emergency Department. J global Infect Dis. 2018;10(2):42–6.
doi:10.4103/jgid.jgid_130_16.

15. Vicente López N, Forés Cachón R, Iranzo Valero R, Lerma Verdejo A, Múñez Rubio E, Royuela Vicente A,
et al: [CD64 index as a marker of infection in patients with postoperative fever]. Revista espanola de
quimioterapia: publicacion o�cial de la Sociedad Espanola de Quimioterapia.2018; 31(6):pp. 493–8.

1�. Jukic T, Ihan A, Stubljar D. Dynamics of in�ammation biomarkers C-reactive protein, leukocytes,
neutrophils, and CD64 on neutrophils before and after major surgical procedures to recognize potential
postoperative infection. Scand J Clin Lab Investig. 2015;75(6):500–7.
doi:10.3109/00365513.2015.1057759.

17. Rudensky B, Sirota G, Erlichman M, Yinnon AM, Schlesinger Y. Neutrophil CD64 expression as a
diagnostic marker of bacterial infection in febrile children presenting to a hospital emergency
department. Pediatr Emerg Care. 2008;24(11):745–8. doi:10.1097/PEC.0b013e31818c2679.

1�. Thiriet C, Mahjoub K, Courte G, Labroca P, Cravoisy A, Lemarie J, et al. Automated measurement of
neutrophil CD64 expression for diagnosing sepsis in critically ill patients. Minerva Anestesiol.
2019;85(9):943–50. doi:10.23736/s0375-9393.19.13420-7.

19. Groselj-Grenc M, Ihan A, Derganc M: Neutrophil and monocyte CD64 and CD163 expression in critically
ill neonates and children with sepsis: comparison of �uorescence intensities and calculated indexes.
Mediators of in�ammation. 2008; 2008:202646. doi:10.1155/2008/202646.

20. García-Salido A, de Azagra-Garde AM, García-Teresa MA, Caro-Patón GL, Iglesias-Bouzas M, Nieto-
Moro M, et al. Accuracy of CD64 expression on neutrophils and monocytes in bacterial infection
diagnosis at pediatric intensive care admission. Eur J Clin Microbiol Infect diseases: o�cial
publication Eur Soc Clin Microbiol. 2019;38(6):1079–85. doi:10.1007/s10096-019-03497-z.

21. Hashem HE, El Masry SA, Mokhtar AM, Ismail EA, Abdelaal NM: Valuable Role of Neutrophil CD64 and
Highly Sensitive CRP Biomarkers for Diagnostic, Monitoring, and Prognostic Evaluations of Sepsis
Patients in Neonatal ICUs. BioMed research international. 2020; 2020:6214363.
doi:10.1155/2020/6214363.

22. Fang DH, Fan CH, Li J, An Q, Yao H, Ji Q, et al. Ratios of CD64 expressed on neutrophils, monocytes,
and lymphocytes may be a novel method for diagnosis of neonatal sepsis. J Infect developing Ctries.
2015;9(2):175–81. doi:10.3855/jidc.4992.

23. Chen NY, Fang DH, Wen C, Deng LH, Liu Y, Chai XM. The application of CD64 index in children’s
respiratory infectious diseases. Int J Lab Med. 2018;39(18):2272–5. doi:10.3969/j.issn.1673-
4130.2018.18.019.



Page 14/18

Figures

Figure 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), or enrolled in the non-infection group (n=108). 
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Figure 2

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

Figure 3

Anatomical sites of infections (n = 93). 
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Figure 4

ROC curves for diagnosis of infection based on CRP, PCT, and nCD64 index (n = 201). 
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Figure 5

Sites of infections in patients who had post-surgical fever (n = 44).
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Figure 6

Etiology of infections in patients who had post-surgical fever (n = 44). 


