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Adjuvant Therapy System of COVID-19 Patient:
Integrating Warning, Therapy, Post-Therapy
Psychological Intervention

Miao Li*, Yixue Hao
Min Chen

Abstract—The 2019 novel coronavirus(COVID-19) spreads
rapidly, and the large-scale infection leads to the lack of medical
resources. For the purpose of providing more reasonable medical
service to COVID-19 patients, we designed an novel adjuvant
therapy system integrating warning, therapy, and post-therapy
psychological intervention. The system combines data analysis,
communication networks and artificial intelligence(AlI) to design a
guidance framework for the treatment of COVID-19 patients.
Specifically, in this system, we first can use blood characteristic data
to help make a definite diagnosis and classify the patients. Then, the
classification results, together with the blood characteristics and
underlying diseases disease characteristics of the patient, can be
used to assist the doctor in treat treating the patient according to
Al algorithms. Moreover, after the patient is discharged from the
hospital, the system can monitor the psychological and physiological
state at the data collection layer. And in the data feedback layer,
this system can analyze the data and report the abnormalities of the
patient to the doctor through communication network. Experiments
show the effectiveness of our proposed system.

Index Terms—COVID-19, adjuvant therapy system, blood
characteristic, 5G communication.

I. INTRODUCTION

HE pneumonia epidemic brought by the 2019 novel
coronavirus (COVID-19) outbreak in many countries.
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Statistics show that, more than 10 million people have been
infected all over the world [1], together with severe injuries,
deaths, and economic losses. And many governments have
declared an emergency. There are no reports of specific drugs
for the treatment of patients with COVID-19, but drugs have
been used to improve the immune system, and it is not possi-
ble to mass produce vaccines at present. COVID-19 spreads
very quickly. Once an outbreak occurs in an area, the number
of patients in that area will increase dramatically and there
will be a shortage of healthcare workers in that area [2].
Today, some researchers are engaged in the development of
nucleic acid reagents to help confirm COVID-19 patients.
Some are making statistical analysis on related data in the
therapeutic process of COVID-19 patients to help the progno-
sis of patients [3]. And some are focusing on how the medical
history of a patient influence their prognosis [4].

However, COVID-19 is a new disease that we know little
about and rarely find consistent symptoms. In its early
stage, COVID-19 shows symptoms similar to those of the
common cold, diarrhea, or common pneumonia, which can
result in wrongly diagnosed or missed patients. For patients
in the early stage of COVID-19, a nucleic acid test always
shows false positive results [5]. Furthermore, many patients
fail to quarantine when they are waiting for the test result.
For example, in China, the reopening of workplaces
requires staff to go through a nucleic acid test, but those
being tested might believe that they are free of COVID-19
and thus go out as normal after the test. Moreover, the clas-
sification and death probability of the patient cannot be
determined without an assessment for health conditions of
the patients. The huge shortage of medical workers makes
it difficult for patients to receive an effective assessment,
the situation impairs the treatment of patients and the allo-
cation of medical resources. Moreover, depression can
occur during the therapy process and after-discharge reha-
bilitation of patients due to fear, financial pressure, family
pressure, and so on [6]. However, for all these problems
arising from the epidemic, a single closed-loop solution is
not been established yet.

Although the present research has made some achievements
in data analysis, there are still many deficiencies. (i) Most of
the current research on COVID-19 patient data is based on sta-
tistical analysis, which fails to find out the relationship
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between patient data and the conditions of patients [7]. (ii) In
some cases, researchers used a machine learning algorithm for
data analysis [8], but they did not obtain sufficient data. These
methods made the result of that such data analysis is not repre-
sentative. (iii) Some experimental results require the assis-
tance of doctor for judgement [9]. These studies failed to
relieve the medical staffs from their busy work but just
increased their assignment instead. Other experimental analy-
ses only considered a small proportion of conditions. For
example, [10] only considered the relationship between dia-
betes and mortality in COVID-19 patients. These studies are
not widely applicable in the outbreak area. And previous
researchers only focused on the fields they are interested in,
and these studies did not form a system. Furthermore, the
patient may need a very long time of recovery treatment after
discharge from the hospital, and during this long time, the
patient may show depression symptoms which have attracted
little attention of the researchers.

To address these problems, in this paper, we design an adju-
vant therapy system that integrates warning, therapy, and
post-therapy psychological intervention. The adjuvant therapy
system is established based on the data analysis result, the
result of analysis on the psychological status of patients, and
the aforesaid medical resources allocation scheme. The system
overalls for the physical and psychological treatment of
patients. And the system reduces the medical staff work by
provides a solution to Medical resources allocation problem.
The main contributions of this paper can be summarized as
follows:

e We design a patient data pre-treatment scheme. This
scheme determines whether the patient is a COVID-19
patient based on blood data, age, and temperature.
Moreover, this scheme can achieve the best therapeutic
schedule based on the conditions, length of stay, and
mortality risk of the patient. And the scheme is capable
to analyze the blood data, underlying diseases, tempera-
ture, and mental state of the patient and, determines the
drugs required by the patient based on the result of
analysis.

e We introduce a patients after rehabilitation program. It
pays comprehensive attention to the physical and men-
tal health status of patients after recovery, and provides
timely psychological treatment for patients.

e We propose a medical resource allocation scheme,
which can reasonably allocate medical resources on the
basis of determining the number of patients and accord-
ing to the analysis of patients’ condition. This scheme
makes the best use of limited medical resources to mini-
mize mortality.

e To evaluate the system, we collected the therapy data of
some patients from Wuhan of China, and processed
these data with Al algorithm. Experiments show the
effectiveness of our proposed system.

The rest of the paper is organized as follows. In Section II,
we give the related work. In Section III, we describe the archi-
tecture of the integrated system. In Section IV, we discussed
in detail the algorithm scheme of the integrated adjuvant

therapy system. In Section V, we presented the experimental
results of the algorithm scheme. In Section VI, we debated on
other issues in the research of COVID-19. And in Section VII,
we delivered the conclusion of this paper.

II. RELATED WORK

As a massive epidemic that has swept the globe, COVID-19
has brought great difficulty to epidemic control and prevention
work of the world. In the public health emergency, the
responses of all the countries around the world have provided
good references for us to solve other public health emergen-
cies. However, existing studies are one-sided. For example,
Kricke, et al. developed a monitor program, the program pro-
vides a symptom questionnaire to patients, but the result of
the questionnaire can only be determined by professional
nurses and doctors [9]. Thus, this research is not good for
regions witnessing the outbreak of COVID-19. Because medi-
cal staff are shortage and few can be allocated to do this work.

Thus, to reduce the work of medical staff, many researchers
have shifted their attention to the difference between COVID-
19 patients and healthy people, so that even non-professionals
distinguish a COVID-19 patient from a healthy person. For
example, Li et al. studied statistics on the blood data of 10
COVID-19 patients and 30 non-COVID-19 patients, and they
found that some patients had absolutely reduced lympho-
cyte [11]. However, such patients accounted for only %20 of
the total patients, and their blood characteristics failed to be
compared with those of the common flu and pneumonia
patients. Thus, they could not be considered a complete repre-
sentation. Later, with the production of a nucleic acid reagent,
a nucleic acid test (NAT) became a major approach to tell
whether a person is a COVID-19 patient.

Moreover, Winichakoon et al. argued that a patient tested
negative could not necessarily be a non-COVID-19
patient [12]. Now, in order to distinguish COVID-19 patients
from non-COVID-19 patients, some researchers have started
using machine learning to study the serum characteristics of
patients based on their serum characteristics. Liu et al. showed
that the predictive value of hypocalcemia for patients with
severe COVID-19 [13]. Zhang et al. summarized the hemato-
logical changes of COVID-19 patients and the possible mech-
anism leading to thrombocytopenia [14]. Muhammed et al.
made statistics on the role of nearly 20 groups of blood data in
the definite diagnosis of COVID-19 patients [15]. However,
none of this research has integrated all the blood data for
research, they only used several of blood characteristics. In
addition, the size of the data taken by the researchers was nar-
row, and the accuracy needs to be further improved.

In contrast, in our research, we take 80 groups of blood
characteristic data to determine whether the patient is infected
with the virus, and the accuracy was better than that of the
aforementioned studies. Shi et al. explored the relation
between the viral load on the throat swab of 114 COVID-19-
patients and the illness state of such patients when they were
admitted to the hospital, but the accuracy was poor [16].
Besides, Gu er al. proved that the serum AST level of the
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identified COVID-19 patient would drop after being treated,
and showed a positive correlation with the length of stay in
the hospital, but the length of stay corresponding to the serum
AST level was not identified [17].

Estimating the death possibility of a patient enables medical
staffs to care specially for this patient, and then reduces the
death risk of such patients. Iavarone ef al. studied the impacts
of liver cirrhosis on the death possibility of patient in [18].
Chen et al. discussed the relation between the temperature and
activated partial thromboplastin (APTT) of patients and death
risk when being admitted in [19]. Li et al. discussed the prog-
nostic impacts of cardiovascular diseases on patients in [20].
However, some patients may have hypertension, asthma, and
heart diseases, and other diseases associated with the death
risk of such patients. Huang et al. suggests that COVID-19-
induced cytokine storm caused hepatotoxicity and subse-
quently critical hypoalbuminemia, which are associated with
exacerbation of disease-associated inflammatory responses
and progression of the disease [21]. And It leads to death for
some critically ill patients [22]. Therefore, in our research, we
predict the death risk by using information, such as underlying
diseases, temperature, age, and blood characteristics of the
patient. Moreover, we confine the research in an integrated
therapy system that can be used to help doctors treat COVID-
19 patients.

III. SYSTEM ARCHITECTURE

In this section, we design an adjuvant therapy system inte-
grating warning, therapy, and post-therapy psychological
intervention based on medical data of COVID-19 patients.
The whole process involves data processing and analysis, the
allocation of medical resources, and the psychological treat-
ment of patients. We take treatment as the main chain of the
system framework, and a method of auxiliary treatment can be
used as the side chain of the system framework. Specifically,
the framework of the integrated adjuvant system as shown in
Fig. 1 which include four part, i.e., patient data pre-processing
scheme, patient therapeutic scheme, rehabilitation scheme for
post-therapy patients, and Medical resources allocation
scheme. Next, we give a specific introduction.

Patient data pre-processing scheme: In the early stages of
the epidemic, relatively few nucleic acid reagents and the cost
was expensive, which makes it unpractical to enable all the
suspected patients to use the reagent. The number of patients
keeps increasing in the world, and the demand for such
reagents surpasses the supply. Furthermore, errors or the
missed diagnosis of COVID-19 patients might exist. Our algo-
rithm can tell whether the blood of such patients matching
COVID-19 characteristics, whenever the patient goes to medi-
cal departments and has a blood test. If it is a match, then a
nucleic acid test is recommended.

The detailed process is as follows: with multiple Al algo-
rithms, we first analyze the data, including the temperature,
hemoglobin, and D-dimer of the suspected patients. Next,
after screening, dimensionality reduction, training and testing,
we find the best COVID-19 diagnosis algorithm, which can be

used to predict whether a patient is a COVID-19 patient or
not. For COVID-19 patients, our integrated adjuvant therapy
system will work together with doctors to provide targeted
treatment. To design a therapy scheme matching the patient
best, it is necessary to analyze the illness conditions of the
patient. Based on the analysis result, we can determine the
conditions of the patients(common, critical, or severe). The
conditions of patients are related to his/her underlying dis-
eases, blood data, and symptoms. Thus it is necessary to use a
combination of text analysis, knowledge mapping, and a neu-
ral network to analysis.

Patient therapeutic scheme: The therapeutic scheme for the
COVID-19 patient can be determined in three parts: (i) Estimate
the death risk. We collected the age, temperature, blood data,
history of underlying diseases, and the corresponding survival
status of the patient. The we analyzed these data to get the best
algorithm for determining the survival status of the patients.
With this algorithm, we can predict the death risk. And then
give patients with high death risk more medical resources and
nurse, such as the ECMOs, pulmonary expansion, hypoxia
symptom tests, and so on. Besides, the length of stay required
by the patient can be obtained using an Al algorithm with these
data. (ii) Obtain the best therapeutic scheme. We analyse the
data of patients, then tell the nurses what kind of drugs (e.g.,
TCMs, hormones, or antibiotics) is required. (iii) Treatment the
mental status. Patients with positive attitude and strong desire to
survive recover quickly usually. COVID-19 damages the pulmo-
nary tissue and negative emotions can do nothing but worsen the
symptom of hypoxia. To overcome negative emotions, in China,
some cabin hospitals organized the patients to do fitness and
dance. Psychological counseling to patients shall be conducted
in time during the treatment.

Rehabilitation scheme for post-therapy patients: Meeting the
requirements for discharge does not mean that the patient is fully
recovered. After discharge from the hospital, COVID-19 patients
may suffer from sustained shortness of breath, muscle weakness,
loss of gustation, weakened fertility and more. Some symptoms
even last for months or the whole life of patients. Thus, constant
rehabilitation training is required. During such a long time of
rehabilitation, the patient could have willpower and mood weak-
ened gradually and show some traces of depression. In this regard,
it is of great significance to monitor the emotion of the patient.
We record the mental status of the patient every day, and provide
mental counseling as necessary. In addition, a positive nucleic
acid test is likely to occur again after discharging from hospital.
This is because most patients meeting discharge criteria are in the
recovery phase of self-limited disease. The amount of virus they
carry is small, not absent, and may increase over time.

Moreover, the result of a nucleic acid test is qualitative but
not quantitative, and few patients may return positive in
nucleic acid test after being discharged. Thus, our method col-
lects blood every month, and then analyse the data of the dis-
charged patients. If anomalies are detected in these data, then
a nucleic acid test will be conducted promptly, and therapy
will be provided quickly.

Medical resources allocation scheme: The epidemic shows
different severities in different regions and thus requires
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Fig. 1. The framework of the integrated adjuvant therapy system.
different medical resources. For example, Wuhan, China, is
the central place where COVID-19 outbroke, and thus there
was an extreme shortage of doctors, nurses, protection sup-
plies, and drugs. And cities nearby Wuhan showed a different
severity level of the shortage of medical resources. In contrast,
other provinces had slight epidemic influences and surplus
medical supplies. Thus, a scheduling plan is required to allo-
cate such surplus medical supplies.

To address this challenge, we need set up a multi-objective
optimization system. The objective function is to minimize
both the mortality rate of infected patients and the cost of such
scheduling. The constraint condition is that the city should
ensure its own medical resources can be self-sufficient. More-
over, patients with different illness conditions require different
drugs and therapy devices, and even patients showing the
same illness conditions may require different drugs.

For example, in cabin hospitals set up in Wuhan, patients
are mild symptoms but different drugs were used for them.
Critical and severe patients admitted to other designated hos-
pitals may require an oxygen apparatus, ECMOs, and the
assistance of medical staff. Thus, poor allocation of drugs,
medical apparatus, or human resources might lead to chaotic

management. Therefore, we design the management plan
according to the actual situation of each hospital.

IV. DESIGN ISSUES

In this section, we explains the problems that need to be
solved under each part of the COVID-19 integrated therapy
system and the algorithm designed to solve these problems.

A. Patient Pretreatment Scheme

The nucleic acid reagents used in some countries are lack-
ing, the cost of the nucleic acid reagent is high [23]. Not all
COVID-19 patients show symptoms of coughing or fever and
some may have diarrhea, nausea, or vomiting, which might
make them go to the other departments than the fever clinic to
receive treatment. There are even some asymptomatic patients
who might go to see a doctor without knowing that they carry
COVID-19. However, as long as they go through the blood
test, then their blood characteristics can be analyzed to deter-
mine whether they are COVID-19 patients. In this way, the
spread of the virus can be restrained and the demand for
nucleic acid reagents of some countries can be relieved.
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Fig. 2. Patient pre-treatment scheme.

For this purpose, we propose a blood-characteristics-based
analysis algorithm that requires no nucleic acid test, as shown
in Fig. 2. Specifically, we first pretreat the sample data and
remove users with too many missing values in the sample data
set. Then, the missing values of the remaining samples are
replaced with averages. Later, we normalize the sample data
and next, reduce the dimensionality of such data and cut the
data set into a training set and a test set. Finally, the improved
XGboost, random forests(RF), and support vector machines
(SVM) algorithm are used for training. Then, the training
model is used to classify the conditions of patients, and the
classification results are used to prepare corresponding medi-
cal resources for the patients.

Test results show that the accuracy rate of our blood-charac-
teristics-based algorithm requiring no nucleic acid test reached
90% or higher [24], which is better than that of nucleic acid
test. It means that this algorithm can be used in the COVID-19
warning scheme. The blood test can be used as a substitute to
the nucleic acid in countries where nucleic acid reagents are
in a shortage.

Moreover, it is necessary to classify the illness conditions of
COVID-19 patients after their definitive diagnosis. And then
send patients with mild symptoms to cabin hospitals for treat-
ment, while critical and severe patients to designated hospi-
tals. So that more medical resources can be allocated to severe
patients. However, relying only on doctors to classify patients
based on symptoms and physiological data increases the work
pressure of the doctors and nurses. For this problem, we
designed an algorithm to classify the illness conditions of
patients. This algorithm identifies the illness conditions of the
patient by using the blood characteristics data together with
the underlying diseases and symptoms of the patient. To
design this algorithm, for text data, we make segmented treat-
ment using medical dictionaries and TF-IDF feature for

vectorization. Then, we tried a random forest and decision
tree to improve final classification result.

B. Patient Therapeutic Scheme

We introduce the architecture of the therapeutic scheme for
patients. As shown in Fig. 3, the architecture includes death
prediction algorithm, hospitalization length of stay (HLOS)
prediction algorithm, therapeutic scheme for the patient and
psychotherapy scheme. Next, we introduce it more detail.

Death prediction algorithm: Once a COVID-19 patient is
identified, it is necessary to predict his/her mortality rate. For
patients with a high risk of death, more medical staff, drugs,
and medical apparatuses are required. However, most of the
mortality rate prediction is conducted by doctors based on the
illness conditions, pulmonary functions, and renal functions of
the patient, which has certain limitations. Renal dysfunction
generally indicates that the patient has entered the advanced
stage and missed the optimal opportunity for treatment. To
solve this problem, we propose a death prediction algorithm
that predicts whether the patient will die based on the blood
data and underlying disease information of the patient. If the
patient is at the risk of death, then close attention can be paid
by the medical staff to the patient, for example, patients can get
further drug therapy and even ECMOs to reduce the death risk.

To design the death prediction algorithm, we first extract
feature of the informative text in the original underlying dis-
eases with medical dictionaries, and then trained the same
with a machine learning algorithm later. Moreover, we use RF
algorithm to train the blood data and corresponding death data
of the patient. Finally, the trained model is applied to predict
the death risk of the patient.

Hospitalization length of stay prediction algorithm: Similar
to the death risk, we predict the HLOS of the patient using the
blood data and underlying disease information of the patient.
We train the collected data with a machine learning algorithm
and predict the HLOS of the patient with the trained model.
The predicted HLOS helps the hospital to arrange a ward for
the patient.

Therapeutic scheme for the patient: Once a patient has been
diagnosed, treatment is required. But there is a shortage of
medical personnel in the area of the outbreak, and it is not pos-
sible to personally consult each patient for treatment. Thus,
medical staff are in severe shortage, and they cannot provide
therapeutic counseling to each patient when the epidemic out-
break. To address this problem, we propose the intelligent
therapy algorithm, in order to provide an individualized thera-
peutic scheme to each patient. Specifically, we first collect the
data of nearly 100 COVID-19 patients in Wuhan, including
their age, blood characteristic data, hypertension or diabetes
status, symptoms, and the corresponding medicine and oxygen
treatment of the patient. Then, we divide these data into a
training set and a test set. We train the data on the training set
with the machine learning algorithm, and the objective func-
tion acting by whether the patient needs some specific drugs
(anti-virus, antibiotics, etc.) and oxygen treatment. We try dif-
ferent machine learning algorithms and finally obtained the
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Fig. 3. Architecture of the therapeutic scheme for patients.

optimal parameters after regulating. Finally, we test it on the
test set in comparison with different machine learning
schemes to obtain the algorithm with the highest accuracy
rate.

Psychotherapy scheme: In the process of COVID-19 treat-
ment, the psychological status of the patient greatly influences
the therapeutic effects. Some patients might be very depressed
and refuse to be treated, which leads to a low survival rate,
and these are symptoms of depression. To solve this problem,
we can set up a specific questionnaire to test the patient on a
daily basis. Furthermore, records (in the form of videos by a
camera) of the behavior can be made every day. Based on the
videos and questionnaire, the deep learning approach can
determine whether the patient has depression. For patients
identified as having depression symptoms, psychological
counseling shall be provided to improve their desire for sur-
vival and enhance therapeutic effects.

C. Rehabilitation Scheme for Post-Therapy Patients

As shown in Fig. 4, we present the rehabilitation scheme for
post-therapy patients. The rehabilitation scheme includes re-
positive monitor, depression monitor and design of diagnostic
model. We describe the content as follows:

Re-positive monitor: Patients discharge from the hospital
test positive again in the nucleic acid test. If so, the patients
may be contagious and need to go to the hospital for examina-
tion. To timely detect the illness conditions of the patient, it is
necessary to test the plasma antibody of the patient to deter-
mine his/her serum status. Thus, we design an intelligent mon-
itor system to record the illness conditions of the patient every
day, and design indexes proving that the patient needs hospi-
talization again. Relying on this system, a timely notice can
be made to the patient and the doctor when the patient reaches

the aforesaid indexes. And then the patient can be admitted to
the hospital for treatment.

Depression monitor: Some patients need rehabilitation after
being discharged from the hospital. Thus, we need a depres-
sion diagnosis and the therapeutic system to monitor and
relieve the psychological problems of the patient. And the sys-
tem can make a depression diagnosis, a therapeutic scheme,
interventions, and long-term monitoring to those showing
depression symptoms. Specifically, the depression diagnosis
and treatment system is a dialogue with knowledge graph,nat-
ural language processing, and the instructions of professional
doctors. This dialogue system for depression intervention
records the depression assessment data, discusses key infor-
mation with the patient, and provides a real and natural inter-
action with the user. By chatting with the user who require
psychological treatment, the system accompany them and
help them return to normal life using cognitive behavior ther-
apy and other professional therapies.

Design of diagnostic model: First, text data are marked and
go through word vector training using TF-ID and word2vec.
Then, RF algorithm is used to train the text sentiment data set.
Finally, a text-based depression diagnostic model can be gen-
erated with the rule-based knowledge graph and reasoning
techniques. The dialogue-based depression intervention model
realizes both static and dynamic interaction under different
user statuses and dialogues by comprehensively using the dia-
logue model and the algorithm.

D. Medical Resources Allocation Scheme

Given the rapid spread of COVID-19, it is necessary to pro-
vide medical resources from one to places where the medical
resources are in severe shortage due to the epidemic outbreak.
At the same time, reasonable allocation of donated supplies
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and materials dispatched from other places prevents excess
supplies in some hospitals and the shortages in others.
Distribution of city to city: When the epidemic occurred in
China, Wuhan is the place with the most severe conditions in
China. As a result, many medical resources and medical staff
are dispatched to Wuhan. However, places where such medi-
cal resources and medical staff are provided to Wuhan should
keep sufficient reserves, and the supplies produced by manu-
facturers should be allocated reasonably. Thus, we designed a
city-to-city material distribution plan to provide a reference
for the distribution of materials in the second outbreak of the
epidemic. In this scheme, we assume that city A is the place
where the epidemic outbreaks and needs assistance from cities
B, C, and D. For this purpose, we design an optimization sys-
tem where the target is that city A can obtain the desired sup-
plies on the premise that other regions can guarantee a
sufficient supply of medical supplies for their own use.
Distribution within the city: To realize the reasonable allo-
cation of medical materials and medical staff in a city, we
need design a distribution scheme within the city. Thus, we
first analyze the growth rate of patients admitted to each hospi-
tal using Al algorithms. Then, based on the growth rate and
the demand for medical resources, the scheme protects the
needs of critically ill patients to the maximum extent. To this
end, we design a multi-objective optimization problem. This
optimization problem takes the material satisfaction rate of
each hospital as the target, the constraint condition is less than
the total material storage quantity, and the variable is the
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quantity of each medical material. According to the solution
of the targeted optimization problem, we get the optimal dis-
tribution scheme within the city.

E. System Communication Network

In recent years, with the rapid development of communica-
tion network, our life is increasingly traversed [25]. At pres-
ent, there are more and more kinds and functions of smart
home on the market, such as wearable devices and conversa-
tional systems [26], [27]. We use these smart devices to gather
information about emotional and physical health of our users.

Monitor on patients conditions: We divided the monitor
network of the patients conditions into three parts, i.e., data
collection layer, data processing layer, and network communi-
cation layer. The conditions and blood data of the user is
acquired and later sent to the edge cloud through the wireless
communication network. At the data processing layer, Al
algorithms are adopted to study and analyze the data of users.
Finally, the analysis result is reported to the doctor through
the wireless communication network.

Monitor on the mental health of discharged patients: In the
epidemic period, the government of some countries forbade
their citizens from going outside of their home. It resulted that
the psychologist unable to contact the patient. Thus the sup-
port of network communication techniques is required for the
diagnosis and treatment of depression. Our dialogue system
acquires the dialogue data between the patient and the virtual
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doctor via an online questioner and a video call. Then, we use
machine learning, knowledge graph and other techniques to
analyse the status of users. If the analysis shows symptoms of
depression, they report conditions of patients to family mem-
bers and relatives, who urge the patients to seek psychother-
apy with a remote doctor.

V. EXPERIMENTAL RESULT

In this section, we give the optimal experimental results
concerning the blood-characteristics-based algorithm requir-
ing no nucleic acid test, the algorithm for the classification of
the conditions for patients, and the algorithm for HLOS
prediction.

A. Dataset and Preprocessing

Our data consists of 1103 patients with and without covid-
19. There were 892 patients with COVID-19 and 211 patients
without COVID-19. According to statistics, men account for
51% and patients over 60 years old account for about 53%.
And most of these patients have fever, accounting for about
68% and cough for 70%. In addition, the symptoms of cough
and fever also occur in community-acquired pneumonia. This
indicates that these symptoms can not directly determine
whether the patient is infected with COVID-19. Some patients
have no treatment and the length of stay. There are 575 sam-
ples of state of an illness classification and 621 samples of
hospitalization days.

In the dataset for state of an illness classification, there were
437 patients with mild disease, 125 patients with moderate
disease and 13 patients with severe disease. Each type of
patient has symptoms of fever and cough, which indicates that
these symptoms can not be used to judge the state of patients
after treatment. Almost all severe patients have basic diseases
(such as diabetes, heart disease, etc.), but some patients with
mild diseases also have these basic diseases, so it is not a suffi-
cient and necessary condition for the trend of severe diseases
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to have basic diseases. In the sample of length of hospital stay,
214 people were hospitalized less than 20 days, 339 patients
were hospitalized within [20,40], and 68 patients were hospi-
talized for more than 40 days. In the sample data set, the basic
symptoms and past medical history can not determine HLOS,
so we can judge the length of hospital stay according to the
combination of blood characteristics and past medical history.

Because part of the data is missing, so we need to supple-
ment the missing data, we used the mean interpolation method
to fill in, and then used the maximum and minimum value to
normalize.

B. Algorithm Performance

In the experiment, we use three algorithms, i.e., SVM,
XGBoost and RF. These three algorithms show the highest
accuracy rate in our experiment. In addition, in order to better
evaluate the performance of the algorithm, the precision-recall
(P-R) curve of the algorithm was given, and the area below
the curve was calculated as AP value. The P-R curve is the
relationship between precision and recall. The vertical axis is
precision and the horizontal axis is recall. If the P-R curve of
one algorithm is completely contained by the P-R curve of
another algorithm, then performance of the latter algorithm is
better. The higher the AP value, the better the performance of
the algorithm. In this section, the diagnostic algorithm is
dichotomies, and the other two are tri-classification problems.
For the three classification problems, we set the macro average
P-R curve as the evaluation index of the algorithm.

The confusion matrix and P-R curve of diagnose are shown
in Fig. 5. In this confusion matrix, the accuracy rate of the
algorithm involving XGBoost is 0.97, which is higher than
that of the other algorithms. And the P-R curve of XGBoost is
the P-R curve that contains the other two algorithms. The AP
value of XGBoost is also the largest. According to the report,
under ideal conditions, the nucleic acid test has an accuracy
rate of 0.95. However, such an accuracy rate may decrease if
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the tested person is infected a very long time ago or later, and
the poor attitude of the tested person at the time of specimen-
taking can lead to unsatisfactory sampling and thus result in
lower accuracy rate. Therefore, it is reasonable to diagnose
patients according to their blood characteristics. After we set
up the trained XGBoost algorithm at the edge node, we can
process the big size dataset of diagnostics.

The conditions of the patients are generally divided into
three levels: mild, critical, and severe. As shown in Fig. 6, the
accuracy of XGBoost is 0.71 according to the confusion
matrix, and thus it can be used effectively to divide the
patients. In addition, by comparing the P-R curves and AP val-
ues of the three algorithms, we can see that XGBoost perfor-
mance is more stable.

The HLOS is also classified into three levels: 0-20 days, 20-
40 days, and more than 40 days. As shown in Fig. 7, the

accuracy rate of RF reached 0.80. And the analysis of P-R
curve shows that RF performance is slightly better than SVM
and XGBoost. All these results prove that our system can be
used to classify effectively the HLOS of the patients, and fur-
ther assist the hospital to allocate proper medical resources to
each patient.

VI. DISCUSSION AND FUTURE RESEARCH DIRECTIONS

In this paper, we propose an integrated adjuvant therapy
system for the definitive diagnosis and treatment of patients
using Al algorithms. This system considers not only the illness
conditions of the patient but also their mental health status. In
the future, we will further study the following issues:

The time required for discharged patients to fully recover:
Not all the discharged patients can fully recover back to their
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normal lives. Some of them would still have symptoms, like
general weakness, breathing difficulties, and asthenia, which
require training under the advices of doctors for recovery. We
will make statistics on these conditions, pulmonary infection sta-
tus, and mental health status of the patient during their hospitali-
zation. Moreover, based on the statistical data, use Al
algorithms to analyze the relation between such data and the
time required for such patients to roughly recover to normal life.

Impacts of the epidemic on mental status of peoples: The
outbreak of COVID-19 resulted in the reduction of economic
income and unemployment. Some people lost their relatives
and friends in the epidemic. As a result, some people fall into
a state of psychological sub-health. In future studies, we will
conduct health surveys among the people, make statistics on
their mental status via questionnaires, and analyze their mental
status with Al algorithms to understand the impacts of the epi-
demic on mental status of peoples.

Impacts of the epidemic on the economic income of different
industries: The outbreak of COVID-19 results in less economic
income of most people, but some industries are witnessing
increased income during the epidemic. We will make statistics
on the income status of people engaged in different industries
via questionnaire, and then analyze the impacts of the epidemic
on different industries based on our statistical analysis.

VII. CONCLUSION

In this paper, we first design an adjuvant therapy system
integrating warning, therapy, and post-therapy psychological
intervention. This system used Al technology (e.g., SVM, RF,
XGBoost) to design the diagnosis of patients, disease classifi-
cation, intelligent treatment and healthcare monitoring. In
addition, the use of 5G communication networks can monitor
the psychological state of cured patients. We used real data to
conduct experiments, and the experimental results showed
that our algorithm could confirm whether a patient was
infected with COVID-19, the length of hospital stay of the
patient and the condition more accurately. Therefore, this sys-
tem is capable of assisting the doctor to make a tailored treat-
ment scheme for each patient, so that the system relieve the
work of medical staff in the places hit by the epidemic.
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