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A B S T R A C T   

the study drew attention to the application of ZigBee wireless sensor network system based on digital filter 
mathematical model in the post-chemotherapy monitoring of hematological tumor patients, and the diagnostic 
value of the average fluorescence intensity of peripheral blood neutrophil CD64 (nCD64) for bacterial infections. 
In this study, 128 patients with hematological tumors who underwent chemotherapy in hospital were selected as 
the research subjects. The ZigBee wireless sensor network system based on digital filtering mathematical model 
was used to monitor the physiological indicators of patients in real time. The subjects were divided into the 
infected group and the non-infected group according to clinical characteristics and imaging examination results, 
and dynamic monitoring was performed on patients of long hospital stay but without fever. The two groups were 
compared for the average fluorescence intensity of neutrophils and the expression of C-reactive protein (CRP), 
and the ROC curve (Receiver Operating Characteristic Curve) was used to judge the cut-off value, sensitivity, and 
specificity of PCT, CRP, and nCD64. It was found that, under the ZigBee wireless sensor network system based on 
digital filtering mathematical model, the patient’s ECG frequency of the mixed baseline drift was relatively low, 
and the system filtered through the 0.5 Hz sine shock chill superposition. The detection accuracy was high; the 
subgroups of the infection group (the increased group, the normal group, the decreased group, and the deficient 
group) showed higher nCD64 average fluorescence intensity versus the non-infection group (P < 0.05). Dynamic 
monitoring points 1 and 3 showed higher nCD64 average fluorescence intensity versus the control group, non- 
infection group, and dynamic monitoring point 2 (P < 0.05).The ROC curve revealed that the sensitivity and 
specificity of average fluorescence intensity of nCD64 (in the infection group and the dynamic monitoring group) 
were 90.4 and 86.7, 79.6 and 79.6, respectively, in the diagnosis of hematological tumor patients after 
chemotherapy, higher than PCT and CRP. It suggested that ZigBee wireless information medical monitoring 
based on digital filter mathematical model can effectively diagnose bacterial infections in patients with hema
tological tumors after chemotherapy, together with nCD64 average fluorescence intensity.   

Introduction 

Medical monitoring is the monitoring of the physiological status of 
patients with relevant medical equipment. Medical personnel can obtain 
the physiological parameters of the monitor and analyze them at any 
time, which is helpful to take corresponding measures to treat the pa
tients effectively in time. Traditional medical monitoring system usually 
needs to connect a lot of cables to the patient for monitoring, which is 
not conducive to the free movement of patients, and these devices are 

expensive [1]. With the rapid development of computer information 
technology, sensing technology and communication technology, wire
less sensor network technology has been widely applied in environ
mental monitoring, industry and agriculture, medical treatment, 
national defense, and military fields [2]. ZigBee wireless sensor network 
has the advantages of large network capacity, small size, low power 
consumption, low cost, short time delay, etc. [3]. It mainly carries out 
real-time monitoring of physiological indicators such as body tempera
ture, pulse, heart rate, blood pressure, etc., and provides instant 
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monitoring for patients with related diseases, so as to reduce the harm 
caused by diseases to patients [4]. YANG et al. (2017) proposed a ZigBee 
cloud system based on a digital filter mathematical model to monitor the 
patient’s heart rate, pressure, and body temperature. The data was then 
fed back to the doctor and the patient’s family [5]. Abdulhamid and 
Victor (2019) proposed a wireless sensor network based on the ZigBee 
communication protocol to continuously monitor the physiological 
conditions of patients, including body temperature and pulse rate. 
Medical staff can remotely monitor multiple patients at the same time 
[6]. 

Blood tumors include leukemia, lymphoma, multiple myeloma and 
myeloproliferative diseases. Currently, combined chemotherapy is the 
main blood tumor treatment method, but while killing tumor cells, 
combined chemotherapy is also lethal to normal blood cells, and 
bleeding or infection symptoms often occur [8]. After chemotherapy, 
patients with blood tumors are prone to leukopenia, especially neu
tropenia, which can lead to bacterial, invasive fungal, or viral infections. 
Since the immune function of the body is reduced after chemotherapy, 
the inflammatory manifestations of the patients are not obvious enough, 
and some of the patients only have fever symptoms, and the infected site 
is not clear, which affects the formulation of treatment methods. 
Therefore, the patients with chemotherapy for blood tumor often get 
worse or die because of the infection [7]. Neutrophils CD64 has been a 
hotspot in the diagnosis of bacterial infection in recent years with high 
sensitivity and specificity. Groselj-Grenc et al. (2019) showed that CD64 
index was an effective diagnostic marker for bacterial ventriculitis in 
pediatric patients with ventricular drainage [8]. Qin et al. (2017) used a 
combination of neutrophil CD64 and PCT to determine bacterial infec
tion in neonates [9. At present, the research subjects of nCD64 diagnosis 
of bacterial infection are mostly patients with normal hematopoietic 
system, and there are few reports on the diagnosis of bacterial infection 
in patients with blood tumor after chemotherapy. 

Physiological signals mainly include blood oxygen saturation, ECG, 
and blood pressure. Blood oxygen, ECG, and blood pressure can reflect 
the basic vital characteristics of the human body. By detecting these 
signals, the patient’s health status can be grasped in a timely and 
effective manner. This is of great significance for long-term monitoring 
of the disease condition and the formulation individualized treatment 
plans. 

To explore the application of the ZigBee wireless information med
ical monitoring system based on the digital filter mathematical model, 
the ZigBee wireless network based on the digital filter mathematical 
model was used to monitor patients with hematological tumors after 
chemotherapy, and computer biological information equipment was 
used to determine the average fluorescence intensity of nCD64, and the 
expression of PCT and CRP. The ROC curve was used to compare the 
specificity and sensitivity of the diagnosis of bacterial infections. The 
results provided a theoretical basis for the diagnosis and treatment of 
bacterial infections in patients with hematological tumors after 
chemotherapy. 

Materials and methods 

Wireless information medical monitoring system based on ZigBee 
technology 

The physiological signal monitoring system realizes physiological 
signal remote sensing by virtue of the wireless communication network. 
The appropriate signal detection unit, processing unit, and communi
cation unit must be selected in terms of system cost, power consumption, 
and real-time acquisition. As the core unit of the monitoring system, the 
processing engine is evaluated regarding the operating speed, power 
consumption, and scalability of the processor. Mainstream micropro
cessors now mainly include ARM and DSP. DSP has higher computing 
power, but its power consumption is higher than ARM. ARM has 
abundant internal resources, and only a few peripheral devices are 

needed to build the smallest system [10]. In contrast, the scalability of 
DSP is somewhat insufficient. Therefore, using ARM as the core pro
cessing engine can reduce the development cycle and system 
consumption. 

The Zigbee communication unit can be implemented in two ways: (1) 
ZigBee protocol processor and RF chip. (2) Design with integrated Zig
bee protocol chip. Method 1 can choose different processors and radio 
frequency chips according to needs, and the design is flexible. However, 
because many companies have not transplanted the Zigbee protocol 
suitable for their own processors, designers need to transplant inde
pendently. Method 2 avoids the heavy migration work in Method 1, 
because it serves as a processor, so it can directly cooperate with the 
detection circuit, and solve the calculation and data transmission work 
at the same time. 

Above, out of consideration of the design difficulties and flexibility, 
the blood oxygen probe and the integrated analog front end are selected 
as the units to detect blood oxygen saturation, with the integrated ECG 
module as the ECG monitoring unit, and the digital three-axis acceler
ation sensor as the descending signal detection unit. For the processing 
unit, based on power consumption, scalability, and cost considerations, 
the ARM processor is selected as the core of the processing unit. The 
Zigbee communication unit adopts the Zigbee protocol integrated chip 
as the Zigbee communication unit. 

Wireless medical monitoring system usually includes wireless 
communication module, terminal information acquisition module, and 
upper computer control display module. The upper computer mainly 
processes and analyzes the data information collected by the terminal to 
diagnose the current status of the monitor; the terminal information 
acquisition module collects the physiological indicators of patients, 
including temperature, ECG, blood pressure and other sensors; the 
wireless communication module transmits data between the upper 
computer and the terminal node. The structure of ZigBee wireless in
formation medical monitoring system based on the filtering mathe
matical model is shown in Fig. 1. The wireless medical monitoring 
system usually includes a wireless communication module, a terminal 
information acquisition module, and an upper computer control display 
module. 

Construction of filtering algorithm 

The human body’s ECG signal, pulse, and other data can be directly 
transmitted to the digital filter model through ZigBee wireless commu
nication, but there is interference of the circuit and other random noise, 
and filtering is needed before subsequent calculations can be performed 
[11]. The digital filter model is divided into infinite impulse response 
(IIR) and finite impulse response (FIR) filters [12]. FIR filters have strict 
linear phase characteristics, can always meet the stability conditions, 
and are widely used. 

There are two ways to design FIR filter, namely, window function 
method and frequency sampling method. The window function method 
must constantly change the shape and length of the window function to 

Fig. 1. ZigBee wireless information medical monitoring system based on digital 
filtering mathematical model. 
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achieve the best filtering. In contrast, the frequency sampling method is 
more direct and convenient. The basic principle of using frequency 
sampling method to design FIR filter model is to sample the ideal fre
quency response at equal intervals from the frequency domain to 
approximate the frequency response function of the filter model. Ai(yer) 
represents the expected filter frequency response function, and then the 
equation below is obtained. 

|Ai(yer) = Aik(r)yeθi(r) (1) 

With r = 0 ~ 2π, N electrical sampling is performed on Ai(yer) at 
equal intervals, and then equation below is obtained. 

|Ai(h) = Ai(yer) |r = 2πh|N (2) 

With Ai(h) as the unit impulse response of the filter model, filter 
model system functions A(s) and Ai(yer) are expressed as follows. 

A(s) =
1 − c− N

N

∑N− 1

k=0

Ai(h)
r2eθib− 1 (3)  

Ai(yer) = c− g(N− 1)
2 θ

∑N− 1

k− 0
Ai(h)

1
N

cgπh
N (N− 1)sin[N(θ/2) − π/h/N ]

sin(θ/2 − πh/N)
(4) 

Frequency sampling of Ai(yer) is to extract N equally spaced fre
quency response values on the unit circle of the c-plane. The frequency 
response at each sampling point in the filtering model is equal to the 
ideal frequency response, and the frequency response between each 
sampling point is obtained by superimposing weighted interpolation 
functions. 

For transmission band Ai(yer) = 1and stop band Ai(yer) = 0, to 
reduce the fluctuations caused by the abrupt change of the sampling 
point at the edge of the passband, it is necessary to increase the transi
tion band between the transmission band and stopband to improve the 
approximation quality. 

Main instruments and reagents 

Disposable EP tubes, microliter pipettes, cryopreservation boxes, etc. 
were purchased from Beijing Biomedical Co., Ltd., BD flow cytometry 
tubes, immunochemiluminescence instrument, protein analyzer sup
porting reaction cups were purchased from BD in the United States, 
high-speed desktop centrifuge , Low-temperature refrigerator, and flow 
cytometer were purchased from Beijing Times Beili Co., Ltd., and the 
automatic immunochemiluminescence instrument was purchased from 
China Medical Device Factory. CD45 fluorescent antibody, CD64 fluo
rescent antibody, and hemolysin were purchased from BD in the United 
States, and three distilled water, PCT diagnostic kits, etc. were pur
chased from Jiangsu Medical Instruments Co., Ltd. 

Research subjects 

128 cases of blood tumor patients undergoing chemotherapy in 
hospital from October 2016 to October 2018 were selected as the 
research object. Among them, there were 68 males and 60 females, 
ranging in age from 30 to 55 years, with an average age of 42.67 ±
14.82 years. This experiment has been approved by the ethics committee 
of our hospital, and all the patients included in the study have signed the 
informed consent. 

Continuous dynamic detection group: at the same time, patients with 
no fever and long hospital stay were selected for dynamic monitoring, 
their conditions were recorded, and the fluorescence intensity of nCD64 
was measured every two days using the computer biological information 
equipment. If there was fever and the diagnosis was bacterial infection, 
the fluorescence intensity of nCD64 measured at the first and second 
time before fever and at the time of fever were recorded as dynamic 
monitoring group 1, 2 and 3, respectively. The control group was free of 
bacterial infection during the monitoring, and their CRP and PCT values 

were detected. 

ECG signal acquisition 

(l) Before the test, the patient’s fingers, especially the nails, should be 
cleaned. If there is too much dirt, it will hinder the transmission of light 
and affect the measurement results. (2) It should be noted to avoid 
strong external light irradiating the blood oxygen probe, which may 
cause the photoelectric receiving device to deviate from the normal 
working area and affect the measurement results. (3) During the mea
surement process, the subject should try to stay calm, breathe evenly, 
and avoid strenuous exercise, which will cause the extracted signal to 
drift drastically, resulting in inaccurate measurement. (4) Try to avoid 
measuring under conditions of shock and low finger temperature, 
because when the peripheral circulation is not good, the arterial flow of 
the measuring part will decrease, resulting in inaccurate measurement. 
(5) During measurement, the blood oxygen probe should be placed in 
the correct position according to the probe instructions. 

The biochemical and imaging tests  

(1) The number of neutrophils was recorded and there were four 
groups based on the number of neutrophils: the increase group, 
the decrease group, the normal group, and the insufficient group. 
The effect of neutrophils on CD64 expression was then analyzed.  

(2) Infection-related indexes should be collected as much as possible 
within 1 to 2 days before and after the blood sample collection, 
such as ESR, CRP, PCT, bacterial culture, mammogram, and CT 
results, to determine whether infection occurred.  

(3) Close attention should be paid to researchers who collect blood 
samples. When a clinical bacterial infection was diagnosed, the 
therapeutic effects of antibiotics were monitored. If the symp
toms improved quickly after using antibiotics, it can be judged as 
a bacterial infection. Then, the test data was saved, and a statis
tical analysis was conducted after the experiment. If there was no 
significant improvement after using antibiotics, antiviral drugs or 
antibiotics were further administered. When the condition 
improved, all relevant information and data on the topic would 
be excluded. 

Diagnostic criteria for bacterial infection 

Patients with hematological tumors who have been diagnosed with 
bacterial infections and clinically diagnosed with bacterial infections 
after chemotherapy were selected. The diagnostic criteria were as 
follows. 

Sepsis is blood penetration caused by the bacterial infection, 
accompanied by symptoms of bacterial infection. If pathogenic bacteria 
were found in blood culture or bone marrow culture, the possibility of 
contamination was then eliminated. The bacterial infection of local or
gans or tissue is confirmed if there were symptoms the bacterial 
infection. 

Bacterial infection clinical diagnostic indicators: meeting the 
following non-specific biochemical diagnostic criteria by at least 2. The 
total number of white blood cells > 10 × 109/L and the number of 
neutrophils > 7 × 109/L. CRP increases by ≥ 8ug/ML after 6–8 h of 
inflammation, which is a commonly used and sensitive detection index 
for acute protein. PCT is the precursor of hormone-free calcitonin 
secreted by neuroendocrine cells under physiological conditions, 
demonstrating higher sensitivity and specificity than CRP and white 
blood cell count. The diagnostic cut-off value is ≥ 0.5 ng/mL, but if the 
PCT concentration fluctuates between 0.05 and 0.5 ng/mL, it may be 
local inflammation or local infection. Chest radiograph: respiratory tract 
infection is common in patients with hematological tumors after 
chemotherapy. If chest x-ray images show thickened lung texture 
thickening, ground-glass opacity, and spot shadows, it provides certain 
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guidance. The efficacy of antibiotics, etc. 

Collection and storage of blood samples  

(1) The nurses of the Department of Hematology in our hospital 
collected peripheral blood for routine monitoring under strict 
aseptic conditions, and 3 mL of peripheral blood was drawn in 
EDTA anticoagulant tube and stored at 4 ◦C.  

(2) Of the 3 mL of peripheral blood in this tube, 1 mL of whole blood 
was stored at 4 ◦C for subsequent detection of the average fluo
rescence intensity of nCD64. The remaining 2 mL of whole blood 
was centrifuged for 5 min (3000 rpm), with the supernatant 
transferred in a 1.5 mL EP tube using a 1000 μL pipette. The 
patient’s name and sampling date were marked on the EP tube, 
and it was stored at − 20 ◦C. The data was sorted and analyzed 
every three months, and sera of some subjects were randomly 
selected to test their PCT and CRP. 

The grouping 

Infected and non-infected groups: patients were divided into the 
infected group (68 cases) and the non-infected group (60 cases) ac
cording to whether they were infected or not. The judgment method of 
whether the patient has bacterial infection was as follows: clinical 
symptoms, experimental test results (CRP, PCT, bacterial culture), im
aging examination (chest radiograph), and follow-up monitoring of the 
disease were evaluated. According to the absolute value of neutrophils, 
NEUT was divided into 4 subgroups: normal group (2 × 109L ≤ NEUT ≤
7 × 109L), increase group (NEUT > 7 × 109L), decrease group (0.5 ×
109L ≤ NEUT ≤ 2 × 109L), lack group (NEUT ≤ 0.5 × 109L). 

Continuous dynamic detection group: at the same time, patients with 
no fever and long hospital stay were selected for dynamic monitoring, 
their conditions were recorded, and the fluorescence intensity of nCD64 
was measured every two days using the computer biological information 
equipment. If there was fever and the diagnosis was bacterial infection, 
the fluorescence intensity of nCD64 measured at the first and second 
time before fever and at the time of fever were recorded as dynamic 
monitoring group 1, 2 and 3, respectively. The control group was free of 
bacterial infection during the monitoring, and their CRP and PCT values 
were detected. 

Flow cytometry 

The mean fluorescence intensity of nCD64 in peripheral blood was 
measured by flow cytometry. 100 μL blood samples were taken and 
mixed with CD45 and CD65 fluorescence antibodies, 20 μL each, and 
incubated for 15 min in dark. After adding 300 μL PBS for resuscitation, 
the detection was performed by up-flow cytometry. 1000 cells were 
counted in each sample, and Cellquest software was used for numerical 
analysis to obtain the average fluorescence intensity of nCD64 (nCD64 
MFI). 

Statistical analysis 

The experimental data were analyzed by SPSS20.0 software, and the 
measurement data were represented by mean ± standard deviation. The 
t test was used for inter-group comparison, and the Kruskal Wallis rank 
sum test was used for multi-group comparison. P < 0.05 was considered 
statistically significant. 

Results 

Basic information and imaging images of the patient 

In this study, 128 patients with hematological tumors were selected 
as the research subjects. There were 82 leukemia patients, 22 lymphoma 

patients, and 24 multiple myeloma patients under the ZigBee wireless 
information medical monitoring based on the digital filtering mathe
matical model. There were 6 cases of sepsis, 49 cases of lung infection, 
12 cases of perianal abscess, 21 cases of purulent tonsillitis, and 36 cases 
of unclear infection. As shown in Fig. 2, the pneumococcal infection 
exhibited patchy and multifocal consolidation shadows, and the 
Staphylococcus aureus infection exhibited uniform or patchy multifocal 
consolidation. shadows, and Klebsiella infection exhibited uniform 
consolidation of non-segmental distribution. 

In this study, 128 patients with hematologic tumors were selected, 
including 82 patients with leukemia, 22 patients with lymphoma and 24 
patients with multiple myeloma. There were 6 cases of sepsis, 49 cases of 
pulmonary infection, 12 cases of perianal abscess, 21 cases of suppu
rative tonsillitis and 36 cases of unclear infection foci. Fig. 2 were im
ages of patient’s bacterial infection part. After pneumococcal infection, 
patchy and multifocal consolidation shadows were observed; after 
staphylococcus aureus infection, uniform or patchy multifocal consoli
dation shadows were observed; after klebsiella infection, uniform 
consolidation shadows of non-segment distribution were observed. The 
processing of patients’ ECG signals by wireless information medical 
monitoring system based on computer ZigBee technology was shown in 
Fig. 3. In general, the ECG frequency of mixed baseline drift was rela
tively low, and the system was filtered by sinusoidal chill superposition 
of 0.5 Hz. 

Expression levels of nCD64 in the infected and uninfected groups 

Under the ZigBee wireless information medical monitoring based on 
the filtering mathematical model, the computer biological information 
equipment was used to measure the average nCD64 fluorescence in
tensity of the infection group and the non-infection group. In the 
infected group, the expression levels of nCD64 in the of subgroups (in
crease group, normal group, decrease group, lack group) were 165.23 ±
54.65 (MFI), 134.35 ± 54.65 (MFI), 183.63 ± 48.64 (MFI), and 188.56 
± 34.67 (MFI), respectively. The nCD64 of the normal group in the 
infected group was lower than that of the other three groups. In the non- 
infected group, nCD64 levels of subgroups of neutrophil granulocyte 
(increase group, normal group, decrease group, lack group) were 50.23 
± 13.61 (MFI), 56.23 ± 15.65 (MFI), 46.23 ± 12.35 (MFI) and 48.23 ±
16.67 (MFI), respectively. There was no statistically significant differ
ence in nCD64 expression between the four subgroups of the infected 
group (P > 0.05); there was no statistically significant difference in 
nCD64 expression between the four subgroups of the non-infected group 
(P > 0.05); the nCD64 level of the infected group was significantly 
higher than that of the uninfected group (P < 0.05). According to the 
results in Fig. 4, the expression of nCD64 on the neutrophil surface was 
independent of the number of neutrophils, so the subsequent experi
ments need not be divided into subgroups for discussion. 

The expression levels comparison of nCD64 in each group 

The expression levels of nCD64 in the infected group, the uninfected 
group, the control group, the dynamic monitoring site 1, the dynamic 
monitoring site 2, and the dynamic monitoring site 3 were measured 
using the computer biological information equipment. The results are 
shown in Fig. 5. There was no statistically significant difference in 
nCD64 expression between the uninfected group and the dynamic 
monitoring site 2 (P > 0.05); the nCD64 level of the uninfected group 
was significantly higher than that of the normal control group (P < 
0.05); the nCD64 level of the dynamic monitoring site 2 was signifi
cantly higher than that of the control group (P < 0.05); the nCD64 level 
of dynamic monitoring point 1 and 3 was significantly higher than that 
of control group, non-infected group and dynamic monitoring point 2 (P 
< 0.05); there was no significant difference in nCD64 level between the 
dynamic monitoring point 1 and the dynamic monitoring point 3 (P >
0.05); the expression level of nCD64 in the infected group, the 
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uninfected group, the control group, the dynamic monitoring site 1, the 
dynamic monitoring site 2 and the dynamic monitoring site 3 showed a 
trend of gradually increasing. 

PCT and CRP measurement in the infected and uninfected groups 

The PCT and CRP measurements of the infected and uninfected 
groups were shown in Fig. 6. The PCT and CRP contents of the infected 
group were 0.15 ± 0.068 (ng/mL) and 56.23 ± 7.76 (mg/L), 

respectively. The contents of PCT and CRP in the non-infected group 
were 0.063 ± 0.012 (ng/mL) and 14.62 ± 5.65 (mg/L), respectively. 
PCT content in the infected group was significantly higher than that in 
the uninfected group (P < 0.05), and CRP content in the infected group 
was significantly higher than that in the uninfected group (P < 0.05). 

ROC analysis of nCD64, PCT, and CRP detection of bacterial infection 

The critical value, sensitivity, and specificity of PCT, CRP, and 
nCD64 (infected group and dynamic monitoring group) in detecting 

Fig. 2. (A: pneumococcal pneumonia infection, chest anterior film showed uniform consolidation of the upper lobe of the right lung (arrow), accompanied by air 
bronchus sign; B: staphylococcus aureus infection, chest anterior film showed bilateral consolidation accompanied by air bronchial sign (arrow); C: Klebsiella 
pneumoniae infection). 

Fig. 3. Real-time monitoring of ECG signals in patients.  

Fig. 4. Expression levels of nCD64 in the infected and uninfected groups * 
indicated a notable difference between the normal group with the other groups, 
P < 0.05. 
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Fig. 5. The expression levels comparison of nCD64 in each group.  

Fig. 6. PCT and CRP measurement in the infected and uninfected groups.  
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bacterial infection in blood tumor patients after chemotherapy are 
shown in Fig. 7 and Fig. 8. The critical values of PCT, CRP, and nCD64 
(infected group and dynamic monitoring group) for bacterial infection 
were 0.092, 18.6, 56.18 and 56.26, respectively; the sensitivities of PCT, 
CRP, and nCD64 (infected group and dynamic monitoring group) to 
bacterial infection were 78.5, 82.6, 90.4 and 86.7, respectively; the 
specificity of PCT, CRP and nCD64 (infected group and dynamic moni
toring group) were 75.6, 76.8, 79.6 and 79.6, respectively. The sensi
tivity and specificity of nCD64 level in diagnosing bacterial infection in 
blood tumor patients after chemotherapy were higher than that of PCT 
and CRP. 

Discussion 

After chemotherapy, the immune function of patients with blood 
tumor is weak and they are prone to infection, and bacterial infection is 
the most common type of clinical infection [12]. Generally, doctors will 
use antibiotics for treatment, but antibiotics have a large toxic and side 
effect on the human body. Improper use of antibiotics will also cause 
treatment delay, resulting in increased mortality from infection. 
Therefore, it is of great significance to find the detection index for the 
early diagnosis of bacterial infection.CD64 is a membrane glycoprotein 
that plays an important role in the immune response of the body [13]. In 
the study, a ZigBee wireless information medical monitoring system was 
constructed first based on a digital filter mathematical model, and then 
the computer biological information equipment was used to monitor 
bacterial infections. The results found that, the wireless information 
medical monitoring system based on the computer ZigBee technology 
processed the patient’s ECG signal. The ECG frequency of the mixed 
baseline drift was relatively low. The system filtered through the 0.5 Hz 
sine chill superposition. The filter was found to suppress the limit de
viation, leaving the waveform of the electrical signal clearer, and the 
detection accuracy was heightened; The number of neutrophils in he
matological tumors patients after chemotherapy had nothing to do with 
the expression level of CD64, indicating that the average fluorescence 
intensity of nCD64 can be used as an index of bacterial infection in 
patients with hematological tumors after chemotherapy. CD64 was less 
expressed in normal neutrophils, and its expression increased rapidly 
within 60 min after infection. Guo et al. (2018) found that the leukemia 
with bacterial infection group showed higher CD64, CRP, and PCT 
versus the non-combined infection group [14]. Dai et al. (2017) pointed 
out that in patients with hematological malignancies and bacterial in
fections, the CD64 index, CRP, PCT, and NC (neutrophil count) levels of 
the infection group were higher than those of the non-infection group 

before and after antibacterial treatment [15]. In the study, the ZigBee 
wireless information medical monitoring system based on the digital 
filtering mathematical model was constructed, and the computer bio
logical information equipment was used to measure the average fluo
rescence intensity of nCD64 in the infection and non-infection groups. It 
was found that the average fluorescence intensity of nCD64, and the 
content of PCT and CRP in the infection group were higher (P < 0.05). 
This was consistent with the research results of Guo et al. (2018) and Dai 
et al. (2017), who found that the ZigBee wireless information medical 
monitoring system under the filtered digital model provided guidance 
for the monitoring of bacterial infections. 

Since bacterial infection occurs in blood tumor patients after 
chemotherapy, the infection foci are not obvious or even absent in some 
patients, and fever may be the only clinical symptom [16], a dynamic 
monitoring test was designed in the study. Patients with no fever and 
long hospital stay were selected to detect the fluorescence intensity of 
nCD64 before and after the occurrence of fever symptoms. It was found 
that the nCD64 level in the dynamic monitoring site 1, the dynamic 
monitoring site 3 and the infected group showed a gradually increasing 
trend, indicating that the expression level of nCD64 increased with the 
increase of infection severity. Muzlovic et al. (2016) showed that the 
area under the ROC curve (AUC) of sepsis with ventilator-associated 
pneumonia diagnosed by CD64, CRP and PCT were 0.929, 0.869 and 
0.909 [17]. Qin et al. (2017) used neutrophil CD64 and PCT to deter
mine bacterial infection in neonates, and found that the areas under the 
ROC curve (AUC) of neutrophil CD64, PCT and CRP in the diagnosis of 
bacterial infection were 0.818, 0.818 and 0.704, respectively, and the 
combined AUC of neutrophil CD64 and PCT was 0.926 [18]. In this 
study, the sensitivity of PCT, CRP and nCD64 (infected group and dy
namic monitoring group) to detect bacterial infection was 78.5, 82.6, 
90.4 and 86.7, respectively, and the specificity of PCT, CRP and nCD64 
(infected group and dynamic monitoring group) were 75.6, 76.8, 79.6 
and 79.6, respectively; the sensitivity and specificity of nCD64 in the 
diagnosis of bacterial infection in blood tumor patients after chemo
therapy were higher than that of PCT and CRP, which was consistent 
with the research results of Qin et al. (2017). 

Conclusion 

In this research, the digital filter mathematical model-based ZigBee 
wireless sensor network system was used to monitor patients with he
matological tumors after chemotherapy. The results showed that, the 
filter suppressed the baseline shift, leaving the waveform of the elec
trical signal clearer, and heightened the detection accuracy. Based on 
this mathematical model, the average intensity of nCD64 fluorescence in 
the peripheral blood of patients was measured by the flow cytometer, 
with its diagnostic value for bacterial infections explored. However, 

Fig. 7. Comparison of thresholds, sensitivities, and specificities in different 
bacterial infections detection. 

Fig. 8. ROC analysis of PCT, CRP, and nCD64 detection.  
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there are still some deficiencies in this study. The number of subjects is 
effective, and it is impossible to distinguish gram-positive or negative- 
positive bacteria. Whether the bacteria species affect the expression of 
nCD64 needs to be further studied and determined. In summary, using 
the ZigBee wireless sensors raised the detection accuracy. The results of 
this study provide a theoretical basis for the diagnosis of physiological 
indicators of bacterial infections. 
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