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Abstract 
Ideological and political education in courses refers to integrating the ideo-
logical and political education in non-ideological and political course teach-
ing. The content of ideological and political education in courses should focus 
on loving the Party, loving the country, loving socialism, loving the people, 
and loving the collective. Education on socialism with Chinese characteristics 
and the Chinese Dream, socialist core values, legal institution, labor, mental 
health and fine traditional Chinese culture will be integrated into the courses 
teaching. This paper takes the course “Computer Basis” as the object, explores 
the implementation plan of teaching reform of the basic courses for medical 
specialty under the background of ideological and political education in 
courses in the intelligent age. 
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1. Introduction 

Education is the great plan of the country and the Party, and it bears the funda-
mental task of cultivating people with moral integrity. At the National Confe-
rence on Ideological and Political Work in Colleges and Universities, General 
Secretary Xi Jinping stressed that class teaching should be the main channel, and 
all kinds of courses should go in the same direction with ideological and political 
theory courses to form a synergistic effect. Therefore, teaching reform of com-
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puter basic course for medical specialty is imperative. 
The content of ideological and political education in course should focus on 

loving the Party, loving the country, loving socialism, loving the people, and 
loving the collective. Education on socialism with Chinese characteristics and 
the Chinese Dream, socialist core values, legal institution, labor, mental health 
and fine traditional Chinese culture will be integrated into the curriculum 
teaching [1]. 

For medical students, the education of medical ethics should be paid attention 
to in the course teaching. The doctor spirit that includes “respect life, heal the 
wounded and rescue the dying, dedicate, love without borders” also should be 
cultivated. We not only cultivate them exquisite medical skill, but also guide 
them to give top priority to people’s life safety and body health, to respect for the 
patients, to be good at communication, to improve them comprehensive and 
cultural literacy, to enhance their ability to respond to major public health 
emergencies in accordance with the law, and to become a good doctor trusted by 
the Party and people [2]. 

2. The Teaching Reform of Computer Basis Course Is the 
Demands of the Times 

2.1. Current Situation of Computer Basis Teaching for Medical 
Specialty 

At present, the Computer Basis, as a general basic course for freshmen in medi-
cal colleges, mainly covers the history of computer development, composition of 
computer system, operation of Office software, and foundation of computer 
network and so on. For students, the content can neither enhance them profes-
sional skills, nor raise the moral standard of them. 

In college and university, not only ideological and political theory courses, but 
also all specialized courses and basic courses should assume the responsibility of 
quality education for students, “Computer Basis” is no exception. 

2.2. Change the Training Goal of Computer Basis Course 

At this stage, the training goal of Computer Basis course should be changed. In 
teaching, not only computer technology that relates to medical applications 
should be taught, but also the ideological and political elements should be inte-
grated into. Through it, the overall quality of the students can be improved 
greatly. In recent years, the contradiction between doctors and patients has been 
heating up, which is partly caused by the low quality of medical staff. For medi-
cal students, higher quality should be required. Therefore, to help them to set up 
the correct career outlook, it is necessary to strengthen the cultivation of stu-
dents’ quality in the process of school education [3]. 

2.3. The Influence of Intelligent Environment on “Computer Basis” 

In the stage of rapid development of information technology, big data, cloud 
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computing, Internet of Things, artificial intelligence and so on, a series of new 
words are full of our life. Computer technology has been integrated into all 
walks of life. “Internet+” is no longer a new term, the application of computer 
technology in the medical industry is changing with each passing day. 

Although medical students are not required to have specialized computer 
knowledge, they must learn to accept new technologies and applications. Science 
and technology are changing the world and changing the way of thinking of 
human beings. If teachers still impart textbook content step by step, they will not 
meet students’ demand for new knowledge, and also fail to reach the goal of 
moral education. To make the Computer Basis course more interesting and easy 
to understand, teachers should integrate skills and knowledge, ideological and 
political elements, new applications and so on into the class teaching [4]. 

3. Excavation of Ideological and Political  
Education Elements 

First of all, only when teachers understand the contents of ideological and polit-
ical education elements can they be integrated into the teaching process. Gener-
ally speaking, all the knowledge or events that can influence the students to form 
the correct three views are elements of ideological and political education. For 
example, the core socialist values: “prosperity, democracy, civilization, harmony, 
freedom, equality, justice, rule of law, patriotism, dedication, integrity, friend-
ship”, each of them can be integrated into the teaching. To help students to learn 
how to analyze and solve problems, hot events on the Internet can also be used 
as an element of ideological and political education [5]. In short, all the know-
ledge that can instruct students in morality belongs to ideological and political 
education elements. This paper excavates ideological and political elements from 
the following aspects, which should be representative to some extent. 

3.1. Overview of Computer History 

This part mainly introduces the development history of computers. When 
teaching this part, the development process of China’s computer can be focused 
on. From the birth of the first computer in China to the great development of 
information technology today, generations of people have worked hard. In this 
way, students’ national pride and patriotism can be aroused. Besides, students 
can also realize that the convenience brought by science and technology is the 
result of the efforts of several generations, and all the success is not achieved 
overnight. Although China’s computer development started late, it has made 
rapid progress. The supercomputer family developed by China has reached the 
world’s leading level. Some famous Internet companies (Ali, Baidu and Tencent) 
in China at the present stage can also be introduced. The introduction of the 
above content can improve the cultural confidence of the students, stimulate 
their efforts to make some achievements in the future career, and strengthen 
their faith of serving our motherland. 
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3.2. Office Software 

The teaching content of Office software includes three components: Word, Excel 
and PowerPoint. The excavation of ideological and political elements in this part 
is mainly material selection. For example, when teaching Word typesetting, ar-
ticles related to ideological and political education can be selected, so that stu-
dents can imperceptibly absorb the ideological and political education know-
ledge contained in the articles in the process of learning typesetting. The same 
method can also be used in PowerPoint learning. Ask students to finish a PPT 
after class, the content of which must be pillows of the great power, the Chinese 
novel coronavirus epidemic control, the life story of a national hero, etc., which 
is also a method of excavating ideological and political education elements. 

3.3. New Computer Technology and Intelligent Medical System 

Advanced technologies such as big data, the Internet of Things, cloud compu-
ting and artificial intelligence have begun to enter our lives. To broaden the vi-
sion of medical students, introducing the application of new computer technol-
ogy in the medical field is also a kind of ideological and political education. For 
example, intelligent medical system is the specific application of computer 
technology in the medical field, mainly concentrating on the following five as-
pects: medical robot, intelligent drug research and development, intelligent 
diagnosis and treatment, intelligent image recognition, intelligent health man-
agement [6]. 

3.4. Network Security 

Although the network is a virtual environment, it also has the corresponding 
rules of moral behavior. Through the integration of moral education elements, 
guide students to use the Internet in a civilized way, distinguish the true and 
false information in the network, and do not believe rumors and do not spread 
rumors [7]. To cultivate students’ awareness of network security, it is also ne-
cessary to tell students about the network security events around. 

4. Thinking on the Countermeasures of Strengthening  
Ideological and Political Education 

The consistent teaching mode of Computer Basis is: teacher’s explanation - 
teacher’s demonstration - student’s practice. This teaching method has been 
unable to meet the needs of talent training, ideological and political education in 
courses has become inevitable. According to the current teaching situation of 
“Computer Basis” for medical specialty in our college, the following suggestions 
are given. 

4.1. Strengthen the Ideological and Political Education for Teachers 

Teachers should first have noble ideological and political qualities if they want to 
carry out ideological and political education to students. In fact, teachers them-
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selves are the carriers of moral education. A teacher with profound knowledge 
and noble moral character can have an imperceptible education on students 4 
[4]. The teacher’s words and deeds will have an impact on students [8]. 

4.2. Excavate Ideological and Political Elements and Reconstruct 
the Teaching Content 

To Ideological and Politics Education, in course teaching, teachers should exca-
vate deeply the ideological and political elements about computer basis course, 
revise the curriculum syllabus, update the teaching content, prepare lecture 
notes and teaching plans, and integrate ideological and political elements into 
the teaching design and classroom teaching of computer basis course for medical 
specialty. Patriotism, social responsibility, cultural confidence, network security, 
intelligent technology and medical ethics and so on should be run through the 
whole process of teaching. To cultivate students’ patient-centered and people- 
oriented service concept, knowledge teaching and value guidance should be 
combined. 

4.3. Explore the Examination Method That Reflects the Ideological 
and Political Education Effect 

At present, the ideological and political education in courses is still in the explo-
ration stage. Which method is more effective, needs to be verified by the assess-
ment that can reflect the effect of ideological and political education. For specia-
lized courses and basic courses, the traditional assessment content is theoretical 
knowledge, which cannot reflect the effect of ideological and political education 
[9]. Therefore, it is necessary to formulate new assessment standards of Com-
puter Basis course for medical specialty, which should not only examine the 
computer operation ability of the students, but also examine their ideological 
and political level. 

Quality education is related to the national development, and colleges and 
universities shoulder the important responsibility of training qualified socialist 
builders and successors for the country [10], so ideological and political educa-
tion for students is a common teaching task for teachers of all subjects. Based on 
the characteristics of the course “Computer Basis” for medical specialty, this pa-
per analyzes current situation of Computer Basis teaching, introduces excavation 
of ideological and political education elements in the process of teaching, and 
gives some suggestions on strengthening ideological and political education. 
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Abstract 
To study the effect of Yiqi Fanggan Mixture on the anti-stress response and 
immunity of mice, a Chinese herbal compound (composed of some tonic 
Chinese medicine, including astragalus flavone, deep-fried atractylodes ma-
crocephala koidz, fortune eupatorium herb, cyrtomium fortunei, white car-
damom, windproof, dyers woad root, licorice, jobstears seed) was given to the 
mice for intragastric administration once a day for 2 weeks. Mice in each 
group are subjected to normal pressure hypoxia test, swimming test, cold re-
sistance test and high temperature resistance test. Organ index and serum 
hemolysin content of mice were also monitored. The results indicated that 
the Yiqi Fanggan Mixture can improve the survival time of mice under the 
condition of normal pressure hypoxia; prolong the swimming time and high 
temperature resistance time of mice; reduce the death rate of mice under the 
low temperature condition; and improve the activity of serum hemolysin and 
organ index of mice. The results showed that Yiqi Fanggan Mixture could 
improve the ability of anti-stress response and immune ability in mice. 
 

Keywords 
Yiqi Fanggan Mixture, Stress, Immunity, Mice 

 

1. Introduction 

Stress response is an adaptive response produced when the body is stimulated by 
changes of body’s internal and external environment. During stress, a series of 
neuroendocrine reactions will appear, mainly manifested by the excitation of the 
sympathetic nervous system and the increased secretion of adrenocortical hor-
mones by the hypothalamic-pituitary-adrenaline axis (HPA), which is a protec-
tive response. Stress ability is the ability of the body to adapt to various emer-
gency situations. However, just like everything has two sides, persistent and ex-
cessively strong stress response will also cause obvious damage to the body [1], 
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which are mainly manifested in the destruction of the body’s defense system, 
reducing the body’s immunity, and ultimately lose resistance against disease, and 
then lead to disease, especially infectious diseases. 

At present, more and more researches on anti-stress ability tend to focus on 
traditional Chinese medicine. Traditional Chinese medicine and its preparations 
have been reported to have good anti-stress ability [2] [3] [4] and the effect of 
improving body immunity. The experiment, with the Chinese herbal com-
pound—Yiqi Fanggan Mixture—consisted of tonic traditional Chinese medicin-
al such as astragalus flavone, deep-fried atractylodes macrocephala koidz, for-
tune eupatorium herb, cyrtomium fortunei, white cardamom, windproof, dyers 
woad root, licorice, jobstears seed, etc., studies the effects of the Yiqi Fanggan 
Mixture on the anti-stress response and immunity of mice, hoping to provide 
reference for the development of Chinese medicine immune enhancer under the 
background of novel coronavirus disease 2019 (COVID-19). 

2. Materials and Methods 
2.1. Prescription and Preparation [5] 

Preparation: Decoct Prescription: Astragalus flavone 150 g, deep-fried atracty-
lodes macrocephala koidz 100 g, fortune eupatorium herb 100 g, cyrtomium 
fortune 50 g, white cardamom 100 g, windproof 100 g, dyers woad root 100 g, 
licorice 50 g, jobstears seed 100 g. 

Preparation: Decoct the above 9 herbs with water for three times. After 1.5 h 
of the first boiling, 1 h of the second boiling and 1 h of the third boiling, com-
bine the decoction, centrifuge, filter, concentrate the filtrate to 850 ml, add 2 g 
potassium sorbate, mix, fill to 100 ml, and sterilize at 105˚C for 30 min. 

2.2. Animal Grouping and Methods of Administration 

Kunming male mice count 350, clean grade, weight (20 ± 2) g, provided by 
Yangtze University Medical Experimental Animal Center. Of these, 280 mice 
were first modeled and then divided into four groups at random: the large dose 
of the Yiqi Fanggan Mixture group (giving Yiqi Fanggan Mixture at the 5.0 
ml/100g body weight), and the small dose group of the Yiqi Fanggan Mixture 
(giving Yiqi Fanggan Mixture at the 2.5 ml/100g body weight equivalent to con-
centrated crude drug solution), and blank control group (giving the same vo-
lume of physiological saline), and the positive control group (Andolin capsules, 
0.64 g∙kg−1). The remaining 70 mice were used as sham control group (giving the 
same volume of physiological saline). Each group is given intragastric adminis-
tration, 1 time/d for 2 weeks. 

The experimental plan has been approved by the Animal Experimental Ethics 
Committee of Yangtze University. 

2.3. Test of Anti-Stress Ability of Mice 

1) Normal pressure hypoxia test [6]. Taking the five groups of mice, each 
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group (n = 10) of mice placed in a 250 ml bottle containing 20 g of sodium lime. 
Seal the cap with petroleum jelly around it. Observe the time when mice died of 
asphyxiation due to lack of oxygen. The survival time of mice was recorded by 
the criterion of death based on the cessation of breathing of mice. Experiments 
were carried on under 26˚C ± 10˚C. 

2) Cold-resistant test [7]. Taking the five groups of mice, each group has 10 
mice. Put the mice in −5˚C ± 1˚C refrigerator. The animals are removed after 1 
h, counting the survival amount of mice in each group. 

3) High temperature-resistant test [8]. Taking the five groups of mice, each 
group has 10 mice, and the mice were placed in a constant temperature oven at a 
temperature of 45˚C ± 1˚C. Observe the survival time of the mice. 

4) Swimming test [8]. Taking the five groups of mice, each group has 10 mice, 
attached a weight of 7% by body mass to each mice tail, and then individually 
place in a constant temperature tank (45 cm × 40 cm × 22 cm), water tempera-
ture 25˚C ± 1˚C, depth of 20 cm. Observe and record the time of each mouse 
from swimming to no longer surfacing within 20 seconds of sinking (swimming 
time). 

2.4. Immune Testing of Mice 

1) Determination of mouse organ index. The mice were sacrificed with cervic-
al dislocation. Weigh the mouse first, then soak the mouse in 75% alcohol for 3 
min, move the mouse to the ultra-clean workbench, take out the spleen and 
thymus, wipe the blood on the organ with filter paper, weigh the wet weight of 
the organ, and calculate the organ index of the mouse. Mouse organ index = or-
gan weight/body weight (mg/g). 

2) Determination of serum hemolytic pigment of mice. Starting from the 6th 
day before the end of administration, the mice were intraperitoneally injected 
with 0.2 ml of 20% SSRBC every day. After 6 days, the eyeballs were removed for 
blood collection and placed in an anticoagulant centrifuge tube, centrifugated at 
2000 r/min for 10 min at 4˚C. The serum was carefully absorbed and diluted 50 
times with normal saline for testing. 1 ml of 50 times diluted mouse serum was 
in turn added to another 10 ml centrifugal tube, rehydrated (guinea pig serum) 
to 0.5 ml, added 20% SSRBC 0.5 ml, mixed and then placed in 37˚C constant 
temperature water bath for 10 min, and terminated the reaction by ice bath. 
Blank control tube was filled with physiological saline, and the others were 
treated in the same way as example tubes. Read the absorbance value at 540 nm 
wavelength using a photometer. 

3. Results 
3.1. Effects of Yiqi Fanggan Mixture on Anti-Stress Response of 

Mice 

The effect of Yiqi Fanggan Mixture on the anti-stress ability of mice is shown in 
Table 1. As can be seen from Table 1, the Yiqi Fanggan Mixture can signifi-
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cantly prolong the survival time of mice under normal pressure hypoxia, and is 
related to dose. The Yiqi Fanggan Mixture can improve the survival rate of 
mice in cold conditions, prolong the survival time of mice in high temperature 
environment, significantly extend the swimming time of mice, and are all 
dose-related. 

3.2. Effects of Yiqi Fanggan Mixture on Immunity in Mice 
3.2.1. Effect on Mouse Organ Index 
The results of this test are shown in Table 2. Compared with the control group, 
the organ index of the administration group is improved to a certain extent, and 
the difference between the high-dose group and blank control group is statisti-
cally significant blank control group (P < 0.05), but the difference between the 
small dose group and blank control group is not statistically significant (P > 
0.05). 

3.3.2. Effect on Serum Hemolytic Content of Mice 
The effect of Yiqi Fanggan Mixture on serum hemolytic pigment content in mice 
can be seen in Figure 1. Figure 1 shows that compared the high-dose and 
low-dose groups with blank control group, the content of serum hemolytic he-
molyte in mice has a statistical difference (P < 0.05), indicating that the Yiqi 
Fanggan Mixture has a certain effect on improving the activity of serotonin. 

4. Discussion 

Stress is a nonspecific systemic reaction of the body when stimulated by various  
 
Table 1. Effects of Yiqi Fanggan Mixture on anti-stress ability of mice. 

Grouping Quantity 
Survival time under normal  

pressure hypoxia/min 
Number of survivors  

in the cold 
Survival time at  

high temperatures/min 
Swimming  
time/min 

Large dose group 10 34.6 ± 7.5Δ 8Δ 23.6 ± 7.1Δ 29.6 ± 6.5Δ 

Small dose group 10 28.4 ± 6.7Δ 7Δ 21.5 ± 5.2Δ 25.3 ± 6.4Δ 

Blank control group 10 23.4 ± 7.3 5 17.9 ± 5.4 22.6 ± 6.5 

The Positive control group 10 33.7 ± 8.9Δ 8Δ 23.4 ± 7.8Δ 29.3 ± 7.6Δ 

Sham control group 10 44.6 ± 11.9* 15* 31.7 ± 9.6* 38.5 ± 11.4* 

Note: Compared with blank control group, ΔP < 0.05; Compared with the other groups, *P < 0.01. 
 

Table 2. Effects of Yiqi Fanggan Mixture on immune organ index in mice. 

Grouping Thymus index (mg/g) Spleen index (mg/g) 

Large dose group 2.785 ± 0.735Δ 11.026 ± 4.521Δ 

Small dose group 2.521 ± 0.759 10.826 ± 5.264 

Blank control group 2.429 ± 0.573 10.563 ± 4.125 

Positive control group 2.884 ± 1.065Δ 12.279 ± 6.373Δ 

Note: Compared with blank control group, ΔP < 0.05. 
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Figure 1. Effect of Yiqi Fanggan Mixture on serum hemolysin content of mice. 

 
internal and external environmental factors, which is closely related to the 
change of the neuroendocrine system of the body under stimulation, and is 
mainly manifested in the neuroendocrine reaction of the synonymous-adrenal 
myelin and hypothalamus-pituitary-adrenal cortex. According to the pathogene-
sis of traditional Chinese medicine and the theory of pathogenesis, the body’s 
positive gas plays a decisive role in maintaining normal physiological function, 
anti-disease and exorcism and post-disease self-healing [9]. The pathogenesis of 
deficiency syndrome is mainly insufficient positive gas, the physiological func-
tions such as viscera and meridian are weakened, and the ability to resist evil gas 
decreases [10]. Modern pharmacological research also shows that people of defi-
ciency syndrome according to TCM dialect often show the signs of low immune 
function, while tonic Chinese medicine can mostly enhance the body’s non-specific 
immunity, cellular immunity and body fluid immune function [8], thereby im-
proving disease resistance. This study shows that the Yiqi Fanggan Mixture can 
significantly prolong the survival time of mice under normal pressure hypoxia 
and high temperature conditions, prolong the swimming time of mice, reduce 
the mortality rate of mice at low temperature, and show that the Yiqi Fanggan 
Mixture can enhance the mice’s ability to resist hypoxia, oxygen fatigue and im-
prove mice’s ability of anti-stress. 

Immunity is the ability of animals to protect themselves against external ene-
mies, and the strength of immunity can measure the body’s resistance to patho-
genic microorganisms [11]. Serum hemolytic pigment is an important indicator 
of the immune function of animal bodies, and when hemolytic production con-
tent increases, the immunity of mice is also enhanced. The thymus and spleen, 
as important immune organs, play an important role in the regulation of the 
body’s immune function, and the thymus index and spleen index depend on the 
effect of traditional Chinese medicine compound on the immune organs. In this 
experiment, compared with blank control group, there is a statistical difference 
in the content of serum hemolytic pigment in mice (P < 0.05), which shows that 
the Yiqi Fanggan Mixture has a certain effect on the activity of serosolytic he-
molytic pigment. At the same time, the thymus index and spleen index of mice 
in the treatment group are improved, and the difference between the large dose 
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group and blank control group is statistically significant (P < 0.05), indicating 
that the Yiqi Fanggan Mixture could effectively improve the immunity of mice. 

“The treatment of potential diseases” is an important application of traditional 
Chinese medicine, “the treatment of potential diseases” emphasizes that treat 
before the occurrence of diseases, prevention is more important than treatment, 
in advance to take effective preventive measures can prevent the invasion of dis-
eases and evils, avoid the occurrence and development of diseases. It is an im-
portant principle of “the treatment of potential diseases” to support positive gas 
and remove pathogenic factors. Jade screen dispersion is a commonly used im-
portant foundational agent to foster positive gas and drive away evil. There has 
been studies that has functions such as improving immunity, antiviral effect and 
so on, and the jade screen dispersion is often used in pneumonia, common cold, 
viral cold and other respiratory diseases prevention [12] [13]. COVID-19 pre-
vention prescriptions released nationwide show that many prescriptions are 
based on added or subtracted Yupingfeng Powder. [14] [15]. Yiqi Fanggan Mix-
ture is also on the basis of the classical famous prescription yupinfeng powder 
and combining with the characteristics of COVID-19 and regional climate, pop-
ulation constitution characteristics of Jianghan plain to add or subtract. In the 
prescription, Astragalus membranaceus can supply with gas of spleen and lung. 
Pyobaizhu has the function of replenishing gas to invigorate the spleen, helping 
astragalus to cultivate soil and produce gold. Fangfeng can dispel evil and relieve 
the appearance of illness. Perylum and white cardamom play the role of aroma-
tizing dampness and warming up the spleen. Coix seed has the effect of water in-
filtration and invigorating the spleen. Radix isatidis and cyrtomium fortunei 
clear away heat and toxic materials. Liquorice and all the drugs together play 
roles in tonifying gas and solid surface, dampness and spleen, heat and detoxifi-
cation. Most of the medicines in the prescription go through the lung, spleen 
and stomach, focusing on strengthening the gas of the lung and protecting the 
spleen and stomach, so as to achieve the purpose of boosting the healthy gas and 
guarding evil in the outside. At the same time, modern pharmacological research 
shows that a variety of Chinese medicine in the Yiqi Fanggan Mixture has the 
effect of enhancing immunity, anti-viral effect, anti-infection effect and so on, 
such as astragalus flavone polysaccharides, saponins, flavonoids and amino acids 
in astragalus flavone, which can improve immune function, and have a unique 
role in anti-viral effect, anti-infection effect and other aspects [16]; Wind protec-
tion has anti-microbial, anti-inflammatory and immunomodulatory effects [17]; 
Volatile oils, endoester Mixtures, polysaccharides, glycosides and other compo-
nents in white art can achieve anti-inflammatory effects by inhibiting the pro-
duction of cytokines that mediate inflammatory reactions and regulating im-
munity [18]. Licorice has many pharmacological activities, such as antibacterial, 
anti-inflammatory, antiviral, immunomodulation effetcs, etc. [19]. The various 
components of radix isatidis have antibacterial, anti-endotoxin, antiviral and 
immunomodulatory effects, of which the anti-flu virus effect is particularly ob-
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vious [20] [21]. Therefore, this prescription has a pharmacological basis in im-
proving positive gas, enhancing immunity and preventing new coronary pneu-
monia. 
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Abstract 
Purpose: To identify prognostic factors in patients with coronavirus disease 
2019 (COVID-19)-associated severe acute respiratory distress syndrome 
(ARDS). Methods: In this study, we included 45 patients with COVID-19- 
associated ARDS hospitalized at The First Affiliated Hospital of Yangtze 
University in Jingzhou, Hubei, China, between January 22, 2020, and March 
6, 2020. Clinical data and outcomes were reviewed and analyzed according to 
the Berlin definition. Findings: Men were more likely to develop severe 
ARDS than women (11 [91.7%] vs. 1 [8.3%]). Factors associated with severe 
ARDS included sex (male) (hazard ratio [HR], 13.75; 95% confidence interval 
[CI], 1.45 - 130.24), neutrophil count (HR, 55.00; 95% CI, 5.02 - 602.15), 
lymphocyte count (HR, 40.00; 95% CI, 4.83 - 331.00), prothrombin time (HR, 
12.14; 95% CI, 1.19 - 123.62), D-dimer (HR, 11.00; 95% CI, 1.16 - 103.94), to-
tal bilirubin levels (HR, 5.00; 95% CI, 0.93 - 26.79), albumin (HR, 17.5; 95% 
CI, 2.67 - 114.85), blood urea nitrogen levels (HR, 28.60; 95% CI, 2.89 - 
283.06), lactate dehydrogenase levels (HR, 6.00; 95% CI, 1.17 - 30.73), and 
C-reactive protein levels (HR, 15.87; 95% CI, 2.40 - 111.11). Conclusion: La-
boratory indicators, such as neutrophil count and lymphocyte count, could 
play an important role in the diagnosis of severe ARDS and guide clinical de-
cision-making for patients with ARDS. 
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1. Introduction 

Coronavirus disease 2019 (COVID-19) is a recently emerged infectious disease 
caused by a novel coronavirus (2019-nCoV). The disease has spread rapidly 
throughout Wuhan (Hubei province) and the world [1] [2] [3]. Several studies 
reported that patients with severe COVID-19 are more likely to develop acute 
respiratory distress syndrome (ARDS) and have higher mortality [4] [5] [6]. For 
example, among 52 critically ill adult patients with COVID-19 in Wuhan Jin 
Yin-tan hospital (Wuhan, China), 35 patients (67%) developed ARDS, 26 of 
whom (81%) died [4]. Similarly, among 36 COVID-19 patients hospitalized in 
the intensive care unit of Zhongnan Hospital of Wuhan University, 22 (61.1%) 
developed ARDS, 6 of whom (27.2%) eventually died [5]. 

ARDS results from direct (e.g., pneumonia or aspiration) or indirect (e.g., 
extrapulmonary sepsis) lung injury and has a high mortality rate [7]. Clinically, 
patients with ARDS develop severe hypoxemia and hypercapnia, and most die of 
sepsis or multiorgan failure rather than refractory respiratory failure. Hospital 
mortality of 40% has been reported in patients with ARDS [7] [8]. According to 
the Berlin definition, ARDS is classified into three severity levels (i.e., mild, 
moderate, and severe) based on the degree of hypoxemia [9]. However, there are 
no prognostic factors in COVID-19-associated severe ARDS. In this study, we 
evaluated patients with ARDS due to COVID-19 who were admitted to The First 
Affiliated Hospital of Yangtze University in Jingzhou, Hubei, China. The objec-
tive of this case series was to identify prognostic factors in patients with COVID- 
19-associated severe ARDS according to the Berlin definition [9]. The baseline 
ARDS morbidity and mortality reported in this study will be of considerable 
value for the early identification of individuals who are at risk of developing se-
vere ARDS and who are most likely to benefit from further treatment. 

2. Methods 
2.1. Study Design and Participants 

This single-center, retrospective, observational study was conducted at The First 
Affiliated Hospital of Yangtze University (Jingzhou, Hubei Province), a desig-
nated center for the treatment of patients with COVID-19. We retrospectively 
analyzed data from 45 patients with COVID-19 who developed ARDS between 
January 23 and March 6, 2020. Laboratory confirmation of COVID-19 was per-
formed at The First Affiliated Hospital of Yangtze University according to WHO 
interim guidelines [10]. ARDS diagnosis was performed according to the Berlin 
definitions [9]. Patients who died within 24 h of ARDS diagnosis, children, and 
adolescents were excluded. Our analyses included 15 patients with mild ARDS, 
18 with moderate ARDS, and 12 with severe ARDS. All chest CT images were 
reviewed by experienced radiologists. Based on the degree of hypoxemia, ARDS 
severity was determined as mild (200 mmHg < PF ratio ≤ 300 mmHg), moderate 
(100 mmHg < PF ratio ≤ 200 mmHg), or severe (PF ratio < 100 mmHg). This 
retrospective study was approved by the Ethics Committee of the First Affiliated 
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Hospital of Yangtze University (No. K20200102). Verbal consent was obtained 
from all patients. 

2.2. Data Collection 

We reviewed the electronic medical records of all patients with laborato-
ry-confirmed COVID-19. Recorded data included demographic information, 
medical history, exposure history, comorbidities, symptoms, signs, laboratory 
findings, treatments, and outcomes. The majority of clinical data regarding sys-
tolic pressure, respiratory rate, blood routine blood test, coagulation, biochemi-
cal tests, chest CT scans, and partial pressure of arterial oxygen (PaO2)/fraction 
of inspired oxygen (FIO2) were obtained within 24 hours of ARDS diagnosis. 
Shock was defined according to the guidelines of WHO for novel coronavirus 
disease 2019 (COVID-19) [4] [10], while acute kidney injury was diagnosed 
based on serum creatinine levels (KDIGO clinical practice guidelines for acute 
kidney injury, 2012) [11]. Cardiac injury was diagnosed if the serum concentra-
tion of hypersensitive cardiac troponin I (hsTNI) was above the upper limit of 
the reference range (34.2 pg/mL) [4]. All clinical data were reviewed by an expe-
rienced team of physicians. Any missing or uncertain records were collected and 
clarified through direct communication with involved healthcare providers and 
the families of the patients. 

2.3. Statistical Analysis 

Continuous variables were expressed as medians and interquartile range (IQR), 
and comparisons were performed using the Kruskal-Wallis H test. Categorical 
variables were expressed as numbers (%) and compared using the chi-squared 
test or Fisher’s exact test among patients with mild, moderate, and severe ARDS. 
Kaplan Meier plots were created for survival data, and significance in survival 
data was determined using the Mantel-Cox (log-rank) test. Multivariate Cox 
proportional hazard ratio (HR) models were used to identify factors associated 
with ARDS development. All statistical tests were two-sided, with the signific-
ance threshold set at α < 0.05. Statistical analyses were conducted using the SPSS 
software, version 17.0. 

3. Results 
3.1. Clinical Characteristics of Patients 

In this study, we retrospectively analyzed data from 45 COVID-19 patients who 
developed ARDS between January 23 and March 6, 2020; no children or adoles-
cents were included in the study. All study participants were residents of Jing 
Zhou City. The median age was 64 years (IQR, 53 - 73; range, 18 - 88 years); 63 
(IQR, 54 - 72) for patients with mild ARDS, 65 (IQR, 47 - 75) for patients with 
moderate, and 66 (IQR, 52 - 73) for patients with severe ARDS. The ages of the 
three ARDS groups did not differ significantly (p = 0.929). Twenty-two (48.9%) 
patients were older than 65 years (6 [40%] had mild ARDS, 9 [50%] had mod-
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erate ARDS, and 7 [58.3%] had severe ARDS). Twenty-three (51.1%) patients 
were younger than 65 years (9 [60%] had mild ARDS, 9 [50%] had moderate 
ARDS, and 5 [41.7%] had severe ARDS). Severe ARDS was not significantly as-
sociated with age (p = 0.644). Twenty-nine (64.4%) patients were men (mild: 7 
[46.7%], moderate: 11 [61.1%], severe: 11 [91.7%]), and 16 (35.6%) patients were 
women (mild: 8 [53.3%], moderate: 7 [38.9%], severe: 1 [8.3%]). Compared with 
women, men were more likely to develop severe ARDS (11 [91.7%] in men vs. 1 
[8.3%] in women, p = 0.044). Thirty (66.7%) patients had a contact history with 
the epidemic area of Wuhan (mild: 8 [53.3%], moderate: 12 [66.7%], severe: 10 
[83.3%]). Fifteen (33.3%) patients had never left from the epidemic area of 
Jingzhou (mild: 7 [46.7%], moderate: 6 [33.3%], severe: 2 [16.7%]). The median 
duration between the first symptoms and ARDS development was 8 days (IQR, 3 
- 16) (mild: 8 [IQR, 2 - 19], moderate: 7 [IQR, 4 - 16], severe: 7 [IQR, 2 - 15]; 
Table 1). 

Thirty of 45 (66.7%) patients with ARDS had at least one chronic disease, in-
cluding diabetes (n = 4, 8.9%; mild: 1 [6.7%], moderate: 2 [11.1%], severe: 1 
[8.3%]), hypertension (17, 37.8%; mild 6 [40.0%], moderate: 7 [38.9%], severe: 4 
[33.4%]), cardiovascular disease (4, 8.9%; mild: 1 [6.7%], moderate: 2 [11.1%], 
severe: 1 [8.3%]), chronic obstructive pulmonary disease (n = 4, 8.9%; mild: 1 
[6.7%], moderate: 3 [16.7%], severe: 0 [0%]), and cancer (n = 1, 2.2%; mild: 0 
[0%], moderate: 1 [5.6%], severe: 0 [0%]), There was no significant association 
between chronic illness and ARDS severity. Patients with ARDS experienced 
fever (n = 45, 100%; mild: 15 [100%], moderate: 18 [100%], severe: 12 [100%]), 
dry cough (n = 41, 91.1%; mild: 14 [93.3%], moderate: 16 [88.9%], severe: 11 
[91.7%]), dyspnea (n = 33, 73.3%; mild: 8 [53.3%], moderate: 13 [72.2%], severe: 
12 [100%]), vomiting (n = 20, 44.4%; mild: 6 [40%], moderate: 8 [44.4%], severe: 
6 [50%]), fatigue (n = 22, 48.9%; mild: 9 [60%], moderate: 8 [44.4%], severe: 5 
[41.7%]), and chest pain (n = 40, 88.9%; mild: 12 [80%], moderate: 16 [88.9%], 
severe: 12 [100%]). Less frequent symptoms included hemoptysis (n = 1, 2.2%; 
mild: 0 (0%), moderate: 0 [0%], severe: 1 [8.3%]), dorsalgia (n = 6, 13.3%; mild: 
3 [20.0%], moderate: 1 [5.6%], severe: 2 [16.7%]), and diarrhea (n = 8, 17.8%; 
mild: 4 [26.7%], moderate: 3 [16.7%], severe: 1 [8.3%]). Dyspnea was significantly 
more frequent in patients with severe ARDS than in patients with mild or mod-
erate ARDS (mild: 53.3%, moderate: 72.2%, severe: 100%, p = 0.017; Table 1). 

3.2. Comorbidities and Prognosis 

The median systolic pressure was 123 mmHg (IQR, 112 - 152) in all patients 
(mild: 116 mmHg [IQR, 112 - 137], moderate: 124 mmHg [IQR, 113 - 147], se-
vere: 115 mmHg [IQR, 88 - 125]). The median respiratory rate was 30.5 (IQR, 30 
- 35; mild: 30 [IQR, 29 - 31], moderate: 34.5 [IQR, 30.3 - 36.5], severe: 33 [IQR, 
29.3 - 39]). The median pH was 7.45 (IQR, 7.42 - 7.48; mild: 7.42 [IQR, 7.4 - 
7.43], moderate: 7.47 [IQR, 7.45 - 7.49], severe: 7.47 [IQR, 7.42 - 7.48]). The me-
dian PO2 was 68 mmHg (IQR, 55.5 - 75; mild: 75 [IQR, 72 - 80], moderate: 66.4  
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Table 1. Characteristics and symptoms of COVID-19 patients who developed ARDS. 

 
All patients 

(n = 45) 
Mild 

(n = 15) 
Moderate 
(n = 18) 

Severe 
(n = 12) 

p values 

Age, median (IQR), years 64 (53 - 73) 
63 (54 - 

72) 
65 (47 - 

75) 
66 (52 - 73) 0.929 

≤65 23 (51.1%) 9 (60.0%) 9 (50.0%) 5 (41.7%) 
0.644 

>65 22 (48.9%) 6 (40.0%) 9 (50.0%) 7 (58.3%) 

Sex      

Female 16 (35.6%) 8 (53.3%) 7 (38.9%) 1 (8.3%) 0.044 

Male 29 (64.4%) 7 (46.7%) 11 (61.1%) 11 (91.7%)  

Onset of symptom to 
ARDS, median (IQR), days 

8 (3 - 16) 8 (2 - 19) 7 (4 - 16) 7 (2 - 15) 0.944 

Contact history of epidemic area     

Wuhan 30 (66.7%) 8 (53.3%) 12 (66.7%) 10 (83.3%) 0.238 

Jingzhou 15 (33.3%) 7 (46.7%) 6 (33.3%) 2 (16.7%)  

Chronic medical illness 30 (66.7%) 9 (60.0%) 15 (83.4%) 6 (50%)  

Diabetes 4 (8.9%) 1 (6.7%) 2 (11.1%) 1 (8.3%) >0.99 

Hypertension 17 (37.8%) 6 (40.0%) 7 (38.9%) 4 (33.4%) >0.99 

Cardiovascular disease 4 (8.9%) 1 (6.7%) 2 (11.1%) 1 (8.3%) >0.99 

Chronic obstructive 
pulmonary disease 

4 (8.9%) 1 (6.7%) 3 (16.7%) 0 (0%) 0.434 

Cancer 1 (2.2%) 0 (0%) 1 (5.6%) 0 (0%) >0.99 

Current smoking 4 (8.9%) 1 (6.7%) 1 (5.6%) 2 (16.7%) 0.656 

Signs and symptoms      

Fever 45 (100%) 15 (100%) 18 (100%) 12 (100%) >0.99 

Dry Cough 41 (91.1%) 14 (93.3%) 16 (88.9%) 11 (91.7%) >0.99 

Dyspnea 33 (73.3%) 8 (53.3%) 13 (72.2%) 12 (100%) 0.017 

Vomiting 20 (44.4%) 6 (40%) 8 (44.4%) 6 (50%) 0.931 

Fatigue 22 (48.9%) 9 (60%) 8 (44.4%) 5 (41.7%) 0.6 

Chest pain 40 (88.9%) 12 (80%) 16 (88.9%) 12 (100%) 0.35 

Haemoptysis 1 (2.2%) 0 (0%) 0 (0%) 1 (8.3%) 0.272 

Dorsalgia 6 (13.3%) 3 (20.0%) 1 (5.6%) 2 (16.7%) 0.477 

Diarrhea 8 (17.8%) 4 (26.7%) 3 (16.7%) 1 (8.3%) 0.486 

Data are median (IQR), n (%), or n/N (%), where N is the total number of patients with 
available data. P-values for mild, moderate, and severe groups were calculated using the 
χ2 test, Fisher’s exact test, or Kruskal-Wallis H test. 

 
[IQR, 59.5 - 74.3], severe: 53.2 [IQR, 45.6 - 56.8]). The median PCO2 was 35.6 
mmHg (31.8 - 41.1; mild: 40.2 [IQR, 32.8 - 41.4], moderate: 34.3 [IQR, 31.6 - 
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37.2], severe: 35.5 [IQR, 30.4 - 41.2]). The median PO2/FiO2 was 150 mmHg 
(IQR, 92.7 - 218; mild: 228 [IQR, 219.5 - 245], moderate: 138.5 [IQR, 106.3 - 
168.4], severe: 78.3 [IQR, 72.5 - 86.8]) (Table 2). Compared with patients with 
mild and moderate ARDS, patients with severe ARDS had higher median respi-
ratory rate and pH (p = 0.039 for respiratory rate and p = 0.001 for pH). Addi-
tionally, the median PO2 and PO2/FiO2 were significantly lower in patients with 
severe ARDS (p < 0.001 for PO2, and p < 0.001 for PO2/FiO2, respectively) than 
in patients with mild ARDS. The median systolic pressure and PCO2 did not 
differ significantly among the three patient groups (Table 2). On the day of 
ARDS diagnosis, the median Acute Physiology and Chronic Health Evaluation II 
(APACHE II) was 16 (IQR, 12 - 24; mild: 12 [IQR, 10 - 16], moderate: 16 [IQR, 
12 - 20], severe: 28 [IQR, 23 - 37]), the median Glasgow Coma Scale (GCS) was 
14 (IQR, 9 - 15; mild: 15 [IQR, 14 - 15], moderate: 12.5 [IQR, 11.25 - 15], severe: 
8 [IQR, 7 - 15]), and Sequential Organ Failure Assessment score (SOFA) was 4 
(IQR, 3 - 6; mild: 3 [IQR, 2.5 - 4], moderate: 4 [IQR, 3 - 5], severe: 7 [IQR, 5.75 - 
9.25]). Compared with the other two ARDS groups, patients with severe ARDS 
had significantly higher APACHE II, median GCS, and SOFA (p < 0.001 for 
APACHE II; p = 0.025 for GCS; p < 0.001 for SOFA). The SOFA scores of five 
patients with severe ARDS who died were higher than five (Table 2). 

Most COVID-19 patients with ARDS exhibited organ function failure, in-
cluding acute kidney injury (n = 7, 15.6%; mild: 2 [13.3%], moderate: 2 [11.1%], 
severe: 3 [25%]), cardiac injury (n = 9, 20%; mild: 1 [6.7%], moderate: 2 [11.1%], 
severe: 6 [50%]), liver dysfunction (n = 20. 44.4%; mild: 4 [26.7%], moderate: 11 
[61.1%], severe: 5 [41.7%]), hyperglycemia (n = 12, 26.7%; mild: 1 [6.7%], mod-
erate: 6 [33.3%], severe: 5 [41.7%]), pneumothorax (n = 2, 4.4%; mild: 0 [0%], 
moderate: 0 [0%], severe: 2 [16.7%]), shock (n = 5, 11.1%; mild: 0 [0%], mod-
erate: 1 [5.6%], severe: 4 [33.4%]; Table 2). Compared with patients with mild 
and moderate ARDS, patients with severe ARDS had significantly more frequent 
cardiac injury and shock (p = 0.013 for cardiac injury and p = 0.026 for shock; 
Table 2). 

Among the 45 ARDS patients, 24 (53.3%) were treated with high flow nasal 
cannula (mild: 8 [53.3%], moderate: 10 [55.6%], severe: 6 [50.0%]). Forty-five 
(100%) patients received mechanical ventilation (mild: 15 [100%], moderate: 18 
[100%], severe: 12 [100%]), including 40 (88.9%) patients that were on 
non-invasive ventilation and 9 (20%) patients that received invasive mechanical 
ventilation; 15 (33.3%) patients required prone position ventilation (mild: 1 
[6.7%], moderate: 6 [33.3%], severe: 9 [75.0%]). Additionally, 45 (100%) patients 
were treated with the antiviral agents arbidol (mild: 15 [100%], moderate: 18 
[100%], severe: 12 [100%]). Thirty-eight (84.4%) patients received the glucocor-
ticoid methylprednisolone (mild: 12 [80%], moderate: 15 [83.3%], severe: 11 
[91.7%]), and 32 (71.1%) received immunoglobulin (mild: 7 [46.7%], moderate: 
15 [83.3%], severe: 10 [83.3%]). Interferon (thymalfasin), the anti-bacterial agent 
(lopinavir), and chloroquine were administered to 8 (17.8%), 6 (13.3%), and 4  
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Table 2. Comorbidities and prognosis of COVID-19 patients who developed ARDS. 

 
All patients  

(n = 45) 
Mild  

(n = 15) 
Moderate  
(n = 18) 

Severe  
(n = 12) 

p values 

Systolic pressure, median (IQR), mmHg 123 (112 - 152) 116 (112 - 137) 124 (113 - 147) 115 (88 - 125) 0.469 

Respiratory rate, median (IQR) 30.5 (30 - 35) 30 (29 - 31) 34.5 (30.3 - 36.5) 33 (29.3 - 39) 0.039 

PH, median (IQR) 7.45 (7.42 - 7.48) 7.42 (7.4 - 7.43) 7.47 (7.45 - 7.49) 7.47 (7.42 - 7.48) 0.001 

PO2, median (IQR) 68 (55.5 - 75) 75 (72 - 80) 66.4 (59.5 - 74.3) 53.2 (45.6 - 56.8) <0.001 

PCO2, median (IQR) 35.6 (31.8 - 41.1) 40.2 (32.8 - 41.4) 34.3 (31.6 - 37.2) 35.5 (30.4 - 41.2) 0.363 

PO2/FiO2, median (IQR) 150 (92.7 - 218) 228 (219.5 - 245) 138.5 (106.3 - 168.4) 78.3 (72.5 - 86.8) <0.001 

Acute Physiology and Chronic Health 
Evaluation II 

16 (12 - 24) 12 (10 - 16) 16 (12 - 20) 28 (23 - 37) <0.001 

Glasgow Coma Scale score 14 (9 - 15) 15 (14 - 15) 12.5 (11.25 - 15) 8 (7 - 15) 0.025 

Sequential Organ Failure Assessment scores 4 (3 - 6) 3 (2.5 - 4) 4 (3 - 5) 7 (5.75, 9.25) <0.001 

Comorbidities      

Acute kidney injury 7 (15.6%) 2 (13.3%) 2 (11.1%) 3 (25%) 0.592 

Cardiac injury 9 (20%) 1 (6.7%) 2 (11.1%) 6 (50.0%) 0.013 

Liver dysfunction 20 (44.4%) 4 (26.7%) 11 (61.1%) 5 (41.7%) 0.138 

Hyperglycaemia 12 (26.7%) 1 (6.7%) 6 (33.3%) 5 (41.7%) 0.072 

Pneumothorax 2 (4.4%) 0 (0%) 0 (0%) 2 (16.7%) 0.067 

Shock 5 (11.1%) 0 (0%) 1 (5.6%) 4 (33.4%) 0.026 

Treatment      

High flow nasal cannula 24 (53.3%) 8 (53.3%) 10 (55.6%) 6 (50.0%) >0.99 

Mechanical ventilation 45 (100%) 15 (100%) 18 (100%) 12 (100%) >0.99 

Non-invasive 40 (88.9%) 15 (100%) 16 (88.9%) 9 (75.0%) 0.133 

Invasive 9 (20%) 0 (0%) 3 (16.7%) 6 (50%) 0.005 

Prone position ventilation 15 (33.3%) 1 (6.7%) 6 (33.3%) 9 (75.0%) 0.001 

Antiviral agents 45 (100%) 15 (100%) 18 (100%) 12 (100%) >0.99 

Antibacterial agents 6 (13.3%) 0 (0%) 1 (5.6%) 5 (41.7%) 0.004 

Glucocorticoids 38 (84.4%) 12 (80.0%) 15 (83.3%) 11 (91.7%) 0.774 

Inhibitor 4 (8.9%) 2 (13.3%) 2 (11.1%) 0 (0%) 0.551 

Interferon 8 (17.8%) 0 (0%) 3 (16.7%) 5 (41.7%) 0.017 

Immunoglobulin 32 (71.1%) 7 (46.7%) 15 (83.3%) 10 (83.3%) 0.058 

Prognosis      

Hospitalisation 22 (48.9%) 5 (33.3%) 11 (61.1%) 6 (50%) 0.289 

Discharge 16 (35.6%) 9 (60.0%) 6 (33.3%) 1 (8.3%) 0.02 

Death 7 (15.6%) 1 (6.7%) 1 (5.6%) 5 (41.7%) 0.018 

Data are median (IQR), n (%), or n/N (%), where N is the total number of patients with available data. P-values comparing mild, 
moderate, and severe groups were calculated using the χ2 test, Fisher’s exact test, or Kruskal-Wallis H test. 
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(8.9%) patients, respectively (Table 2). Compared with patients with mild ARDS 
and moderate ARDS, patients with severe ARDS were more likely to require in-
vasive mechanical ventilation (p = 0.005), prone position ventilation (p = 0.001), 
antibacterial agents (p = 0.004), and interferon (p = 0.017). Although antiviral 
agents (n = 12; 100%) and glucocorticoids (n = 11; 91.7%) were widely used in 
patients with severe ARDS, there was no significant difference in the frequency 
of the use of these agents among the different groups (Table 2). 

3.3. Survival Curves for Patients with Different ARDS Severity 

Among the 45 patients with ARDS, 22 (48.9%) patients remained hospitalized 
(mild: 5 [33.3%], moderate: 11 [61.1%], severe: 6 [50%]), 16 (35.6%) were dis-
charged (mild: 9 [60.0%], moderate: 6 [33.3%], severe: 1 [8.3%]), and 7 (15.6%) 
died (mild: 1 [6.7%], moderate: 1 [5.6%], severe: 5 [41.7%]). Compared with pa-
tients with mild and moderate ARDS, patients with severe ARDS had a higher 
mortality rate (p = 0.018; Table 2). Among discharged patients (n = 16), the 
median hospital stay was 29 days (IQR, 19.0 - 38.0). Among patients that died of 
ARDS (n = 7), the median duration from admission to death was 14 (IQR, 7 - 
17) days. Kaplan Meier survival analysis showed significant differences between 
patients with different ARDS severity (log-rank tests, p = 0.034) (Figure 1). 

3.4. Laboratory Findings 

Forty-five patients with ARDS had a red blood cell count of 3.81 × 109/L (IQR, 
3.32 - 4.02; mild: 5.78 × 109/L [IQR, 3.9 - 7.2], moderate: 8.2 × 109/L [IQR, 4.8 - 
11.7], severe: 8.99 × 109/L [IQR, 7.25 - 13.22]; p = 0.564), hemoglobin level of 
118 g/L (IQR, 99 - 127; mild: 112.5 [IQR, 96.9 - 125.8], moderate: 116 [IQR, 105 
- 129], severe: 102 [IQR, 87.7 - 120]; p = 0.224), platelet count of 155 g/L (IQR, 
114 - 197; mild: 143 [IQR, 122 - 182.5], moderate: 149.5 [IQR, 101.2 - 194.5], se-
vere: 177.5 [IQR, 140 - 215.7]; p = 0.62), activated partial thromboplastin time of 
27.2 s (IQR, 22.6 - 32.4; mild: 27.2 s [IQR, 22.7 - 30.15], moderate: 27.15 s [IQR,  

 

 
Figure 1. Survival of COVID-19 patients who developed ARDS. Red, green, and blue re-
gions represent 95% CIs for patients with mild ARDS, moderate ARDS, and severe 
ARDS, respectively. 
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22.02 - 33.52], severe: 30.8 s [IQR, 24.75 - 34.1]; p = 0.704), fibrinogen level of 
3.53 g/L (IQR, 2.76 - 4.65; mild: 3.69 [IQR, 3.2 - 4.1], moderate: 3.65 [IQR, 2.64 - 
4.61], severe: 3.13 [IQR, 2.58 - 6.47]; p = 0.981), alanine aminotransferase level 
of 35 U/L (IQR, 18 - 64; mild: 32 [IQR, 18 - 42.5], moderate: 53 [IQR, 29.25 - 
89.5], severe: 32 [IQR, 25.7 - 65.7]; p = 0.296), aspartate aminotransferase level 
of 31 U/L (IQR, 24 - 49; mild: 27 [IQR, 24.5 - 36.5], moderate: 41 [IQR, 26.25 - 
56.75], severe: 33 [IQR, 24.75 - 34.1]; p = 0.155), potassium ion level of 
4.3mmol/L (IQR, 3.9 - 4.7; mild: 4.3 [IQR, 3.95 - 4.65], moderate: 4.2 [IQR, 3.9 - 
4.75]; severe: 4.35 [IQR, 3.9 - 4.7]; p = 0.916), creatine kinase level of 47U/L 
(IQR, 27.5 - 134.5; mild: 37 [IQR, 29.5 - 100.75], moderate: 63 [IQR, 21 - 148], 
severe: 46 [IQR, 33.75 - 99.0]; p = 0.962), creatine kinase-MB level of 16U/L 
(IQR, 10.5 - 20.5; mild: 11.5 [IQR, 9 - 18.75], moderate: 15 [IQR, 12 - 20], severe: 
19 [IQR, 15.5 - 27.0]; p = 0.09), clutamy transpeptidase level of 52U/L (IQR, 24 - 
87; mild: 43 [IQR, 22 - 53], moderate: 52 [IQR, 24 - 92.25], severe: 65 [IQR, 
43.75 - 157.5]; p = 0.087), creatinine level of 65.4 µmol/L (IQR, 58.9 - 79.7; mild: 
75.8 [IQR, 57.4 - 85.7], moderate: 62.45 [IQR, 58.25 - 73.7], severe: 63.9 [IQR, 
61.3 - 79.7]; p = 0.746), high-sensitivity troponin, 8 pg/mL (IQR, 4.5 - 13.5; mild: 
4.9 [IQR, 2.15 - 10.7], moderate: 8.25 [IQR, 4.65 - 12.52], severe: 14.7 [IQR, 5.15 
- 34.97]; p = 0.134), and brain natriuretic peptide 52.7 pg/mL (IQR, 19.5 - 226.8; 
mild: 62.3 [IQR, 20.95 - 194.7], moderate: 30.25 [IQR, 16.05 - 137.5], severe: 
122.5 [IQR, 34.15 - 466.95]; p = 0.21). 

Compared with patients with mild and moderate ARDS, a higher portion of 
patients with severe ARDS had high white blood cell count (all patients: 7.1 × 
109/L, IQR, 5.5 - 10.9; mild: 5.78 × 109/L, IQR, 3.9 - 7.2; moderate: 8.2 × 109/L, 
IQR, 4.8 - 11.7; severe: 8.99 × 109/L, IQR, 7.25 - 13.22; p = 0.009), high neutro-
phil count (all patients: 6.3 × 109/L, IQR, 4.08 - 10.1; mild: 4.48 × 109/L, IQR, 
2.47 - 5.26; moderate: 7.02 × 109/L, IQR, 3.57 - 10.2; severe: 8.24 × 109/L, IQR, 
6.73 - 12.6; p = 0.001), low lymphocyte count (all patients: 0.69 × 109/L, IQR, 
0.42 - 1.1; mild: 1.1 × 109/L, IQR, 0.71 - 1.34; moderate: 0.73 × 109/L, IQR, 0.6 - 
0.9; severe: 0.26 × 109/L, IQR, 0.21 - 0.36; p < 0.001), low lymphocyte percentage 
(all patients: 9.7%, IQR, 3.84% - 17.9%; mild: 18.5%, IQR, 12.3% - 29.35%; mod-
erate: 9.16%, IQR, 7.55% - 15.65%; severe: 2.95%, IQR, 2.475% - 3.93%; p < 
0.001), low albumin levels (all patients: 35.8g/L, IQR, 34.1 - 38.2; mild: 37.4 g/L, 
IQR, 37.75 - 40.7; moderate: 36.6 g/L, IQR, 35.1 - 39.5; severe: 34 g/L, IQR, 31.9 - 
34.4; p = 0.004), prolonged prothrombin time (all patients:11.3 s, IQR, 10.5 - 
11.9; mild: 11.1 s, IQR, 10.75 - 11.7; moderate: 10.5 s, IQR, 9.77 - 11.67; severe: 
11.8 s, IQR, 11.45 - 12.8; p = 0.035), increased D-dimer (all patients: 1.16 mg/L, 
IQR, 0.51 - 3.28; mild: 0.46 mg/L, IQR, 0.34 - 1.15; moderate: 1.15 mg/L, IQR, 
0.63 - 2.18; severe: 7 mg/L, IQR, 4.4 - 17.1; p < 0.001), high total bilirubin levels 
(all patients: 13 mmol/L, IQR, 10.1 - 21.8; mild: 10.7 mmol/L, IQR, 7.7 - 13.7; 
moderate: 13.5 mmol/L, IQR, 11.3 - 17.8; severe: 19.2 mmol/L, IQR, 14.1 - 23.6; 
p = 0.021), high lactate dehydrogenase levels (all patients: 252 U/L, IQR, 208 - 
331; mild: 213 U/L, IQR, 185 - 260; moderate: 260.5 U/L, IQR, 228.7 - 315.5; se-
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vere: 356 U/L, IQR, 256.5 - 466.7; p = 0.009), high blood urea nitrogen levels (all 
patients: 7.06 mmol/L, IQR, 5.04 - 9.8; mild: 5.04 mmol/L, IQR, 3.42 - 5.9; mod-
erate: 6.98 mmol/L, IQR, 5.37 - 9.57; severe: 9.4 mmol/L, IQR, 7.5 - 11.9; p = 
0.003), and high C-reactive protein levels (all patients: 13.6 mg/L, IQR, 3.97 - 
42.01; mild: 7.02 mg/L, IQR, 2.27 - 14.9; moderate: 13.19 mg/L, IQR, 4.39 - 
16.44; severe: 60 mg/L, IQR, 14.5 - 121; p = 0.013; Table 3). 

 
Table 3. Laboratory findings in COVID-19 patients who developed ARDS. 

 
Normal 
range 

All patients 
(n = 45) 

Mild 
(n = 15) 

Moderate 
(n = 18) 

Severe 
(n = 12) 

p  
values 

White blood cell count, ×109 per 
L 

3.5 - 9.5 7.1 (5.5 - 10.9) 5.78 (3.9 - 7.2) 8.2 (4.8 - 11.7) 8.99 (7.25 - 13.22) 0.009 

Neutrophil count, ×109 per L 1.8 - 6.3 6.3 (4.08 - 10.1) 4.48 (2.47 - 5.26) 7.02 (3.57 - 10.2) 8.24 (6.73 - 12.6) 0.001 

Lymphocyte count, ×109 per L 1.1 - 3.2 0.69 (0.42 - 1.1) 1.1 (0.71 - 1.34) 0.73 (0.6 - 0.9) 0.26 (0.21 - 0.36) <0.001 

Lymphocyte percentage, % 20 - 50 9.7 (3.84 - 17.9) 18.5 (12.3 - 29.35) 9.16 (7.55 - 15.65) 2.95 (2.475 - 3.93) <0.001 

Red blood cell count, ×109 per L 3.8 - 5.1 3.81 (3.32 - 4.02) 3.75 (3.16 - 4.02) 3.7 (3.27 - 4.07) 3.91 (3.61 - 4.12) 0.564 

Haemoglobin, g/L 115 - 150 118 (99 - 127) 112.5 (96.9 - 125.8) 116 (105 - 129) 102 (87.7 - 120) 0.224 

Platelet count, ×109 per L 125 - 350 155 (114 - 197) 143 (122 - 182.5) 149.5 (101.2 - 194.5) 177.5 (140 - 215.7) 0.62 

Prothrombin time, s 9.9 - 12.5 11.3 (10.5 - 11.9) 11.1 (10.75 - 11.7) 10.5 (9.77 - 11.67) 11.8 (11.45 - 12.8) 0.035 

Activated partial 
thromboplastin time, s 

23 - 38 27.2 (22.6 - 32.4) 27.2 (22.7 - 30.15) 27.15 (22.02 - 33.52) 30.8 (24.75 - 34.1) 0.704 

D-dimer, mg/L ≤0.50 1.16 (0.51 - 3.28) 0.46 (0.34 - 1.15) 1.15 (0.63 - 2.18) 7 (4.4 - 17.1) <0.001 

Fibrinogen, g/L 1.8 - 3.5 3.53 (2.76 - 4.65) 3.69 (3.2 - 4.1) 3.65 (2.64 - 4.61) 3.13 (2.58 - 6.47) 0.981 

Total bilirubin, mmol/L 2 - 20.4 13 (10.1 - 21.8) 10.7 (7.7 - 13.7) 13.5 (11.3 - 17.8) 19.2 (14.1 - 23.6) 0.021 

Albumin, g/L 35 - 55 35.8 (34.1 - 38.2) 37.4 (37.75 - 40.7) 36.6 (35.1 - 39.5) 34 (31.9 - 34.4) 0.004 

Alanine aminotransferase, U/L 1 - 40 35 (18 - 64) 32 (18 - 42.5) 53 (29.25 - 89.5) 32 (25.7 - 65.7) 0.296 

Aspartate aminotransferase, U/L 2 - 42 31 (24 - 49) 27 (24.5 - 36.5) 41 (26.25 - 56.75) 33 (24.75 - 34.1) 0.155 

Potassium ion, mmol/L 3.5 - 5.5 4.3 (3.9 - 4.7) 4.3 (3.95 - 4.65) 4.2 (3.9 - 4.75) 4.35 (3.9 - 4.7) 0.916 

Creatine Kinase, U/L 26 - 140 47 (27.5 - 134.5) 37 (29.5 - 100.75) 63 (21 - 148) 46 (33.75 - 99.0) 0.962 

Creatine Kinase-MB, U/L ≤20 16 (10.5 - 20.5) 11.5 (9 - 18.75) 15 (12 - 20) 19 (15.5 - 27) 0.09 

Glutamyl transpeptidase, U/L ≤50 52 (24 - 87) 43 (22 - 53) 52 (24 - 92.25) 65 (43.75 - 157.5) 0.087 

Blood urea nitrogen, mmol/L 1.8 - 7.00 7.06 (5.04 - 9.8) 5.04 (3.42 - 5.9) 6.98 (5.37 - 9.57) 9.4 (7.5 - 11.9) 0.003 

Creatinine, μmol/L 44 - 106 65.4 (58.9 - 79.7) 75.8 (57.4 - 85.7) 62.45 (58.25 - 73.7) 63.9 (61.3 - 79.7) 0.746 

Lactate dehydrogenase, U/L 100 - 240 252 (208 - 331) 213 (185 - 260) 260.5 (228.7 - 315.5) 356 (265.5 - 466.7) 0.009 

High-sensitivity troponin, pg/mL ≤34.2 8 (4.5 - 13.5) 4.9 (2.15 - 10.7) 8.25 (4.65 - 12.52) 14.7 (5.17 - 34.97) 0.134 

Brain natriuretic peptide, pg/mL ≤100 52.7 (19.5 - 226.8) 62.3 (20.95 - 194.7) 30.25 (16.05 - 137.5) 122.5 (34.15 - 466.95) 0.21 

C-reactive protein, mg/L ≤8 13.6 (3.97 - 42.01) 7.02 (2.27 - 14.9) 13.19 (4.39 - 16.44) 60 (14.5 - 121) 0.013 

Data are median (IQR), n (%), or n/N (%), where N is the total number of patients with available data. P-values comparing mild, 
moderate, and severe groups were calculated using the χ2 test, Fisher’s exact test, or Kruskal-Wallis H test. 
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3.5. Multivariate Cox Regression Analysis of Prognostic Factors 

Multivariate Cox proportional models were used to identify prognostic factors in 
ARDS; HR values are shown in Table 4. Factors associated with mild ARDS in-
cluded sex male (HR, 2.50; 95% CI, 0.60 - 10.34, p = 0.206), age > 65 (HR, 0.67; 
95% CI, 0.17 - 2.67, p = 0.566), diabetes (HR, 2.62; 95% CI, 0.21 - 10.34, p = 
0.452), hypertension (HR, 1.05; 95% CI, 0.26 - 4.26, p = 0.984), white blood cell 
count (HR, 5.33; 95% CI, 0.89 - 32.16, p = 0.068), neutrophil count (HR, 5.71; 
95% CI, 1.15 - 28.35, p = 0.033), lymphocyte count (HR, 0.57; 95% CI, 0.05 -  

 
Table 4. Multivariate Cox regression of factors associated with ARDS development in 
COVID-19 patients. 

 Mild ARDS Severe ARDS 

 HR (95% CI) p values HR (95% CI) p values 

Sex (female, male) 2.50 (0.60 - 10.34) 0.206 13.75 (1.45 - 130.24) 0.022 

Age (≤65, >65), y 0.67 (0.17 - 2.67) 0.566 1.4 (0.32 - 6.11) 0.654 

Diabetes 2.62 (0.21 - 32.08) 0.452 1.55 (0.09 - 27.36) 0.767 

Hypertension 1.05 (0.26 - 4.26) 0.948 0.79 (0.17 - 3.63) 0.757 

White blood cell count 5.33 (0.89 - 32.16) 0.068 5.71 (0.89 - 36.89) 0.067 

Neutrophil count 5.71 (1.15 - 28.35) 0.033 55.00 (5.02 - 602.15) 0.001 

Lymphocyte count 0.57 (0.05 - 7.00) 0.662 40.00 (4.83 - 331.00) 0.001 

Red blood cell count 1.43 (0.36 - 5.66) 0.611 1.75 (0.40 - 7.66) 0.458 

Haemoglobin 0.39 (0.08 - 1.91) 0.247 0.52 (0.10 - 2.63) 0.432 

Platelet count 0.88 (0.16 - 4.71) 0.876 0.70 (0.11 - 4.59) 0.710 

Prothrombin time, s 2.62 (0.21 - 32.08) 0.452 12.14 (1.19 - 123.62) 0.035 

D-dimer 2.75 (0.63 - 11.97) 0.178 11.00 (1.16 - 103.94) 0.036 

Fibrinogen 0.73 (0.18 - 2.91) 0.653 0.46 (0.10 - 2.01) 0.299 

Total bilirubin 1.25 (0.21 - 7.35) 0.805 5.00 (0.93 - 26.79) 0.06 

Albumin 1.27 (0.26 - 6.27) 0.767 17.5 (2.67 - 114.85) 0.003 

Alanine aminotransferase 2.36 (0.58 - 9.58) 0.231 1.12 (0.25 - 4.97) 0.879 

Aspartate aminotransferase 4.38 (0.88 - 21.71) 0.071 3.57 (0.66 - 19.34) 0.14 

Creatine Kinase 1.82 (0.34 - 9.83) 0.487 1.67 (0.28 - 10.09) 0.578 

Creatine Kinase-MB 1.25 (0.21 - 7.35) 0.805 3.57 (0.66 - 19.34) 0.14 

Glutamyl transpeptidase 1.79 (0.45 - 7.20) 0.408 3.14 (0.68 - 14.50) 0.142 

Blood urea nitrogen 2.28 (0.54 - 9.67) 0.265 28.60 (2.89 - 283.06) 0.004 

Creatinine 2.00 (0.29 - 13.91) 0.484 2.67 (0.37 - 19.06) 0.328 

Lactate dehydrogenase 4.00 (0.94 - 17.11) 0.062 6.00 (1.17 - 30.73) 0.032 

High-sensitivity troponin NA NA 5.67 (0.51 - 62.66) 0.157 

C-reactive protein 2.94 (0.45 - 20.00) 0.261 15.87 (2.40 - 111.11) 0.004 
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7.00, p = 0.662), red blood cell count (HR, 1.43; 95% CI, 0.36 - 5.66, p = 0.611), 
hemoglobin levels (HR, 0.39; 95% CI, 0.08 - 1.91, p = 0.247), platelet count (HR, 
0.88; 95% CI, 0.16 - 4.71, p = 0.876), prothrombin time (HR, 2.62; 95% CI, 0.21 - 
32.08, p = 0.452), D-dimer (HR, 2.75; 95% CI, 0.63 - 11.97, p = 0.178), fibrinogen 
levels (HR, 0.73; 95% CI, 0.18 - 2.91, p = 0.653), total bilirubin levels (HR,1.25; 
95% CI, 0.21 - 7.35, p = 0.805), albumin levels (HR, 1.27; 95% CI, 0.26 - 6.27, p = 
0.767), alanine aminotransferase levels (HR, 2.36; 95% CI, 0.58 - 9.58, p = 0.231), 
aspartate aminotransferase levels (HR, 4.38; 95% CI, 0.88 - 21.71, p = 0.071), 
creatine kinase levels (HR, 1.82; 95% CI, 0.34 - 9.83, p = 0.487), creatine ki-
nase-MB levels (HR, 1.25; 95% CI, 0.21 - 7.35, p = 0.805), glutamyl transpepti-
dase (HR, 1.79; 95% CI, 0.45 - 7.20, p = 0.408), blood urea nitrogen (HR, 2.28; 
95% CI, 0.54 - 9.67, p = 0.265), creatinine levels (HR, 2.00; 95% CI, 0.29 - 13.91, 
p = 0.484), lactate dehydrogenase levels (HR, 4.00; 95% CI, 0.94 - 17.11, p = 
0.062), C-reactive protein levels (HR, 2.94; 95% CI, 0.45 - 20.00, p = 0.261). 
These results suggest that neutrophil count is a significant risk factor associated 
with mild ARDS. 

Factors associated with severe ARDS included age > 65 (HR, 1.4; 95% CI, 0.32 
- 6.11, p = 0.654), diabetes (HR, 1.55; 95% CI, 0.09 - 27.36, p = 0.767), hyperten-
sion (HR, 0.79; 95% CI, 0.17 - 3.63, p = 0.757), red blood cell count (HR, 1.75; 
95% CI, 0.40 - 7.66, p = 0.458), hemoglobin levels (HR, 0.52; 95% CI, 0.10 - 2.63, 
p = 0.432), platelet count (HR, 0.70; 95% CI, 0.11 - 4.59, p = 0.710), fibrinogen 
levels (HR, 0.46; 95% CI, 0.10 - 2.01, p = 0.299), alanine aminotransferase levels 
(HR, 1.12; 95% CI, 0.25 - 4.97, p = 0.879), aspartate aminotransferase levels (HR, 
3.57; 95% CI, 0.66 - 19.34, p = 0.14), creatine kinase levels (HR, 1.67; 95% CI, 
0.28 - 10.09, p = 0.578), creatine kinase-MB levels (HR, 3.57; 95% CI, 0.66 - 
19.34, p = 0.14), glutamyl transpeptidase levels (HR, 3.14; 95% CI, 0.68 - 14.50, p 
= 0.142), creatinine levels (HR, 2.67; 95% CI, 0.37 - 19.06, p = 0.328), and 
high-sensitivity troponin levels (HR, 5.67; 95% CI, 0.51 - 62.66, p = 0.157). Fac-
tors related to the development of severe ARDS included male sex (HR, 13.75; 
95% CI, 1.45 - 130.24, p = 0.022), neutrophil count (HR, 55.00; 95% CI, 5.02 - 
602.15, p = 0.001), lymphocyte count (HR, 40.00; 95% CI, 4.83 - 331.00, p = 
0.001), prothrombin time (HR, 12.14; 95% CI, 1.19 - 123.62, p = 0.035), D-dimer 
levels (HR, 11.00; 95% CI, 1.16 - 103.94, p = 0.036), total bilirubin levels (HR, 
5.00; 95% CI, 0.93 - 26.79, p = 0.06), albumin levels (HR, 17.5; 95% CI, 2.67 - 
114.85, p = 0.003), blood urea nitrogen (HR, 28.60; 95% CI, 2.89 - 283.06, p = 
0.004), lactate dehydrogenase (HR, 6.00; 95% CI, 1.17 - 30.73, p = 0.032), and 
C-reactive protein levels (HR, 15.87; 95% CI, 2.40 - 111.11, p = 0.004) (Table 4). 

4. Discussion 

It has become evident that patients with COVID-19 are at risk of developing 
ARDS [4] [5] [6]. Severe ARDS is associated with increased mortality [9]. How-
ever, there is a lack of prognostic factors in COVID-19-associated severe ARDS. 
In this single-centered, retrospective, observational study, we stratified patients 
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into three groups (mild, moderate, and severe ARDS) according to Berlin sever-
ity definitions. We assessed differences in clinical characteristics and outcomes 
among the different patient groups and found that men were more likely to de-
velop severe ARDS. We also found that patients with severe ARDS were more 
likely to experience severe respiratory failure, sepsis, cardiac injury, and shock. 
Laboratory findings, including high neutrophil counts, low lymphocyte count, 
low albumin levels, prolonged prothrombin time, and high levels of D-dimer, 
lactate dehydrogenase, blood urea nitrogen, and C-reactive protein, were signif-
icantly associated with the risk of severe ARDS development. Laboratory indi-
cators, such as neutrophil count and lymphocyte counts, could play an impor-
tant role in the diagnosis of severe ARDS and guide clinical decision-making for 
patients with ARDS. 

Several studies reported that nearly 70% of patients confirmed with COVID-19 
were men [1] [2]. Moreover, elderly patients have a higher COVID-19-associated 
mortality rate than younger individuals [4]. These findings suggest that older 
men are the most susceptible to COVID-19 infection [2]. Consistently, we found 
that of the 45 enrolled ARDS patients, a high proportion included elderly or 
male patients. Furthermore, we found that males were more likely to develop 
severe ARDS than females (p = 0.044). However, the mechanism underlying this 
phenomenon remains unclear.  

Wu C et al. found that several factors associated with the development of 
ARDS, including fever, comorbidities, AST, creatinine, and glucose levels, were 
not associated with mortality [12]. In this study, we could not find an association 
between ARDS severity and disease signs and symptoms, including fever, dry 
cough, vomiting, fatigue, chest pain, hemoptysis, dorsalgia, and diarrhea). The 
presence of chronic diseases, including diabetes, hypertension, cardiovascular 
disease, chronic obstructive pulmonary disease, and cancer, were also not linked 
to the risk of severe ARDS development. Additionally, we found no association 
between ARDS severity and organ dysfunction, including acute kidney injury, 
liver dysfunction, and hyperglycemia. 

In this study, we found that the incidence of severe ARDS was higher in pa-
tients with low lymphocyte count, elevated white blood cell count, and high 
neutrophil count. Neutrophilia has been observed in the peripheral blood and 
lungs of patients with COVID-19, and neutrophils were identified as the primary 
source of chemokines and cytokines [13] [14] [15] [16]. Patients with severe 
ARDS had a significantly higher neutrophil count compared with patients with 
mild or moderate ARDS. Elevated neutrophil numbers were likely due to host 
immune responses against the virus, contributing to cytokine storm. Lympho-
penia has also been reported in patients with COVID-19 and has been suggested 
as a critical factor associated with disease severity [2] [5] [16] [17]. Consistent 
with previous reports that lymphopenia could increase inflammation [18], we 
found that compared to patients with mild or moderate ARDS, patients with se-
vere ARDS had higher levels of C-reactive protein, a marker of generalized in-
flammation. 

https://doi.org/10.4236/ym.2021.54024


X. W. Wang et al. 
 

 

DOI: 10.4236/ym.2021.54024 262 Yangtze Medicine 
 

Low albumin levels, prolonged prothrombin time, and high D-dimer, lactate 
dehydrogenase, total bilirubin, and blood urea nitrogen levels were associated 
with increased mortality in ARDS patients [4]. The predictive value of albumin 
and lactate dehydrogenase levels may be higher in monitoring the severity and 
course of ARDS in critically ill patients [19]. Previous studies demonstrated that 
prolonged prothrombin time and high D-dimer were associated with excessive 
thrombin generation, inhibition of fibrinolysis, endothelial damage, and capil-
lary leakage, which could increase the severity of ARDS [20]. Consistent with 
these results, we found that low albumin and prolonged prothrombin time, as 
well as high levels of D-dimer, total bilirubin, lactate dehydrogenase, and blood 
urea nitrogen, were significantly associated with the risk of severe ARDS devel-
opment. These results suggest that laboratory findings could provide a powerful 
tool guiding severe ARDS diagnosis. 

In this study, we found that ARDS development was associated with the pres-
ence of various dysfunctions and complications, such as severe respiratory fail-
ure, hypoxemia, sepsis, multiple systemic organ failure, and shock. We also 
found that the respiratory rate and pH were significantly higher in patients with 
severe ARDS, while the median PO2 and PO2/FiO2 were lower. The incidence of 
dyspnea was significantly higher in patients with severe ARDS, who required 
mechanical ventilation more frequently. Additionally, cardiac injury and shock 
were more prevalent among patients with severe ARDS. As patients with ARDS 
often develop severe hypoxemia and hypercapnia and most die of sepsis or mul-
tiorgan failure rather than refractory respiratory failure [7] [8], future studies are 
needed to explore the prognostic value of SOFA scores in patients with COVID-19. 

This study has several limitations. Importantly, this was a single-center study 
with a limited sample size. Potential selection bias may have been introduced 
when identifying factors that influence clinical outcomes, and large multi-center 
studies are required to further define the clinical characteristics and risk factors 
of ARDS development in COVID-19 patients. Furthermore, this was a retros-
pective study; hence, the data of this study permit a preliminary assessment of 
the clinical course and outcomes of ARDS patients with COVID-19, and further 
studies are required to confirm our findings. 

In conclusion, the mortality of COVID-19 patients with severe ARDS is con-
siderably higher than that of patients with mild ARDS symptoms. Men with low 
lymphocyte count, high neutrophil count, prolonged prothrombin time, low le-
vels of albumin, and high levels of D-dimer, lactate dehydrogenase, total biliru-
bin, blood urea nitrogen, and C-reactive protein have a higher risk of developing 
severe ARDS. Laboratory tests could play an important role in the diagnosis of 
severe ARDS and guide treatment decision-making for ARDS patients. 
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Abstract 
Background: Oncolytic herpes simplex virus (oHSV) have been proved effective 
and safe to treat tumors. Glycoprotein D (gD) has been engineered for targeting 
cancer cells and de-targeting normal cells successfully, however, the effectiveness 
and safety of oHSVs still need to be improved. Method: Here we sequenced the 
DNA encoding gD of our recently isolated new strain HSV-1-LXMW and com-
pared the gD amino acid sequence with the gDs of other 7 HSV-1 and 3 HSV-2 
strains. Results: Phylogenetic analysis revealed that HSV-1-LXMW is evolutio-
narily close to HSV-1-Patton and -KOS strains. The gD amino acid sequence 
alignment identified 19 conserved and 8 variable regions. We further predicted 
10 new motifs in HSV gD for the first time and identified motif differences in 
HSV-1 and HSV-2. We summarized the gD-engineered oHSVs and found that 
some of the newly identified gD motifs are actually functional. Conclusion: Our 
results shed light on HSV gD biology and provided new directions for future gD 
functional studies and engineering in order to make better oHSVs. 
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1. Background 

Tumors contain heterogeneous cancer cells, such as tumor stem cells, and tumor 
stromal cells, immune cells in the tumor microenvironment [1]-[6]. The infec-
tion of herpes simplex virus 1 and 2 (HSV-1 and -2) is spread worldwide. The 
infection of HSV-1 often causes oral lesion and is frequently diagnosed in child-
ren, while the HSV-2 causes genital lesion and sexually transmitted diseases [7]. 
HSV in not only a human pathogen, but HSV mutants named oncolytic herpes 
simplex virus (oHSV) can be used to treat cancer [8] [9] [10]. Because the infec-
tion of HSV can induce rapid and efficient cell killing, HSVs have a wide host 
range, and the virus replication and infection can be controlled by effective an-
ti-herpetic agents, HSVs have been widely used as oHSVs [11]-[18]. Targeting 
cancer cells without infecting normal cells is still a big challenge in cancer treat-
ment [19]. Oncolytic viruses provided a new way to retarget to the specific can-
cer cells [20]. For example, Jeeninga et al. used the characteristics that human 
immunodeficiency virus 1 (HIV-1) infects T lymphocytes specifically to con-
struct HIV-1 derived oncolytic viruses to treat the T-cell acute lymphoblastic 
leukemia (T-ALL) [21]. Schneider et al. engineered measles virus to enter cells 
expressing specific receptors for epidermal growth factor or the insulin-like 
growth factor 1, and trigger cell death [22]. T-VEC is engineered by deletion of 
the genes γ34.5 and US11 (ICP47) and insertion of the gene encoding human 
granulocyte macrophage colony-stimulating factor (GM-CSF) [15]. In 2015, the 
US Food and Drug Administration (FDA) proved that T-VEC as the first oHSV 
to treat advanced inoperable malignant melanoma [16]. HSV envelope glyco-
proteins were also engineered to target the special receptors expressed on tumor 
cells [23]. 

The process of virus entering into the host cells includes recognition of virus 
receptors, triggering the fusion process and fusion execution [24]. This process 
needs the glycoprotein D (gD), heterodimer glycoprotein H/glycoprotein L (gH/gL) 
and glycoprotein B (gB), as well as their cognate receptors [25] [26] [27] [28] 
(Figure 1(A)). gD is a glycoprotein that can interact with one of its three recep-
tors, herpes virus entry mediator (HVEM), nectin-1, and 3-O-sulfated heparan 
sulfate (3-OS HS), thus inducing the initiation of entry process [29]-[34]. Re-
ceptor binding leads to the conformational change of gD, which will trigger the 
virus fusion process after activation of the heterodimer gH/gL and gB [35] 
(Figure 1(A)), thus gD is the major tropism determinant. 

The gD protein has been divided into three parts, including the extracellular, 
transmembrane and cytoplasmic domains [36] [37] [38]. gD is made up of 394 
AA and becomes a mature form (369 AA) after cleavage of the 25 AA signal se-
quence at the N-terminal and the transmembrane domain is between AA 317 
and 339 [39]. The gD co-crystal structure revealed that the HVEM binding site 
in the gD is located at amino acids 1 - 37 [40]. The nectin-1 biding site is discon-
tinuous, and the critical residues have been identified at AA 34, 38, 215, 222, and 
223 [41] [42] [43]. The N-terminus (residues 1 - 260) contains the receptors  
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Figure 1. Wild type (A) or gD retargeted (B) HSV enters the cell. 
 

binding sites, while the C-terminus (residues 260 - 310) acts as the pro-fusion 
domain (PFD) that can be used to induce virus infectivity and fusion process 
[44]. A quantity of mutations in gD can abolish the binding of HVEM and 3-OS 
HS with gD at the same time, so these two receptors binding sites in gD are at 
least overlapping in part [45]. However, several mutations aborted the HVEM 
binding to the gD but not nectin-1, so the nectin-1 binding site is discrete from 
HVEM but partially overlapping, and its location is downstream of residue 32 
[36] [41] [43] [45] [46] [47] [48]. The interaction of gD with HVEM or nectin-1 
can lead to displacement of the binding of C-terminus and N-terminus, then 
lead to the structural change of gD [44] [49]. In the process of virus entry into 
host cells, AA 61-218 don’t code executable meanings and the interaction of the 
ligand with its receptor doesn’t need to change the structure of gD [50]. Consis-
tent with reports, mutations the amino acids between 25 - 27 can abolish the 
binding of gD with HVEM and increase the affinity of gD with ncctin-1 [33] 
[45] [51]. 

The majority of oHSV given through systemic route were cleared by neutrali-
zation antibodies and other immune effects [52]. The intralesional injection of 
oHSV limited the oHSV usage in clinics. The effectiveness and safety of oHSV 
still need to be improved. Here we sequenced the DNA encoding gD of our re-
cently isolated new strain HSV-1-LXMW, compared the gD amino acid se-
quence with the other 10 gDs by phylogenetic analysis, amino acid sequence 
alignment, and motif predictions. Our results shed light on HSV gD biology and 
provided new options for future engineering of gD in order to make improved 
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oHSVs. 

2. Materials and Methods 
2.1. HSV Genomic DNA Sequencing Analysis 

A new HSV strain from an oral herpes lesion of a patient in Beijing, named as 
HSV strain LXMW, was isolated earlier [53]. The HSV DNA sequence identifica-
tion was carried out by genomic DNA sequencing as described earlier [53]. Briefly, 
we isolated HSV DNA in our laboratory, high-quality genomic DNA (500 ng) was 
submitted to Beijing Genomics Institute (BGI, http://www.genomics.cn) for se-
quence analysis and Burrows-Wheeler Aligner (BWA) software was used for 
alignment. The genomic sequences of other 10 HSV strains were obtained from 
NCBI Reference Database (Table 1). 

2.2. Phylogenetic Analysis of the gD Amino Acids in HSV-1 and 
HSV-2 

For phylogenetic analysis of the gD amino acid sequences of 11 HSV strains, the 
software MEGA7 was used. The evolutionary history was calculated by means of 
the Maximum Likelihood method option based on the General Time Reversible 
model with “completely deletion”. The bootstrap consensus tree is taken to 
represent the evolutionary history of the taxa analyzed. Branches corresponding 
to partitions reproduced in less than 50% bootstrap replicates are collapsed. Ini-
tial tree(s) for the heuristic search were obtained automatically by applying 
Neighbor-Join and BioNJ algorithms to a matrix of pair wise distances estimated 
using the Maximum Composite Likelihood (MCL) approach, and then selecting  

 
Table 1. HSV strains studied in this article. 

HSV Strain 
Gene Bank 

ID 
Tax-ID Sub-Date gD DNA sequence University, Country 

HSV-1 strain LXMW    138401-139585 
Yangtze University, Jingzhou, 
China 

HSV-1 strain 17 JN555585.1 10299 2011-08-02 138313-141052 Glasgow University, UK 

HSV-1 strain H129 GU734772.1 744249 2010-2-9 138193-140911 Princeton University, USA 

HSV-1 strain RH2 AB618031.1 946522 2011-2-28 136619-137803 Osaka University, Japan 

HSV-1 isolate SC16 KX946970.1 10309 2016-10-30 138699-141443 Severo Ochoa, Spain 

HSV-1 strain Patton isolate MF959544.1 10308 2017-10-11 138199-140937 NYU, New York, USA 

HSV-1 strain F GU734771.1 10304 2010-2-9 138171-140910 Princeton University, USA 

HSV-1 strain KOS JQ673480.1 10306 2012-2-14 138279-139463 University of Kansas, USA 

HSV-2 strain SD90e KF781518.1 1177628 2013-10-25 140686-141867 
Harvard Medical School, Boston, 
USA 

HSV-2 strain HG52 JN561323.2 10315 2011-08-05 141016-143588 University of Glasgow, UK 

HSV-2 strain G KU310668.1 10314 2015-12-16 150357-151400 Einstein College, USA 
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the topology with superior log likelihood value. 

2.3. Alignment of gD Amino Acid Sequences of HSV-1 and HSV-2 
Strains 

The genomic sequences used for analysis were the same as above. The online 
software EMBL-EBI (https://www.ebi.ac.uk) was used to align the gD amino acid 
sequences. Amino acid differences were marked. 

2.4. Prediction of the gD Secondary Structure, Motifs and Function 
Domains 

The online software UCL-CS Bioinformatics (http://bioinf.cs.ucl.ac.uk/) was 
used to predict the secondary structure. The stringent conditions were set as de-
fault by the online program. The online software Phobius  
(https://phobius.sbc.su.se/) was used to predict the gD function domain. We 
predicted the conserved domain of gD in LXMW using the online software 
NCBI (https://www.ncbi.nlm.nih.gov), and the motifs were predicted using the 
online software MEME (http://meme-suite.org/).  

3. Results 
3.1. gD DNA Sequencing of Our New Strain HSV-1-LXMW 

The sequence of gD was determined as follows: 138401ATGGGGGGGGCTGCC 
GCCAGGTTGGGGGCCGTGATTTTGTTTGTCGTCATAGTGGGCCTCCAT
GGGGTCCGCGGCAAATATGCCTTGGCGGATGCCTCTCTCAAGATGGCC
GACCCCAATCGCTTTCGCGGCAAAGACCTTCCGGTCCTGGACCAGCTG
ACCGACCCTCCGGGGGTCCGGCGCGTGTACCACATCCAGGCGGGCCTA
CCGGACCCGTTCCAGCCCCCCAGCCTCCCGATCACGGTTTACTACGCC
GTGTTGGAGCGCGCCTGCCGCAGCGTGCTCCTAAACGCACCGTCGGAG
GCCCCCCAGATTGTCCGCGGGGCCTCCGAAGACGTCCGGAAACAACCC
TACAACCTGACCATCGCTTGGTTTCGGATGGGAGGCAACTGTGCTATC
CCCATCACGGTCATGGAGTACACCGAATGCTCCTACAACAAGTCTCTG
GGGGCCTGTCCCATCCGAACGCAGCCCCGCTGGAACTACTATGACAGC
TTCAGCGCCGTCAGCGAGGATAACCTGGGGTTCCTGATGCACGCCCCC
GCGTTTGAGACCGCCGGCACGTACCTGCGGCTCGTGAAGATAAACGAC
TGGACGGAGATTACACAGTTTATCCTGGAGCACCGAGCCAAGGGCTCC
TGTAAGTACGCCCTCCCGCTGCGCATCCCCCCGTCAGCCTGCCTCTCCC
CCCAGGCCTACCAGCAGGGGGTGACGGTGGACAGCATCGGGATGCTG
CCCCGCTTCATCCCCGAGAACCAGCGCACCGTCGCCGTATACAGCTTG
AAGATCGCCGGGTGGCACGGGCCCAAGGCCCCATACACGAGCACCCT
GCTGCCCCCGGAGCTGTCCGAGACCCCCAACGCCACGCAGCCAGAACT
CGCCCCGGAAGACCCCGAGGATTCGGCCCTCTTGGAGGACCCCGTGGG
GACGGTGGCGCCGCAAATCCCACCAAACTGGCACATCCCGTCGATCCA
GGACGCCGCGACGCCTTACCATCCCCCGGCCACCCCGAACAACATGGG
CCTGATCGCCGGCGCGGTGGGCGGCAGTCTCCTGGCAGCCCTGGTCAT
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TTGCGGAATTGTGTACTGGATGCACCGCCGCACTCGGAAAGCCCCAAA
GCGCATACGCCTCCCCCACATCCGGGAAGACGACCAGCCGTCCTCGCA
CCAGCCCTTGTTTTACTA139585. 

3.2. Translation of HSV-1-LXMW gD DNA Sequence into Amino 
Acids 

We used the DNAMAN software to translate the DNA sequence to amino acids; 
the translation result is shown as follow: 

MGGAAARLGAVILFVVIVGLHGVRGKYALADASLKMADPNRFRGKDLP
VLDQLTDPPGVRRVYHIQAGLPDPFQPPSLPITVYYAVLERACRSVLLNAPS
EAPQIVRGASEDVRKQPYNLTIAWFRMGGNCAIPITVMEYTECSYNKSLGA
CPIRTQPRWNYYDSFSAVSEDNLGFLMHAPAFETAGTYLRLVKINDWTEIT
QFILEHRAKGSCKYALPLRIPPSACLSPQAYQQGVTVDSIGMLPRFIPENQRT
VAVYSLKIAGWHGPKAPYTSTLLPPELSETPNATQPELAPEDPEDSALLEDP
VGTVAPQIPPNWHIPSIQDAATPYHPPATPNNMGLIAGAVGGSLLAALVIC
GIVYWMHRRTRKAPKRIRLPHIREDDQPSSHQPLFY. 

3.3. Phylogenetic Analysis Showed HSV-1-LXMW Is Close to 
HSV-1-Patton and -KOS 

To understand the evolutionary relationship of our HSV strain with other HSV-1 
and HSV-2 strains, a phylogenetic analysis was performed. The gD DNA se-
quence of HSV-1-LXMW together with 7 HSV-1 strains (17, F, H129, RH2, 
SC16, Patton and KOS) and 3 HSV-2 strains (G, HG52 and SD90e) (Table 1) 
were translated to amino acid sequences and analyzed. Our gD is highly similar 
to HSV-1 strains, but there is no significant similarity between the sequences of 
our HSV-1-LXMW and other HSV-2 strains. Our data supported that HSV-1- 
LXMW is an HSV-1 strain. 

Both the phylogenetic tree data (Figure 2(A)) and neighbor network data 
(Figure 2(B)) showed the presence of four groups of clustering structures. Our 
new strain HSV-1-LXMW isolated in Beijing, China is close to strains HSV-1- 
Patton in New York, US and HSV-1-KOS in Princeton, US, and far from the 
strain HSV-1-17 in University of Kansas, USA (Figure 2). The data showed a 
mean distance of approximately 87% among the strains tested collectively. 

3.4. The gD Amino Acid Sequence Alignment Identified 19  
Conserved and 8 Variable Regions 

To understand if the gD amino acid sequences are conserved among HSVs and 
thus likely to be biologically functional, the sequence alignments of the 11 
above-described sequences of HSVs were performed (Figure 3). We found that 
all the HSV-1 gD have 394 amino acids, while there are 393 amino acids in 
HSV-2 strains SD90e and HG52, and 347 amino acids in HSV-2 strain G (Figure 
3). Our results showed that there were fewer mutations among HSV-1 strains in 
the gD amino acids sequences, but there are more variations between HSV-1 and 
HSV-2. Our results identified that there are 2 amino acids of HSV-1-LXMW  
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Figure 2. Phylogenetic analysis of HSV-1-LXMW and 10 other HSV strains. The tree was gener-
ated by neighbor-joining (NJ) method by means of MEGA7. Trees with the maximum log like-
lihood are shown. The percentage of trees in which the associated taxa clustered together is 
shown above the branches. A: The tree is drawn to gage with branch lengths measured in the 
number of substitutions per site. B: The bootstrap consensus tree is taken to represent the evolu-
tionary history of the taxa analyzed. The phylogenic evolutionary tree discovered that the gD in 
HSV-1-XLMW was close to HSV-1-Patton and HSV-1-KOS. 

 
(AA 365 and AA 369), HSV-1 strain patron and strain KOS are different from 
other HSV-1 strains. There are 2 amino acids (AA 25 and AA 367) difference in 
HSV-1 strain 17 from other HSV-1 strains. There are many amino acids of gD in 
HSV-2 are different from HSV-1 strains. The gD of HSV-2 strain G is shorter 
than other HSVs. Both phylogenic analysis and alignment showed that gD ami-
no acids of LXMW are very similar to HSV-1 strain Pattern and HSV-1 strain 
KOS. The gD amino acid sequence alignment identified 19 conserved and 8 va-
riable regions (Figure 3). In addition, there is an arginine cluster in HSV-1  
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Figure 3. The amino acid sequence alignment of gD. 
 

strains RH2, H129, SC16 and F, and all the HSV-2 strains (black boxes in Figure 3). 
The conserved domains among all the gD amino acids of 11 HSVs are marked 

as numbers 1 - 19 and underlined in red and the variable amino acids are 
marked as numbers 1 - 8 underlined in black. The conserved domains predicted 
by NCBI software are marked in gray. The motifs predicted by the online soft-
ware are marked by color boxes. 

3.5. Prediction of the Conserved Domains, Motifs and Secondary 
Structures in gD 

The conserved domains of HSV predicted by NCBI software. 
We used the online NCBI conserved domain database  

(https://www.ncbi.nlm.nih.gov/) to predict the conserved domains of the gDs of 
all the 11 HSVs, and the result is marked in gray (Figure 3). We found that the 
conserved domain in HSV-1 strains 17, Patton, KOS, LXMW and HSV-2 strain 
HG52, sd90e are the same (located at AA 82-206), however, the conserved 
domains in HSV-1 strain H129, RH2, SC16, F are the same (located in AA 
82-206 and 343-373), the conserved domain in HSV-2 strain G is located in 
AA 36-106. 

3.6. The Prediction of gD Function Domains 

To predict the function domains of gD, we used online software Phobius 
(https://phobius.sbc.su.se/). We found that the gD function domains of HSV-1 
strain 17 and LXMW are the same (Figure 4). The signal peptide is located at  
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Figure 4. The gD function domains of HSV-1 strains 17 and LXMW, and HSV-2 strain HG52 were pre-
dicted by the online software. 

 
AA1-25, the non-cytoplasmic domain located in AA26-339, and the transmem-
brane domain is located at AA 340-364, and the cytoplasmic domain is located at 
aa 365-394 (Figure 4). The gD function domains in HSV-2 strain HG52 are as 
follows: The signal peptide is located at AA 1-30, the non-cytoplasmic domain is 
located at AA 31-340, the transmembrane domain is located at AA 341-363, and 
the cytoplasmic domain is located at AA 364-393 (Figure 4). The results are also 
shown in Figure 3. The mutation at AA 25 is located in the signal peptide do-
main and all the other 3 mutation sites in HSV-1 are located in the cytoplasmic 
domain. 

3.7. The Prediction of 10 gD Motifs 

To predict the gD motifs, we used the online software MEME  
(http://meme-suite.org/). The motif amino acids are marked in Figure 5(A) and 
the predicted new motifs are named as 1-10 in Figure 5(B). The results showed  
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(A) 

 
(B) 

Figure 5. (A) The predicted consensus sequences of the 10 motifs in gD of 11 HSV strains; (B) The position of predicted 10 motifs 
in gD of 11 HSV strains. 
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that the motifs of gD in 7 HSV-1 strains 17, H129, RH2, SC16, Patton, KOS, and 
LXMW are the same. HSV-2 strains HG52 and SD90e have the same motifs. The 
main motif differences between HSV-1 and HSV-2 are located in the motifs 8 
and 9. The motifs of gD in HSV-2 strain G is different from any others. All the 
HSV-2 gD lack the motif 9 that is located in the signal peptide of AA 1-15 
(Figure 3 and Figure 5). The HSV stain G also lacks the motif 7 that is located 
in the receptor binding region. The motif 8 in strains HG52 and SD90e is located 
at AA 328-342 and the motif 8 in HSV-1 is located at AA 329-343. The motif 8 is 
near to the transmembrane domain and overlapped with the pro-fusion domain 
located at AA 250/260-310 (AA 275/285-335 in the alignment in Figure 3) [54]. 
The motif 5 is also located in the profusion domain. In addition, all the gDs in 
HSV-2 lack the AA 329 in the motif 8. Most of the gD amino acid mutations 
between HSV-1 and HSV-2 are located in the variable regions 1, 6 and 7, which 
overlapped respectively with the signal peptide and transmembrane domains, 
and with motifs 9, 8 and 6 (Figure 3 and Figure 5). 

3.8. The Prediction of gD Secondary Structures 

We predicted the gD secondary structures of HSV-1 strain 17, LXMW, and 
HSV-2 strain HG52 using the online software UCL-CS Bioinformatics  
(http://bioinf.cs.ucl.ac.uk/). The prediction results are shown in Figure 6. Ac-
cording to the results in HSV-1 strain 17, AA 327-337 form disordered protein 
binding sites, while in HSV-1 strain LXMW, this site locates at AA 327-338. 
Both 2 sites are located in the pro-fusion domain and the motif 8. 

3.9. The gD-Engineered oHSVs 

We summarize the oHSV engineered on the gD to retarget the HSVs to cancer 
cells (Figure 1(B) and Table 2). Zhou et al. first engineered gD to retarget to the 
IL13 α2 receptor (IL13Rα2) and the viruses can enter cells via the IL13Rα2 re-
ceptor [23]. Then Kamiyama et al. engineered the gD in HSV-1 to retarget to the 
urokinase plaminogen activator receptor (uPAR) using the same strategy [55]. 
However, both the engineered HSVs R5111 and R5181 are keeping the ability to 
bind to the HVEM and nectin-1 [23] [55]. Guoying Zhou et al. engineered HSVs 
to retarget to the uPAR, named R5322 and R5141, which cannot bind with 
HVEM/nectin-1 any more [43] [50]. Menotti et al. constructed an oHSV R-LM113 
by replacing the AA 6-38 with single-chain antibody (scFv) to HER2 (human 
epidermal growth factor receptor 2) [56]. Laura Menotti engineered oHSV to 
retarget to HER2, named R-LM249, in which AA 61-218 were replaced by scFv 
to HER2 [57]. Shibata et al. explored the oHSV retargeted to the epithelial cell 
adhesion molecule (EpCAM) [58]. oHSV retargeted to the human epidermal 
growth factor receptor (EGFR) or human carcinoembryonic antigen (CEA) also 
have been explored [59]. Most of the engineering was done in the motif 7. We 
first compared the relationship of engineering sites in gD with conserved re-
gions, domains and motifs. 
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Figure 6. The predicted gD secondary structures of HSV-1 strain 17 and LXMW, and HSV-2 strain HG52. 

4. Discussion 

Studies on HSV gD molecular biology will aid future development of more ef-
fective and safer oHSVs. In this article, for the first time, we did systematic 
comparative sequence analysis of gDs from 8 HSV-1 and 3 HSV-2 strains, in-
cluding our recently isolated new strain HSV-1-LXMW. These comparisons in-
clude phylogenetic analysis, aminoet acid sequence alignment, prediction of 
functional domains, motifs and secondary structures, and reported oHSVs. We 
identified 19 conserved regions, 8 variable regions and 10 new motifs in HSV gD 
and correlated the gD engineering sites with the newly identified motifs, for the 
first time. These findings have important implications on HSV gD biology and 
making better oHSVs. 

The phylogenetic analysis showed that the gD amino acid sequence in HSV-1- 
LXMW isolated in China is close to HSV-1 strains Patton and KOS in USA, 
while our earlier study showed ICP27 is close to HSV-1 strains Patton and H129  
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Table 2. oHSV engineered in gD. 

Virus 
(HSV-1) 

Name Receptor Detargeted 
from 
HVEM/ 
nectin-1 

Mutations in gD 
(corresponding 
sites in Figure 3) 

Conserved 
region in 
gD 

Functional 
domain in 
gD 

Motif 
in gD 

Additional 
modification 

Ref 

Strain 17 R5111 IL13Rα2 - gD: IL-13 inserted 
after AA24 (AA49) 

None Non- 
cytoplasmic 
domain 

7 gCΔ136-152: IL-13 
replaced AA148; 
gBΔ68-77 

[23] 

Strain F 
 

R5141 IL13Rα2 + gD: Replaced aa 
1-32 with 
IL-13(25-57) 

None Non- 
cytoplasmic 
domain 

7 gB: Poly(K) deletion 
gC: replaced the aa 
1-132 with IL-13 

[43] 

Strain F 
 

R5181 uPAR - gD: uPA inserted 
between AA 24 and 
25 (AA49 and 
AA50) 

None Non- 
cytoplasmic 
domain 

7 gC: N-terminal 
domain of 
gC was replaced with 
IL-13  
gBΔ68-77 

[55] 

Strain F 
 

R5322 uPAR + gDΔ1-32 
mutations at AA 34, 
38, 215, 222, 
and 223 in gD, 
62-218 deletion 
(gDΔ25-57, 
mutation at 
AA 59, 63, 
240, 247 
and 248 in 
gD, 87-243 
deletion) 

1, 3-11 Non- 
cytoplasmic 
domain 

1, 2, 4, 
6, 7 

None [50] 

Not 
mentioned 

R-LM113 HER2 + gD: replaced the 
AA 6-38 with scFv 
to HER2 (AA31-63) 

1 Non- 
cytoplasmic 
domain 

7 None [56] 

Not 
mentioned 

R-LM249 HER2 + gD: Replaced the 
AA 61-218 with 
scFv to HER2 
(AA86-243) 

3-11 Non- 
cytoplasmic 
domain 

1, 2, 4, 
6 

None [57] 

Strain KOS KGNEp EpCAM + gD: Replaced the 
AA 2-24 with scFv 
to EpCAM 
(AA27-49) 

None Non- 
cytoplasmic 
domain 

7 gB: a hyperactive 
allele, D285N/A549T 
(gB:NT). 

[58] 

Strain KOS KNE 
(retargeted 
to EGFR) 
KNC 
(retargeted 
to CEA) 

EGFR 
CEA 

+ gD: Replaced the 
AA 2-24 with scFv 
to EGFR or CEA, 
and introduced the 
Y38C to ablate 
responsiveness 
to nectin-1. 
(AA27-49) 

None Non- 
cytoplasmic 
domain 

7 gB: D285N/A549T 
(gB:NT). 

[59] 
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[53]. This suggests that our strain is revolutionarily closer to strain Patton. Our 
identified relatively conserved arginine cluster (RRR residues 365-367) in the 
cytoplasmic domain was reported to be required for the efficient induction of 
plasma membrane projection and viral final envelopment, a function important 
to the viral replication and cell-cell spread [60]. Our literature search identified 
only one study, which reported that the putative HSV gD domains, motifs or 
their functions [60]. The only one such article reported that the putative choles-
terol-binding motif that overlaps HRR is not essential for the gBsyn phenotype 
and cell-to-cell spread in HSV-1 strain KOS [61]. Future studies may focus on 
the functional analysis of our newly identified HSV gD domains and motifs. 

Our phylogenetic analysis showed a mean distance of approximately 87% 
among the strains tested collectively. An earlier study reported that the gDs of 
HSV-1 and HSV-2 show 82% distinctiveness, and are supposed to be similar in 
structure and function [36]. Several studies have further indicated that the gDs 
of HSV-1 and HSV-2 have similar affinities for nectin-1 and are interchangeable 
in virus infection and soluble gD entry inhibition [51] [62] [63]. A report 
showed that the HSV-2 subunit vaccine containing gD can provide protection in 
HSV-1 genital infections but not preventing HSV-2 infection [64]. The authors 
suggest that this phenomenon probably is caused by the 89% gD amino acids 
homology from HSV-1 and -2 [64]. Among the gD receptors, nectin-1 plays a 
more important role in the process of HSV-2 infection at least in murine models 
[65] [66]. Although we still cannot find any reports about engineering the gD in 
HSV-2 to retarget the virus to cancer cells, there are some reports about oHSV-2 
[67] [68] [69]. HSV-2 is reported to have more potent ability to destroy tumor 
cells, more potent virulence in causing necrotizing stromal keratitis, encephalitis, 
and produce higher titers in animal models [70]. Future engineering of HSV-2 
gD may be pursued. 

5. Conclusions 

The ideal route of delivery of oHSV is systemic route, but the production of 
neutralization antibody limits this application [52] [71]. The intralesional injec-
tion of oHSV limits oHSV usage in clinics. To improve oHSV vectors, we can 
engineer the epitopes in gD to reduce the production of neutralization antibody 
[71]. In addition, engineered oHSVs can enter only the cancer cells, but the clin-
ical usage grade viruses should be produced in normal cells. gD can be engi-
neered to retarget to two different receptors, so that the virus can enter both 
cancer and special normal cells [72]. 

Through the understanding of HSV gD, we can engineer the gD to detarget 
from normal cells and retarget to cancer cells more precisely and efficiently, in 
order to make better oHSVs. 
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Abstract 
Objective: To explore the clinical effects of conventional surgery, ultrasound- 
guided microwave ablation and rotational adenomammectomy on the prog-
nosis of benign breast nodules. Methods: 232 cases of patients with benign 
breast nodules confirmed by pathological examination who received surgical 
treatment in the breast surgery department of our hospital from December 
2016 to December 2020 were included. According to the surgical methods, 
they were divided into microwave ablation group (n = 48), conventional sur-
gery group (n = 105) and rotational adenomammectomy group (n = 79). The 
clinical parameters were compared and analyzed between the three groups, 
and the postoperative pain, residual tumor, breast beauty and complication 
rate of the patients were evaluated. Results: Operative time, intraoperative 
blood loss, healing time and postoperative pain in microwave ablation group 
were lower than those of rotational adenomammectomy group (P < 0.05) and 
those of conventional surgery group (P < 0.05). Besides, those in the rotation-
al adenomammectomy group were lower than those in the conventional sur-
gery group (P < 0.05). The residual tumor rates in microwave ablation group 
and rotational adenomammectomy group were 4.17% and 3.80%, respective-
ly. And the difference was not statistically significant (P > 0.05). Both of them 
were lower than 6.66% in conventional surgery group, with statistically sig-
nificant differences (P < 0.05). The effective rates of breast beauty were 
91.67%, 82.28% and 68.58% in the microwave ablation group, the rotational 
adenomammectomy group and the conventional surgery group, respectively. 
And the difference between groups was statistically significant (P < 0.05). The 
rate of postoperative complications in microwave ablation group and rota-
tional adenomammectomy group were 4.17% and 3.80% respectively, both of 
which were significantly lower than 6.66% in conventional surgery group (P < 
0.05). Conclusion: Microwave ablation, rotational adenomammectomy and 
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conventional surgery are effective for the treatment of benign breast tumors. 
Among them, microwave ablation is the best option with many advantages of 
shorter operative time, less intraoperative blood loss, more beautiful breast 
shape, less postoperative pain, a lower residual rate after surgery, and a lower 
complication rate. 
 

Keywords 
Benign Breast Nodules, Microwave Ablation, Surgical Operation, Rotational 
Adenomammectomy, Prognosis 

 

1. Introduction 

Benign breast nodules are a common clinical breast disease. In recent years, the 
incidence rate of breast benign lesions has been increasing year by year, ac-
counting for 60% - 85% [1] [2] in all breast diseases. For many years, the most 
effective treatment for benign breast tumor is surgical resection. In recent years, 
with the continuous improvement of women’s aesthetic requirements, how to 
narrow the surgical incision, reduce postoperative complications, maintain the 
beauty of the breast, and achieve the purpose of treatment has become a research 
hotspot in breast surgery. McMurdo rotational adenomammectomy [3] is widely 
used for the treatment of benign breast nodules, which has the characteristics of 
less trauma, faster healing and good results, but there are still complications such 
as tumor residue and postoperative hematoma [4]. In recent years, along with 
the further development of minimally invasive concept, microwave ablation has 
been gradually applied to the treatment of tumors with ideal efficacy, but its use 
in the treatment of benign breast tumors has been less reported. Based on this, 
this study systematically analyzed and evaluated the effects of microwave abla-
tion, surgery and rotational resection for the treatment of benign breast nodular 
tumors through a clinical control study, which is reported as follows. 

2. Materials and Methods 
2.1. Clinical Data 

232 patients with benign breast nodules treated by elective surgery in breast sur-
gery in our hospital from December 2016 to December 2020 were used as the 
study population. Inclusion criteria: 1) female, diagnosed by imaging and pa-
thological examination, meeting the diagnostic criteria of benign nodules; 2) 
meeting the indications for surgery; 3) volunteering to choose the surgical me-
thod and agreeing to surgery; 4) nodules within 3 cm in diameter [5]; 5) being 
able to cooperate with postoperative follow-up and review. Exclusion criteria: 1) 
other breast lesions, malignant tumors; 2) coagulation mechanism disorders, 
liver and kidney insufficiency; 3) pregnancy and lactation; 4) inability to com-
plete follow-up. The study was approved by the hospital ethics committee. The 
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patients were divided into three groups according to the different surgical me-
thods. The microwave ablation group: age 23 - 50 years, average (37.1 ± 5.2) 
years; nodule diameter 1 - 3 cm, average (1.7 ± 0.3) cm; 32 single cases, 16 mul-
tiple cases; surgical group: age 21-53 years, average (37.5 ± 5.6) years; nodule 
diameter 2 - 3 cm, average (2.1 ± 0.2) cm; 79 single cases, 26 multiple cases In 
the rotational adenomammectomy group, the age ranged from 21 to 55 years, 
with a mean of (38.1 ± 6.2) years; the nodule diameter ranged from 1 to 3 cm, 
with a mean of (1.9 ± 0.2) cm; there were 51 single cases and 28 multiple cases. 
The differences in age, nodule diameter, and number of nodules among the 
three groups were not statistically significant (P > 0.05). 

2.2. Methods 

1) Surgical group: In this group, conventional excision of benign breast no-
dules was performed, and preoperative ultrasound was performed to locate and 
mark the nodule location. After local anesthesia with lidocaine, the skin and 
gland of the affected breast were cut, the nodules were removed and sutured 
layer by layer. 

2) Rotational adenomammectomy group: This group was treated with mam-
motome minimally invasive circumcision. The micromotor minimally invasive 
rotational adenomammectomy system and 8 g rotational adenomammectomy 
knife were used. Preoperative ultrasound examination was performed to clarify 
the size, number and location of the nodules and the direction of needle entry. 
The needle was then inserted into the junction of the nodule and normal tissue 
under ultrasound guidance, and the rotational adenomammectomy (fan-shaped) 
was performed according to the ultrasound prompt until the echogenicity of the 
nodule disappeared. 

3) Microwave ablation group: microwave ablation was performed in this group. 
The microwave ablation instrument with a frequency of 2450 MHz, 18 G disposa-
ble microwave ablation needle and ARIETTA 70 color Doppler ultrasound diag-
nostic instrument with a probe frequency of 8 - 13 MHz were applied. In the su-
pine position, the affected breast was exposed, the location, number and size of the 
nodule were checked, and localized and marked to determine the puncture loca-
tion and direction. 1% lidocaine was used for local anesthesia, and the masses were 
ablated one by one and at multiple points under the guidance of color ultrasound, 
with an output power of 40 W. The ablation time of each mass was 30 - 180 s. Af-
ter the mass was fully covered by heat-generated strong echo, ablation was stopped 
and ultrasound contrast agent was injected through the vein, and there was no 
perfusion in the nodal area, that is, ablation was complete, and ablation continued 
on the contrary. The tip of the puncture needle must be in the ultrasound observa-
ble range during the procedure, moving the ablation and avoiding the nipple. For 
those within 0.5 cm from the skin, posterior space and areola, 0.9% sodium chlo-
ride solution should be injected to increase the tissue thickness for water isolation 
to prevent burning the adjacent tissues. Skin temperature should be paid attention 
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to during the operation, and ice should be applied immediately after the operation 
for 30 min without pressure bandaging. 

2.3. Observation Indexes 

1) Surgery: the operation time, intraoperative bleeding, postoperative healing 
time of the two groups were recorded, and the visual analog method (VAS) was 
applied to assess the pain degree in the postoperative area, with 0 - 10 points, 
and the scores were as follows: 1 - 3 for mild pain, 4 - 6 for moderate pain, and 7 
- 10 for severe pain. 

2) Residual swelling: The residual swelling in the operated area was observed 
by breast ultrasound review at 3 months postoperative follow-up. 

3) Aesthetics of the operated area: the postoperative breast aesthetics were 
evaluated according to the Harris criteria [6] [7] [8]: excellent, both breasts are 
symmetrical, no significant difference, and scar is not obvious and difficult to 
detect; good, both breasts have some difference in appearance and scar is signif-
icant; medium, both breasts have significant difference in appearance and are 
asymmetrical, scar is obvious; poor, both breasts have significant difference in 
appearance and scar is significant, with contracture, hardening and other dis-
comfort, excellent situation was counted. 

4) Complication situation: after the operation, the patients were observed the 
occurrence of complications, mainly skin redness, skin pigmentation, breast 
pain, incision infection, fat liquefaction, etc. 

2.4. Statistical Processing 

SPSS22.0 software was applied for analysis and processing. Normally distributed 
measurement data were analyzed by ( x s± ), and the LSD-t test was used for 
comparison between groups, while the count data were expressed as the number 
of cases (%), and the chi-square test between groups, with P < 0.05 indicating the 
possession of statistical differences. 

3. Results 
3.1. Comparison of Clinical Procedures 

The operating time, intraoperative bleeding, healing time and postoperative pain 
in the microwave ablation group were lower than those in the minimally inva-
sive rotational adenomammectomy group and the surgical group, while the mi-
nimally invasive rotational adenomammectomy group was lower than the con-
ventional surgical group, and the difference was statistically significant (P < 
0.05), as shown in Table 1. 

3.2. Comparison of Postoperative Mass Residuals 

At the 3-month postoperative review, the difference in the residual mass rate was 
not statistically significant (P > 0.05) in the microwave ablation group and the 
minimally invasive rotational adenomammectomy group, but both were lower 
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than the surgical group, and the difference was statistically significant (P < 0.05), 
as shown in Table 2. 

3.3. Comparison of Postoperative Breast Aesthetics 

At 6-month postoperative follow-up, the excellent breast aesthetics rate of 91.67% 
in the microwave ablation group was higher than that of 82.28% in the minimally 
invasive rotation group and 68.58% in the surgical group, and the difference be-
tween the groups was statistically significant (P < 0.05), as shown in Table 3. 

3.4. Comparison of the Occurrence of Postoperative Complications 

The postoperative complication rates were 4.17% and 3.80% in the microwave ab-
lation group and minimally invasive rotational adenomammectomy group, re-
spectively, and 6.66% in the surgical group, with statistically significant differences 

 
Table 1. Comparison of clinical surgical conditions of patients in the three groups ( x s± ). 

Group 
Number 
of cases 

Operating 
time (min) 

Intraoperative 
bleeding volume 

(mL) 

Healing  
time (d) 

Postoperative 
pain level  

(min) 

Microwave ablation group 48 42.72 ± 11.36 2.72 ± 0.81 2.84 ± 0.74 1.74 ± 0.43 

Rotational 
adenomammectomy group 

79 60.81 ± 14.53 5.29 ± 1.34 3.91 ± 0.85 2.15 ± 0.84 

Surgical group 105 78.75 ± 13.06 14.05 ± 2.74 5.50 ± 1.36 5.03 ± 1.25 

T  16.172 9.336 14.062 5.694 

P-value  0.020 0.001 0.001 0.001 

 
Table 2. Comparison of postoperative mass residuals in the three groups (n, %). 

Group Number of cases Postoperative mass residue 

Microwave ablation group 48 2(4.17)a 

Rotational adenomammectomy group 79 3 (3.80)b 

Surgical group 105 7 (6.66) 

Note: aP < 0.05 (X2 4.945) and bP < 0.05 (X2 6.021) compared with the surgical group. 
 

Table 3. Comparison of postoperative breast aesthetics among patients with different procedures (n, %). 

Group 
Number of 

cases 
Excellent Good Moderate Poor 

Excellent 
rate 

Microwave ablation group 48 29 (60.42) 15 (31.25) 4 (8.33) 0 (0) 44 (91.67)ab 

Rotational 
adenomammectomy group 

79 43 (54.43) 22 (27.82) 11 (13.92) 3 (3.80) 65 (82.28)c 

Surgical group 105 40 (38.10) 32 (30.48) 23 (21.90) 10 (9.52) 71 (68.58) 

Note: aP < 0.05 (X2 9.164), bP < 0.05 (X2 10.748) compared with the surgical group and cP < 0.05 (X2 
8.332) compared with the minimally invasive rotational adenomammectomy group. 
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Table 4. Comparison of postoperative complications in patients with different surgical procedures (n, %). 

Group 
Number 
of cases 

Skin redness 
and swelling 

Skin 
hyperpigmentation 

Breast 
pain 

Incision 
infection 

Fat 
liquefaction 

Total number 
of occurrences 

Microwave ablation group 48 2 (4.17) 0 0 0 0 2 (4.17)a 

Rotational 
adenomammectomy group 

79 2 (2.53) 0 1 (1.27) 0 0 3 (3.80)b 

Surgical group 105 3 (2.86) 1 (0.95) 1 (0.95) 2 (1.90) 0 7 (6.66) 

Note: aP < 0.05 (X2 3.362) and bP < 0.05 (X2 5.704) compared with the surgical group. 
 

(P < 0.05), as shown in Table 4. 

4. Discussion 

At present, the effective method of clinical treatment of benign breast nodules is sur-
gical resection. In recent years, along with the continuous improvement of women’s 
aesthetic requirements for maintaining good breast shape, reducing surgical incision, 
reducing scar formation and so on [9] [10], treatment methods are also constantly 
improving. With the birth of minimally invasive technology, it can not only effec-
tively treat benign tumors, but also meet women’s aesthetic requirements. 

The McMurdo rotational adenomammectomy is a minimally invasive tech-
nique commonly used in breast surgery, which is composed of vacuum suction 
pump and a rotational adenomammectomy knife. This operation has the cha-
racteristics of hidden incision, small scar, little influence on the appearance of 
breast, which can greatly reduce the psychological pressure of patients, but there 
are still some shortcomings such as bleeding and residual mass [11] [12]. It was 
found that ultrasound-guided microwave therapy is effective, mainly through 
high temperature so that the mass group length can be protein denaturation and 
coagulative necrosis in the shortest possible time [13]. Compared with tradition-
al surgery, ultrasound-guided minimally invasive treatment has the advantages 
of accurate positioning, strong pertinence, local anesthesia, small trauma, effec-
tive and reliable, especially microwave ablation. Microwave ablation can not on-
ly achieve the same curative effect as minimally invasive rotational adenomam-
mectomy and surgery, but also shorten the ablation time and reduce the pain 
[14]. In addition, microwave thermal effect can also enhance blood circulation in 
the edge area of ablation area, promote local tissue metabolism, improve nutri-
tion, and accelerate tissue repair ability [13]. 

The results of this study showed that the operative time, intraoperative bleed-
ing, healing time, and postoperative pain in the surgical area of patients in the 
microwave ablation group were lower than those in the minimally invasive rota-
tional adenomammectomy group and the surgical group, which was considered 
to be related to the impact of the slow absorption of the postoperative area on 
the review. The rate of excellent postoperative breast aesthetics was significantly 
higher in the microwave ablation group than in the minimally invasive rotation-
al adenomammectomy group and the conventional surgical group, indicating 
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that microwave ablation can restore breast beauty to the greatest extent. This is 
generally consistent with the reports of related studies. In this study, at the 
3-month postoperative review, the residual rate of masses in the microwave ab-
lation and minimally invasive rotational adenomammectomy groups were 4.0% 
and 3.80% respectively, which were lower than the 6.66% in the surgical group, 
and the difference was statistically significant (P < 0.05). Meanwhile, at 6-month 
postoperative follow-up, the excellent rate of breast aesthetics was 91.67% in the 
microwave ablation group, 82.28% in the rotational adenomammectomy group, 
and 68.58% in the surgical group, and the difference between the groups was sta-
tistically significant (P < 0.05). In addition, the postoperative complication rates 
were 4.17% and 3.80% in the microwave ablation group and the rotational ade-
nomammectomy group, respectively, which were significantly lower than the 
6.66% in the surgical group, and the difference was statistically significant (P < 
0.05). From the results of this study, it is clear that the advantages of microwave 
ablation are as follows: first, high precision and safety, which can be accurately 
punctured by ultrasound real-time observation and reduce the damage to sur-
rounding tissues, and the microwave ablation needle entry position, ablation 
power and time can be adjusted according to the nodule size. Second, microwave 
ablation is minimally invasive, fast recovery and scarless: compared with rota-
tional adenomammectomy and surgery, the microwave ablation incision is small 
and no scar remains. Third, the scope of application is wide. Microwave ablation 
is more suitable for the treatment of multiple tumors and has good efficacy for 
larger diameter masses [13] [14] [15] [16]. 

5. Conclusion 

Microwave ablation, surgery, and McMurdo rotational adenomammectomy are 
effective in the treatment of benign breast nodules. However, compared with the 
other two, microwave ablation has many advantages of longer absorption time, 
shorter operation time, less blood loss, no scar and less pain. But it still has some 
limitations, so we should choose the most suitable scheme according to the spe-
cific situation of benign breast nodules. 
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Abstract 
Objective: To observe the changes of fetal umbilical vein (UV) Doppler pa-
rameters in pregnant women with preeclampsia (PE) and analyze their pre-
dictive values for maternal PE. Methods: Forty-six patients with PE who un-
derwent systematic ultrasound examination in our hospital from December 
2017 to May 2021 were included as the subjects, which were divided into two 
groups according to the severity of the disease (23 cases in each group). And 
120 normal pregnant women who underwent health examination in our hos-
pital during the same period were enrolled as the control group. Color Dopp-
ler ultrasonography was used to monitor the umbilical vein flow (QUV), left 
portal vein flow (QLPV), venous catheter flow (QDV), left portal vein (LPV) 
shunt rate and venous catheter (DV) shunt rate. And the sensitivity and spe-
cificity of the related indexes were calculated and analyzed according to the 
gold standard for clinical diagnosis of PE. Results: As the severity of PE in-
creased, the fetal QUV, QLPV and LPV shunt rates decreased, and the QDV 
and DV shunt rates increased, with statistically significant differences com-
pared with the control group (P < 0.05). The specificity and sensitivity of the 
combination of fetal QUV, QLPV, QDV, LPV shunt rate and DV shunt rate 
in predicting PE were higher than those of the indexes used alone (P < 0.05). 
Conclusion: The fetal umbilical vein Doppler parameters QUV, QLPV, 
QDV, LPV shunt rate, and DV shunt rate have some value in predicting PE, 
but their combination showed greater value, as well as higher diagnostic and 
clinical significance. 
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1. Introduction 

Preeclampsia (PE) is a pregnancy-related condition characterized by changes in 
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clinical signs and symptoms such as increased blood pressure and proteinuria 
that appear after 20 weeks of gestation in women [1]. The disease causes differ-
ent degrees of alterations in and damage to the cardiac, renal, hepatic, neurolog-
ical and other organ systems of pregnant women. And it can damage the pla-
centa-fetus, and seriously affect maternal and fetal health, and therefore it is a 
major cause of clinical maternal and fetal death [2]. The pathogenesis of PE is 
complex, and there is no effective and safe treatment method. Therefore, timely, 
accurate and effective monitoring and prevention are of great clinical value. As 
the umbilical vein is the only oxygen supply pathway to the fetus, along with the 
increase of gestational weeks, the fetal oxygen demand will increase due to the 
needs of fetal growth and development, and its blood flow will increase accor-
dingly. In contrast, patients with PE have abnormal blood perfusion to the pla-
centa due to suppressed trophoblast infiltration, impaired spiral artery remode-
ling, vasospasm and placental vascular endothelial cell dysfunction [3]. When 
the fetus is exposed to inadequate blood and oxygen supply to the uteroplacenta, 
some hemodynamic changes occur in the umbilical venous circulation to coun-
teract the inadequate oxygen supply [4]. In this study, we analyzed the efficacy of 
fetal umbilical vein Doppler parameters in the prediction of PE through a con-
trolled clinical study, which is reported below. 

2. Data and Methods 
2.1. General Data 

Forty-six patients with PE who were treated in the obstetrics department of our 
hospital from December 2017 to May 2021 were selected for the study, and were 
divided into mild and severe groups based on the degree of PE, with 23 cases in 
each group. The gestational weeks at the time of the proposed initial diagnosis 
were between 16 - 20 weeks. Inclusion criteria: 1) all had regular antenatal 
checkups at our hospital; 2) 18 - 35 years old with ≥20 weeks of gestational cycle; 
3) intrauterine singleton pregnancy; 4) meeting the diagnostic criteria and sever-
ity classification criteria of PE [5]. Mild: blood pressure ≥ 140/90mmHg com-
bined with proteinuria > 300 mg/24h, may be accompanied by headache and 
abdominal discomfort; severe: blood pressure ≥160/110mmHg, proteinuria > 2 
g/24h, blood creatinine > 106 μmol, oliguria. 5) All were delivered of a baby in 
our hospital. Exclusion criteria: a) combined with other high-risk pregnancy 
factors, such as age, diabetes mellitus, birth canal abnormalities, previous history 
of adverse pregnancy and delivery; b) fetal malformations; c) incomplete clinical 
data. One hundred and twenty healthy pregnant women who were registered at 
the obstetrics department of our hospital and received regular prenatal checkups 
during the same period were used as the control group, all of whom were free of 
chronic hypertension, anemia and other cardiovascular diseases. 

2.2. Methods 

A GE Voluson E8 color Doppler ultrasound diagnostic instrument with a two- 
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dimensional 4C-D convex array probe (frequency 1.5 - 4.6 MHz) was applied. 
Color Doppler ultrasonography was performed on the fetuses in both groups, 
and the pregnant women were instructed to take the supine position, select the 
intra-abdominal segment UV, keep the angle between the ultrasound beam and 
the long axis of blood vessels 0˚ - 30˚, Doppler sampling volume 2 mm, and show 
the standard plane of abdominal circumference on the transverse section of fetal 
abdomen. If the mother felt uncomfortable during the examination, stop the ex-
amination immediately and ask her to lie on her side or rest for a while before 
performing the examination. The fetal images were acquired at rest, frozen after 
satisfactory images were obtained, and the parameters of the umbilical venous 
circulation, such as QUV, QLPV, DV, QDV, QLPV/QUV (LPV shunt rate) and 
QDV/QUV (DV shunt rate), were analyzed by the same senior ultrasonographer. 

Specific operations: 1) UV: the standard plane of abdominal circumference 
was shown on the transverse section of the fetal abdomen, and the UV was seen 
entering the liver along the anterior abdominal wall of the fetus, and the UV 
between the UV into the abdominal cavity more than 2 mm and the venous ca-
theter was selected; 2) LPV: after the UV was found in the standard section of 
the abdomen, the first branch toward the left lobe of the liver was found along its 
course, and the position of the root about 2 mm was selected, and the internal 
diameters of the UV and LPV were measured respectively, and then according to 
the formula. Q = π × (D/2)2 × 0.5 × Vmax [6] to calculate the QUV, QLPV, and 
LPV shunt rates, respectively. 3) The end branches of the umbilical vein were 
traced along the umbilical vein alignment in selected oblique transverse sections 
until the umbilical vein catheter could be observed, its internal diameter was 
measured, and the sampling volume was set at the umbilical vein catheter to ob-
tain the maximum fetal pulse Doppler spectrum in the quiet state, and the 
maximum fetal cardiac systolic blood flow velocity was measured, and then the 
blood flow rate of the umbilical vein catheter QDV was calculated according to 
the formula: 0.7 Vmax-dv × (DDV/2)2 × π [7], where Vmax-dv is the maximum 
flow velocity of the venous catheter and DDV is the internal diameter of the 
umbilical venous catheter. Color Doppler flow imaging was obtained, and the 
pulse Doppler sampling volume was placed at the same site with a sampling vo-
lume of 2 mm, and the angle between the sampling line and the direction of 
blood flow was controlled at 0˚ - 30˚, and the maximum flow velocity (Vmax) 
was measured, and then the LPV shunt rate and DV shunt rate were calculated. 

2.3. Statistical Analysis 

This study was analyzed and processed by SPSS22.0 software. Count data were 
expressed as number of cases (%), with 2-test used for comparison between 
groups; Measurement data were described as ( x s± ), with LSD-t test used for 
comparison between groups. Clinical diagnosis was used as the gold standard to 
analyze the sensitivity and specificity of relevant indexes for predicting PE, with 
P < 0.05 indicating significantly statistical differences. 
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3. Results 
3.1. Comparison of Basic Clinical Conditions of Pregnant Women 

between Groups 

The analysis of clinical data showed that there was no significant difference in 
age, pre-pregnancy body mass index (BMI), gestational week of examination, 
pregnancy and delivery between PE mild group, PE severe group, and the con-
trol group, with no statistical significance (P > 0.05). The detailed results are 
shown in Table 1. 

3.2. Comparison of Fetal Umbilical Vein Circulation Doppler  
Parameters between Groups 

The results of clinical Doppler examination showed that in the PE group, the fetal 
QUV, QLPV and LPV shunt rates were lower than those in the control group, 
while the QDV and DV shunt rates were higher than those in the control group. 
Both of the mild and severe PE groups showed statistically significant differences, 
compared with the normal control group (P < 0.05). As the severity of PE in-
creased, the fetal QUV, QLPV and LPV shunt rates were lower, while the shunt 
rates of QDV and DV were higher in the severe group, compared with the mild 
group, all with statistical significance (P < 0.05). The results are shown in Table 2. 

 
Table 1. Comparison of the basic conditions of pregnant women in the PE and control 
groups ( x s± ). 

Item 
Control group 

(n = 120) 
PE mild group 

(n = 23) 
PE severe group 

(n = 23) 
P-value 

Age (years) 25.67 ± 3.29 26.61 ± 4.08 26.92 ± 4.11 0.175 

Pre-pregnancy BMI 21.64 ± 2.80 22.08 ± 2.93 22.10 ± 2.84 0.083 

Week of pregnancy  
examined (weeks) 

31.80 ± 2.11 32.02 ± 2.32 31.87 ± 2.28 0.204 

Pregnancy times (times) 1.96 ± 0.22 2.03 ± 0.28 1.98 ± 0.27 0.273 

Number of births (times) 0.51 ± 0.11 0.49 ± 0.23 0.49 ± 0.17 0.109 

Note: P > 0.05 compared with normal control group. 
 

Table 2. Comparison of fetal umbilical vein blood circulation Doppler ultrasound parameters indexes in 
each group ( x s± ). 

Group 
Number  
of cases 

QLPV  
(ml/min) 

QDV  
(ml/min) 

QUV  
(ml/min) 

LPV shunt  
rate 

DV shunt  
rate 

Control group 120 46.21 ± 12.17 39.05 ± 12.18 141.83 ± 30.51 0.33 ± 0.04 0.22 ± 0.04 

PE mild group 23 39.17 ± 8.26 55.74 ± 10.62 112.24 ± 40.22 0.24 ± 0.05 0.34 ± 0.11 

PE severe group 23 28.37 ± 6.30 60.82 ± 10.53 108.36 ± 32.22 0.17 ± 0.10 0.42 ± 0.07 

t-value  9.065 6.125 10.811 3.251 4.236 

P-value  0.000 0.000 0.001 0.000 0.000 
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3.3. Fetal Umbilical Vein Blood Circulation Doppler Parameters to 
Predict PE Efficacy 

Clinical Doppler findings showed that using fetal QUV, QLPV, QDV, LPV 
shunt rate, and DV shunt rate alone had higher specificity and sensitivity than 
the combination of them in pregnant women with PE, with statistical signific-
ance (P < 0.05). The results are shown in Table 3. 

4. Discussion 

PE is a disease specific to pregnancy with a prevalence of about 5% - 10% [8]. 
Clinical manifestations are hypertension, proteinuria or other multisystem ab-
normalities after 20 weeks of gestation. The condition is an important contribu-
tor to maternal and fetal morbidity and mortality [9]. Therefore, early predic-
tion, early intervention and timely monitoring of PE are particularly important. 
With the continuous innovation and development of color Doppler ultrasound 
diagnostic technology, its role in prenatal diagnosis is increasing. Due to its 
many advantages over other examinations [10], such that it is safe, noninvasive, 
accurate, reproducible, and can reflect the blood supply of tissues and organs in 
real time, it has been used in the evaluation of PE [11]. 

At present, the clinical pathogenesis of PE is not fully clarified, but it has been 
widely recognized clinically that the placenta is a key factor in the pathogenesis 
of PE [12]. Decreased trophoblast infiltration capacity in the placenta of PE, 
shallow placental implantation, and impaired uterine spiral artery remodeling 
lead to decreased vascular production in the placenta and ultimately to inade-
quate placental perfusion. When the placenta is undersupplied with blood and 
oxygen, changes in hormone levels in the body contribute to an increase in the 
internal diameter of the DV, which leads to an increase in DV shunting, while 
extensive constriction of the intrahepatic portal system occurs, and UV blood is 
redistributed, preferentially flowing through the venous catheter away from the 
liver and towards the heart, reaching the coronary arteries and cerebral circula-
tion, etc., which facilitates the nutrition and oxygen requirements of vital organs 
[13]. 

 
Table 3. Comparison of the efficacy of single and combined prediction of fetal umbilical 
vein circulation Doppler parameters for PE. 

Indicator Sensitivity (%) Specificity (%) 

QUV 75.43a 74.50a 

QLPV 80.40a 73.45a 

QDV 85.90a 85.50a 

LPV Shunt Rate 75.8a 73.20a 

DV Shunt Rate 84.90a 86.45a 

Joint prediction 95.40 98.15 

Note: Comparison with joint predicted PE, aP < 0.05. 
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The umbilical vein is an important channel of fetal blood circulation, supply-
ing highly oxygenated blood flow from the placenta to the fetus, and is responsi-
ble for obtaining the nutrients required for fetal growth and development. Dur-
ing normal pregnancy, along with the maturation of the placenta, the placental 
vessels gradually thicken, the vascular resistance decreases, and the ventricular 
compliance also increases with the decrease of cardiac after load, which results in 
the decrease of end-diastolic pressure and the increase of systolic return flow 
rate; meanwhile, the internal diameter of the DV increases gradually with the 
prolongation of the gestational week, and the UV blood flow increases accor-
dingly. Thus, normal fetal UV blood flow parameters indicators increase with 
increasing gestational weeks. Based on this, the present study attempted to pre-
dict the occurrence of PE by detecting fetal UV blood circulation parameters, 
and then provide guidance and basis for early clinical intervention. 

Clinical studies have found that umbilical vein blood flow predicts fetal 
growth restriction [14] [15] as well as infants younger than gestational age [16] 
and can be used as one of the indicators for fetal birth risk classification [17]. 
Because PE patients are less frequent clinically, they are often overlooked in 
clinical diagnosis, but they are significantly correlated with fetal prognosis, and 
analyzing the correlation between changes in UV circulatory Doppler parame-
ters and different degrees of preeclampsia is a simple, noninvasive, reproducible 
and feasible method for predicting intrauterine distress and hypoxia, which is 
more sensitive and accurate than the currently used fetal monitoring, and it can 
quantify the amount of UV circulatory perfusion, promptly It is important to 
reduce the rate of perinatal disability and improve the quality of perinatal medi-
cine and eugenics. 

The results of this study showed that compared with the control group, fetuses 
in PE groups had significantly higher QDV and DV shunt rate, and significantly 
lower QUV, QLPV and LPV shunt rate. In addition, the severity of PE showed 
positive associations with QDV and DV shunt rate, and negative associations 
with QUV, QLPV and LPV shunt rate. In normal pregnancies, the effect of QUV 
on DV shunts is the greatest, because the placental hormonal effect thickens the 
umbilical vein, causing an increase in blood flow velocity and flow rate, which in 
turn increases the DV shunt rate. In addition, the specificity and sensitivity of 
the combined parameters of fetal QUV, QLPV, QDV, LPV shunt rate, and DV 
shunt rate in predicting PE were 95.40% and 98.15%, respectively, which were 
higher than those of single indicators (P < 0.05). 

5. Conclusion 

In conclusion, the fetal umbilical vein Doppler parameters QUV, QLPV, QDV, 
LPV shunt rate, and DV shunt rate change significantly in pregnant women 
with PE, which have some clinical significance in PE prediction. We found 
that the combination has higher clinical value, which can be used in clinical 
practice. 
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