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The initiation, exploration, and development of hospital-based 
health technology assessment in China: 2005 ‒ 2022

Mi Tang1,§, Xueyan Zhang2,§, Ziping Ye3, Lvfan Feng1, Yan Yang1, Zhiying Hou1, Fei Bai4, 
Xia Lin4, Xinyu Liu5, Hai Yang6, Shanlian Hu7, Peipei Song8,*, Jiangjiang He1,*

1 Shanghai Health Development Research Center, Shanghai, China;
2 Shanghai Municipal Center for Health Promotion, Shanghai, China;
3 School of Public Administration, Hainan University, Hainan, China;
4 National Center for Medical Service Administration, National Health Commission of the People's Republic of China, Beijing, China;
5 Shenzhen Municipal Health Commission, Shenzhen, China;
6 Shanghai Sixth People's Hospital affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China;
7 School of Public Health, Fudan University, Shanghai, China;
8 Center for Clinical Sciences, National Center for Global Health and Medicine of Japan, Tokyo, Japan.

1. Introduction

Health technology refers to a specific product, 
commodity, treatment plan, or knowledge system used 
in the health care system. This includes drugs, medical 
devices, surgery, program plans, hospital management 
systems, and support systems. There are two sides to the 
development and use of health technology. On the one 
hand, its development has helped to improve diagnostic 
capabilities and the ability to prevent and treat disease 
and to improve the quality of life of patients. On the 
other hand, it has also had many negative impacts, such 
as the side effects of health technology, the unreasonable 
and rapid growth of medical costs, and ethical and moral 
issues (1). Health technology assessment (HTA) emerged 
in this context. HTA is a systematic and multidisciplinary 

evaluation of the characteristics of health technologies 
and interventions, including their direct and indirect 
consequences, that aims to determine the value of a 
health technology and to provide guidance on how these 
technologies can be used in health care systems. HTA 
is an important part of the international, national, and 
regional health care decision-making process. However, 
there are still some high-value innovative technologies 
that cannot be implemented in clinical practice in time. 
At the same time, there are some health technologies 
that have low value that are used in clinical practice. 
Hospitals are the main entryway for health technologies, 
but related knowledge and tools to evaluate these 
new technologies are insufficient in hospitals. Thus, 
hospitals have difficulty selecting and using these new 
technologies scientifically. In an era of relatively fixed 

DOI: 10.5582/bst.2023.01013

SUMMARY

Keywords hospital-based health technology assessment, health technology assessment, lean management, 
value-based healthcare, methods of payment, modern hospital management system

A hospital-based health technology assessment (HB-HTA) can provide the evidence needed to inform 
clinical decisions at the administrative level. With the implementation of a new round of medical and 
health care system reforms in China, such as the abolition of medical mark-ups, adoption of modern 
hospital management systems, reform of diagnosis related groups (DRGs) payment, and performance 
evaluations for public hospitals, medical institutions increasingly need HB-HTA. The development of 
HB-HTA in China can be divided into three phases: An initiation phase (2005–2014), a preliminary 
exploratory phase (2015–2017), and a rapid development phase (2018–present). HB-HTA has been 
used to manage medical consumables, medical devices, and medicines, but there are still problems 
and challenges in terms of concept recognition, the mode of development, and limited professionals 
and data. To promote and use HB-HTA in developing countries, we have identifies the development 
paths and recommendations for implementation based on a case study in China, which can be 
summarized as follows: enhancing the top-level design of HB-HTA, formulating HB-HTA guidelines, 
further promoting the main ideas of HB-HTA, concentrating on the training of evaluation personnel, 
establishing an HB-HTA network and paying attention to the flexibility of HB-HTA in the application 
process, and multi- stakeholder participation.
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and diminishing hospital budgets, hospital administrators 
need to provide the best care at the lowest cost, which 
means they must maximize the value of hospital inputs 
(2). Hence, the use of HTA at the hospital level is 
becoming more widespread in the selection of, admission 
to, and use of new technologies (3,4). Hospitals 
increasingly want to use HTA to optimize their resources 
through systematic multidisciplinary evidence-based 
management of health technologies (5).
 Since the introduction of the concept of HTA in 
the 1980s, a wealth of research has been conducted in 
China. However, most of the current HTA guidelines are 
formulated at the national or regional level. Hospitals 
of different levels, types, and scales have different 
information needs for HTA, the methods and tools for 
obtaining and utilizing technical information differ, 
and they follow different guidelines and make different 
decisions. A survey found that hospital administrators 
and clinicians generally believe that HTA reports from 
national or regional research institutes are not sufficiently 
relevant to hospitals' daily clinical management (6). 
Hospital administrators usually need faster access to 
HTA information to support decision-making, while HTA 
reports from national or regional research institutes often 
take a long time, so the hospitals' decision-making needs 
cannot be met in a timely manner (7).
 Based on the hospital setting specifically, hospital-
based HTA (HB-HTA) aims to help hospitals make 
decisions on various health technologies via HTA. It 
can provide hospital managers with evidence to assess 
whether the hospital needs to adopt a new technology, 
so that the hospital can avoid introducing inappropriate 
technology or reduce its unnecessary use, optimize 
purchasing decisions, improve the efficiency with 
which healthcare resources are allocated (8). With the 
continued progress of China's new round of medical and 
health care system reforms, compensation mechanism 
for public hospitals requires the control of the growth 
of unreasonable medical costs at medical institutions 
(9), and the creation of a hierarchical medical system 
requires the establishment of a framework for value-
based care (10). In particular, "Healthy China 2030" 
proposes to create a modern system of public hospital 
management (e.g., comprehensive budget management) 
(11). At the same time, the method of paying health 
insurance has changed from a post-payment system 
to a pre-payment system (such as a total prepayment 
system or individual payment) or a bundled payment 
system (such as payment by disease type or payment 
by diagnosis related groups (DRGs)) (12). Many profit 
centers in the former economic operation of hospitals 
have transformed into cost sources, requiring hospital 
managers to allocate resources based on evaluation 
of the value of a health technology in the hospital 
environment in order to effectively control costs and 
improve quality. At the same time, in the context of 
reforms to "streamline administration, delegate power, 

strengthen regulations, and improve care", hospitals 
have greater autonomy to make various decisions. In 
2015, the former National Health and Family Planning 
Commission revoked approval for admission to clinical 
use of class-three medical technology, clearly indicating 
that "medical institutions have the main responsibility for 
the clinical use and management of their own medical 
technologies" (13). In this context, HB-HTA needs to 
be adopted to create an evidence-based management 
system for hospitals and to improve the scientific level of 
hospital decision-making. However, the implementation 
of HB-HTA in China is still in its development stage, and 
there are still many problems and challenges. This paper 
aims to systematically review the development process, 
current status, and challenges of HB-HTA in China and 
to summarize the development paths and suggestions 
for implementation of HB-HTA in order to serve as 
reference for the development of HB-HTA in developing 
countries.

2. Literature search strategies and methods

2.1. Data sources and search strategy

The databases searched included: PubMed, Web of 
Science, EMBASE, CNKI, CQVIP, WanFang, as well as 
the websites of government agencies such as the National 
Health Commission and the National Healthcare 
Security Administration, HTA institutions and medical 
institutions. The search strategy for each database was 
devised by combining subject terms and free words. 
The search strategy for PubMed was as follows: ((health 
technology assessment) OR (HTA) OR (the ambassador 
model) OR (the internal committee) OR (the mini-
HTA) OR (the HTA unit) OR (HTA)) AND ((decision 
making) OR (decision support techniques) OR (decision 
aid) OR (health system)) AND ((hospital) OR (health 
facility) OR (medical institution)) AND China. The most 
recent search was conducted on October 31, 2022. Since 
we only searched literature in English and simplified 
Chinese, HB-HTA studies in Taiwan, Hongkong and 
Macao are less likely to be included apart from those 
published in English. Moreover, all references in relevant 
studies were reviewed in the event that eligible studies 
were not identified.

2.2. Inclusion and exclusion criteria

Inclusion criteria: i) From the research perspective of 
hospital management in China; ii) The research includes 
the HB-HTA evaluation of a specific health technology; 
iii) Evidence-based hospital decision-making research; 
Research about how to conduct a hospital health 
technology assessment or evidence-based in-hospital 
decision-making research (process, quality assessment 
and control, report of results, decision application, etc.); 
and iv) HB-HTA related policy research.

2
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Zhao et al. emphasized in their article that clinical 
management decisions in hospitals should be based on 
high-quality research evidence (17). Evidence-based 
ideas began to sprout in hospitals. Since 2006, the 
Consumables Management Department of the Sixth 
People's Hospital affiliated to Shanghai Jiao Tong 
University School of Medicine has started to implement 
an evidence-based management system for the entire 
procurement and supply chain management system of 
medical consumables (18,19). With the development of 
HB-HTA in the world, the mini-HTA tools are emerging 
and gradually becoming an important tool for healthcare 
decision-making at the global hospital level. In 2014, 
Huang et al. presented in detail the evaluation elements 
and application scenarios of mini-HTA tool in detail in a 
Chinese journal (20), which can be used as a tool for HB-
HTA in China. At this phase, the concept of HB-HTA has 
not yet been officially proposed in China, but the idea of 
evidence-based decision-making, which is related to HB-
HTA, has already gained acceptance in hospitals.

3.2. Preliminary Exploratory Phase (2015–2017)

From 2015 to 2017, the former National Health and 
Family Planning Commission of China issued a series of 
policies to guide and strengthen the implementation of 
HTA in China, and also began to include HTA in process 
of formulating specific policy. The Ministry of Human 
Resources and Social Security of the People's Republic 
of China also included HTA evidence as one of the 
criteria to determine whether a drug should be included 
in the national drug reimbursement list. The demand 
for HTA-related decisions in China increased (21). As 
the reform of the payment method of health insurance 
and the reimbursement mechanism of public hospitals 
progressed, China's health administration department 

 Exclusion criteria: i) HTA research not including 
hospital management; ii) The abstract or full text could 
not be obtained by contacting the authors; and iii) A 
source with duplicate content or duplicate publication.

2.3. Literature screening process

Titles and abstracts were evaluated by 2 authors 
independently. Potentially relevant studies were reviewed 
in a full paper by 2 scholars, with any disagreement 
resolved by consensus by a third author. The flow chart 
for literature screening is shown in Figure 1.

3. History of the development of HB-HTA in China

Based on the year of publication, content of the literature, 
and website materials, the development of HB-HTA in 
China can be divided into three phases: An initiation 
phase (2005–2014), a preliminary exploratory phase 
(2015–2017), and a rapid development phase (2018– 
present).

3.1. Initiation phase (2005–2014)

HTA was first introduced in China in the 1980s and 
evidence-based medicine in the 1990s (14), Xia et al.  
published "Health Technology Assessment and Hospital 
Management" in 2005, the first Chinese source related 
to HB-HTA (15), which analyzed the relationship 
between HTA and management of medical technology 
management, drug and medical devices in the hospital 
settings. Although the concept of HB-HTA was not 
mentioned in the paper, as a pioneer in exploring the 
application of health technology assessment in hospitals 
in China, it is of great significance for the beginning 
of HB-HTA in China (16). In August of the same year, 

Figure 1. Flow chart for literature screening.
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cancelled the approval for admission to the third type 
of medical technology for clinical use, and medical 
institutions took primary responsibility for managing the 
clinical use of their own medical technology. Medical 
institutions began to explore the use of HB-HTA to 
assist management and improve the level of scientific 
decision-making. HB-HTA in China has begun to enter 
the preliminary exploratory phase.
 The literature during this period mainly focused 
on the study of relevant international experiences, and 
cases from hospital practices were rare. In 2015, Zhang 
et al. first introduced the international concept of HB-
HTA in China and the basic methods of HB-HTA, laying 
a theoretical foundation for HB-HTA in China (22). 
In 2016, Lv et al. discussed the path for introducing 
HTA into management of medical technology in China 
by referring to the process and methods of HTA used 
to manage medical technology in the UK (23). In 
September 2017, the Shanghai Health Development 
Research Center compiled the Hospital Health 
Technology Assessment Manual and Toolkit, a research 
and development result of the European Union HB-
HTA Project (AdHopHTA), which provided information 
and tools for the establishment and implementation 
of HB-HTA in hospitals and conducted extensive 
academic exchanges(24). At this stage, most scholars 
are disseminating concepts related to HB-HTA and 
reviewing the methods and tools of HB-HTA. HB-HTA 
has not yet been promoted, used, or transformed into 
policies in Chinese hospitals.

3.3. Rapid Development Phase (2018–present)

With the rapid development of HTA in China, China 
issued a series of policy documents (25-28) from 2018 
to 2019 (Table 1) that have created a good policy 
foundation for the development of HB-HTA, and HB-

HTA has entered a phase of rapid development.
 At the national level, from 2018 to 2019, National 
Center for Medical Service Administration of the 
National Health Commission (hereinafter referred to as 
the National Medical Management Center) consecutively 
conducted two sets of HB-HTA pilot projects in 12 
public tertiary hospitals in China (29,30), significantly 
improving the pilot hospitals' knowledge of and emphasis 
on HB-HTA. In April 2019, the National Health 
Commission's department of drug policy and essential 
medicine began to promote nationwide monitoring of 
drug use and comprehensive clinical evaluation, and it 
proposed that medical institutions should make full use 
of the HTA methods and routine drug monitoring tools 
to assist them in drug procurement and use according to 
their actual needs. In July 2021, the National Center for 
Medicine and Health Technology Assessment published 
a management guideline (31) and three technical 
guidelines (32) for comprehensive clinical evaluation 
of drugs. To date, comprehensive clinical evaluation of 
medicines has been widely conducted as an application 
of HB-HTA to the clinical use of medicines in Chinese 
hospitals.
 At the local level, China's developed areas such as 
Shanghai and Shenzhen have taken appropriate action 
regarding HB-HTA. In September 2018, the Shanghai 
Hospital Association and Shanghai Medical Device 
Industry Association presented an expert consensus on 
the development of HB-HTA in Shanghai to specify the 
direction for the development of HB-HTA in Shanghai 
(33). Implementation of the "Shenzhen Model" of HB-
HTA was proposed by the Zhongxing Telecom Equipment 
(ZTE) Foundation HTA Center. In August 2020, the 
Shenzhen Municipal Health Commission appointed 7 
hospitals as pilot hospitals, and the ZTE Foundation 
HTA Center collected the drug evaluation requirements 
at the pilot hospitals. After a drug evaluation report was 

Table 1. HB-HTA-related policies in China from 2018 to 2019

Date of Publication

July 2018

August 2018

June 2019

December 2019

Issuing agency

The State Council 
of the P.R.C.

The State Council 
of the P.R.C.

National Health 
Commission

The Standing 
Committee of 
the N.P.C.

P.R.C. : People's Republic of China; N.P.C. : National People's Congress.

Name of Publication

Regulations on the Prevention and 
Handling of Medical Disputes.

Guidelines of the General Office of the 
State Council of the P.R.C. on Reforming 
and Improving the Comprehensive 
Supervision System of the medical and 
health industry.

Administrative Measures for Medical 
Consumables in Medical Institutions.

Law of the P.R.C. on the Promotion of 
Basic Medical Care and Health.

Related Content

Medical institutions adopting new medical technologies 
shall conduct a technical evaluation and ethical review.

A health technology assessment should be conducted 
to support decisions regarding clinical admission, 
standardized application, and discontinuation and 
elimination of medical technologies, drugs, and medical 
devices.

Management of medical consumables should be patient-
centered and based on medicine, and the entire process 
of purchasing, storing, using, tracking, monitoring, 
evaluating, and supervising medical consumables 
should be effectively organized, implemented, and 
managed.

To organize the assessment of the quality of care and the 
use of medical technology, drugs, and medical devices in 
medical and health care institutions.
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prepared, the pilot hospitals used it as a reference for the 
admission of new drugs to hospitals (34). This provides 
evidence for the admission of new drugs by other 
hospitals that have not yet implemented HB-HTA, and it 
greatly improves the efficiency of decision-making for 
HB-HTA research.
 Since 2018, with policy support, the path of HB-
HTA has been explored at the national and local levels, 
focusing on the implementation and application of 
HB-HTA. Many hospitals in China have reported the 
use of HB-HTA (35-40). In the process of practical 
application, some new theoretical methods, such as 
multiple-criteria decision analysis (MCDA), have been 
gradually integrated into HB-HTA (41), and HB-HTA 
has been gradually improved in the process of practical 
application.
 The characteristics of HB-HTA in all three phases of 
development in China are summarized in Figure 2.

4. Current status of HB-HTA development in China

The current status of hospitals that have conducted HB-
HTA in China from 2005 to 2022 is as follows:

4.1. Institutions conducting HB-HTA

Based on the status of the HB-HTA pilot hospitals 
selected by the National Medical Management Center 
and the literature, the current HB-HTA institutions in 
China are shown in Supplemental Table S1 (https://www.
biosciencetrends.com/supplementaldata/135) (29,36,38-
54). The medical institutions are located in 16 provinces/
municipalities/autonomous regions, with the largest 
number being located in Guangdong Province, Beijing, 
Shanghai, and Jiangsu Province. Currently, the medical 
institution conducting HB-HTA are mainly concentrated 
in the developed regions of China (Figure 3), which are 
mainly public tertiary general hospitals.

4.2. Organizational management of HB-HTA

In 2008, the HTA international (HTAi) Hospital Based 
Health Technology Assessment Sub-Interest Group 
divided HB-HTA into four modes, i.e., an internal 
committee mode, an ambassador mode, a mini-HTA 
mode, and an HB-HTA unit mode, depending on the 
organizational complexity and focus of action (55). Most 
of China's HB-HTA activities were still based on expert 
opinions or committee decisions, and no HB-HTA units 
were internationally recognized (56). Lin et al. surveyed 
30 public hospitals in China in 2018 and found that all of 
the surveyed hospitals had established health technology 
assessment systems in forms, mainly with the internal 
committee mode and mini-HTA mode, and that about 
1/3 of admission to hospital devices was determined via 
a model similar to mini-HTA (57). In general, the Expert 
Committee is chaired by the director or deputy director 
of a hospital, and the members include experts in clinical 
medicine, clinical pharmacy, biomedical engineering, 
evidence-based medicine, health economics, health care 
management, ethics, library and information science, 
and other relevant fields (Figure 4). In some hospitals, 
the committee to manage medical technology assumes 
the role of an HB-HTA committee. For example, 
Shanghai Sixth People's Hospital affiliated to Shanghai 
Jiao Tong University School of Medicine explored and 
adopted a method of voting by committee based on a 
simple assessment, which is similar to an internal HB-
HTA committee. Later, an HB-HTA interest group was 
established, involving biomedical engineering, health 
economics, health policy, hospital management, etc. (56).
 China has not yet developed a uniform HB-HTA 
assessment procedure. Different hospitals have different 
procedures for different evaluation contents, but generally 
there are key steps such as application, evaluation, 
and voting. Taking the mini-HTA of medical devices 
at the Aviation General Hospital of China Medical 

Figure 2. History of HB-HTA development in China.
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University as an example, first, a clinical department 
makes an application, a medical department conducts 
the evaluation, and then the Medical Devices Committee 
makes the final decision by voting. Subsequently, the 
Medical Department and the Purchasing Center take 
action together (Figure 5) (44). HB-HTA usually uses 
intermediate indices as measurement standards, and the 
evaluation cycle is about 1-6 months. For example, the 
mini-HTA of an intermittent pneumatic compression 
device at a tertiary hospital in Shanghai took 2.5 months 
(47) and the mini-HTA of a special anti-magnetic 
anesthesia machine in West China Hospital of Sichuan 

University took only 1 month (58). A mini-HTA report 
is usually submitted in addition to the full assessment 
report and the rapid assessment report.

4.3. Scope of application of HB-HTA

HB-HTA in China is most often conducted for medical 
devices (59), followed by drugs. However, it can 
be applied to diagnosis and treatment technology 
(60), medical or surgical disposal, support systems, 

Figure 3. Distribution of HB-HTA institutions in China.

Figure 4. Organizational management of HB-HTA departments in China.

Figure 5. Mini-HTA flow for medical devices at the Aviation 
General Hospital, China Medical University.
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organizational management systems, and other aspects, 
though the scope of application is still relatively limited 
(49). In the area of medical devices, diagnostic equipment 
(such as Computed Tomography (CT) and Magnetic 
Resonance Imaging (MRI) machines and doppler 
ultrasound diagnostic apparatus), treatment equipment 
(such as intra-aortic balloon counterpulsation pumps, 
temperature-maintaining devices during the perioperative 
period, intermittent pneumatic compression devices, 
and high-frequency thermotherapy ablation machines), 
auxiliary devices (such as robots for intravenous drugs 
allocation) and medical consumables (such as dressings 
and materials for the repair of peripheral nerve defects) 
have been evaluated. Some hospitals use the mini-
HTA assessment list to conduct HB-HTA, and some 
develop their own HB-HTA tools depending to their 
situation. They have evaluated the technical level, 
patient level, hospital level and economic level. The 
HB-HTA activities of most hospitals mainly play a 
decision support role in the admission management of 
medical devices, and a small number of hospitals also 
conduct HB-HTA to support decision-making in the 
use of medical devices (Table 2, Online Table, https://
www.biosciencetrends.com/supplementaldata/135) (36-
39,42,44,47,48,51-53,58,61-66). This improves the 
scientificity and refined management level of medical 
devices admission and use, and helps hospitals control 
costs sensibly and reduces the burden on patients. HB-
HTA of pharmaceuticals focuses mainly on drugs 
of antineoplastic and immunomodulating agents, 
cardiovascular system, alimentary tract and metabolism, 
musculo-skeletal system, anti-infectives for systemic use, 
nervous system and blood and blood forming organs. 
Most hospitals use self-made evaluation tools. One 
hospital uses an evidence and value: impact on decision-
making (EVIDEM) framework to evaluate. They 
have evaluated drug safety, effectiveness, economics, 
innovation, suitability, and other aspects. The HB-HTA 
activities in hospitals play a decision-supporting role 
in the admission management and use management of 
drugs (Table 3) (34,40,41,43,54,67-70), and improves the 
scientificity of hospital selection of drugs and the level of 
clinical safety and rational drug use (Figure 6).

5. Challenges in the development of HB-HTA in 
China

Although HB-HTA in China has made some progress, it 
is still in its early developmental stage compared to other 
developed countries and regions. There are still some 
challenges in terms of concept recognition, the model of 
development, limited professionals, and data source on 
HB-HTA in China.

5.1. Lack of recognition of HB-HTA

Although China has introduced a series of policies to 
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support the development of HB-HTA in recent years, 
the policy documents are mainly guidelines, and HB-
HTA has not been deemed a requirement. Therefore, the 
attitude of hospital decision-makers towards HB-HTA 
will influence the development of HB-HTA. However, 
hospital decision-makers currently have an insufficient 
understanding of the value of using HB-HTA and its 
importance in guiding clinical decision-making (29,49), 
so they rarely consider the results of HB-HTA as an 
important basis for their decisions. At present, most 
clinical decisions still depend largely on expert opinions 
and experience rather than HB-HTA evidence. Patients, 
companies, and other stakeholders are less likely to be 
involved.

5.2. The model of HB-HTA development is not 
standardized

China has not yet established a national HTA organization 
to formulate and implement standards for HB-HTA and 
to coordinate and supervise the implementation of HB-
HTA. Although the National Medical Management 
Center has conducted two sets of HB-HTA pilot projects, 

the use of HB-HTA in China is still mainly considered 
independently by a few hospitals, and it has not been 
implemented on a large scale (29). There are no official 
HB-HTA operating guidelines (57). As a result, the 
process of evaluating HB-HTA is relatively arbitrary and 
the relevant knowledge of evaluators is also insufficient. 
Reports are of low quality.

5.3. Lack of professionals and unbalanced development 
among medical institutions

At present, Chinese medical institutions have no 
mandatory policy documents requiring them to conduct 
HB-HTA and there is no special financial support 
for HB-HTA. Therefore, medical institutions do not 
have sufficient motivation to conduct HB-HTA. In 
most cases, there is no full-time HB-HTA staff. Most 
hospital staff participating in HB-HTA belong to the 
medical equipment department, a medical department, 
a performance management department, or other 
specialized departments such as medicine, management, 
engineering, or library and information science. 
Researchers with professional HTA backgrounds are 

Figure 6. Application of HB-HTA in China.
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very rare. Lin et al. also found that the shortage of 
HTA personnel was a relatively common problem 
among surveyed hospitals (29,57). Medical institutions 
that frequently conduct HB-HTA in China are mainly 
concentrated in top medical institutions in economically 
developed regions such as Guangdong, Beijing, 
Shanghai, and Jiangsu. This is due to the differences in 
medical resources, human resources, and management 
skills among medical institutions in different regions. 
There is still a big gap in the development and use of 
HB-HTA in primary medical institutions or economically 
underdeveloped areas (16). Some tertiary hospitals 
in China conduct assessments based on their own 
specialties and have continued to develop a sophisticated 
assessment system (49), but most hospitals do not have 
HB-HTA standards and a complete process.

5.4. Lack of evidence/data and insufficient application of 
results

When implementing HB-HTA, the lack of evidence/
data is also one of the main difficulties (56). Taking 
medical devices as an example, evidence of their 
effectiveness is quite limited. Moreover, there are few 
comparisons of similar products. The quality of research 
reports is generally not high (71). Decision-making 
in hospitals is usually very timely. In practice, reports 
from HB-HTA are often too time-consuming to keep 
up with the demands of decision-makers (29), or the 
lack of communication with the evaluators leads to an 
asymmetry between the content of the evaluation reports 
and the information needs of the decision-makers. At 
the same time, the wording of research reports is too 
technical, making them difficult for decision-makers to 

read and understand the results of the HB-HTA research. 
This leads to insufficient application of findings from 
HB-HTA research.

6. Suggestions for the development of HB-HTA

HB-HTA concepts and methods are effective means 
of supporting hospital management. Based on China's 
experience with problems promoting and developing 
HB-HTA, we have tentatively proposed a development 
path and suggestions for implementation of HB-HTA in 
line with those in developing countries (Figure 7).

6.1. Enhancing the top-level design of HB-HTA and 
issuing national HB-HTA guidelines

Several studies have pointed out that the main reasons 
for the limited use of HTA in low-income and middle-
income countries are: lack of official HTA institutions, 
political factors, and lack of resources (72). A national 
HB-HTA system, including specialized HB-HTA 
agencies and organizations, needs to be established and 
budgetary resources need to be allocated in accordance 
with national goals for development of HB-HTA 
(73). We strongly recommend that special HB-HTA 
departments be established in hospitals. An internal 
committee and mini-HTA are preferred for the time 
being (74). However, the current HB-HTA guidelines, 
manuals, and toolkits are all from developed countries 
and may not be fully transferable to developing countries 
(75). The experiences of HB-HTA pilot projects need 
to be summarized and combined with internationally 
recognized or verified HB-HTA manuals, toolkits, or 
experiences from other countries. Further development 
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of HB-HTA requires established HB-HTA procedures 
and methods at the national level, as well as HB-HTA 
guidelines and tools that reflect current medical realities 
in developing countries.

6.2. Raising awareness of HB-HTA and encouraging a 
wide range of stakeholders to participate in HB-HTA 
efforts

The basic ideas of HB-HTA need to be promoted at 
medical institutions and empirical cases needed to 
be given to decision-makers and heads of relevant 
departments in order to enhance the concept of evidence-
based management and to promote the awareness 
of evidence-based decision-making (76). Decisions 
about health technologies in hospitals involve many 
stakeholders with different interests, including the 
hospital, the pharmaceutical industry, the public, and 
patients. Early and broad stakeholder participation is 
particularly important for the implementation of HB-
HTA. However, most hospitals make their own decisions 
about access to new technologies and other stakeholders 
are rarely involved. The process of technology 
assessment should not ignore the values of patients and 
other stakeholders (73,77).

6.3. Enhancing the fostering of evaluation personnel

Studies have indicated that lack of expertise and 
related training are barriers to the development of HB-
HTA (78). The implementation of HB-HTA requires 
the joint participation of multidisciplinary teams from 
medicine, economics, management, sociology, law, and 
other disciplines. A system for training HTA personnel 
should be created and development strategies should 
be formulated (23). More attention should be paid to 
the training of evaluation personnel in hospitals, and 
especially in health economics (57). To alleviate the 
shortage of professionals, evaluation personnel in 
medicine at all levels, at research institutes, at colleges 
and universities, and in associations should be involved 
in the short term.

6.4. Establishing an HB-HTA network to share research 
results

HB-HTA is an important part of an HTA network. The 
most common difficulty in evidence-based work is 
the lack of high-quality evidence and timely research 
results (71,79). Global HTA institutions are exploring 
the use of real-world data to complement and enrich 
evidence related to health technologies (74). Establishing 
a common database will allow the development of 
a three-tier HTA network – the nation, region, and 
hospital – to be coordinated (80,81). Health agencies 
and national and regional HTA institutions should 
support the establishment and development of HB-HTA 

departments (73). Through the HB-HTA network, the 
latest results from HB-HTA research should be shared 
in a timely manner and theoretical knowledge should 
be disseminated. Mutual acceptance of assessment 
results among medical institutions should be promoted 
based on a transparent assessment process, scientific 
methods of assessment, and credible assessment results. 
Hospitals should increase the dissemination and sharing 
of assessment results and assessment reports through the 
HB-HTA network to avoid duplication. Evidence/data 
on HB-HTA should be continuously updated through the 
network for the future.

6.5. Flexibly determining the form of HB-HTA

There is no model that is universally applicable to 
hospitals (82-84). The type of HB-HTA to be undertaken 
depends on the external policy environment, the specific 
hospital culture, the stage and sophistication of health 
technology development, the type of technology, the use 
of resources, the quantity and quality of evidence, the 
requirements for quality and completeness of reports, 
the demand for timeliness, and other factors (85). For 
example, the evaluation of consumables and devices 
is easier to quantify and the evaluation process is more 
repeatable and versatile, whereas the quantitative 
assessment of new clinical technologies in diagnostics 
and surgery is more difficult (29). If the quality of the 
available evidence is low or even missing, the HB-HTA 
report is presented in the form of a checklist. In practice, 
the form of HB-HTA can be flexible, depending on the 
technical assessment requirements and the resources 
available to decision-makers.

7. Conclusion

Improving the rational allocation of medical resources 
is an urgent need under the status quo of the irrational 
and rapid growth of medical expenses, meanwhile, it is 
also a higher realistic requirement for hospitals in terms 
of expense control, quality improvement, and scientific 
management under the background of new healthcare 
system reform. As a tool to effectively control medical 
costs and improve quality, HB-HTA can help medical 
institutions achieve scientific management and decision-
making, improve the allocation efficiency of health care 
resources, and ensure medical quality and safety. In the 
context of comprehensively promoting the construction 
of a healthy China and deepening the reform of the 
medical and health care system, it has become an 
appropriate strategy for Chinese medical institutions to 
carry out HB-HTA activities. From 2005 to 2022, the 
development of HB-HTA in China has gone through the 
initiation phase and the preliminary exploratory phase, 
and now it has entered a period of rapid development. 
China basically has the foundation for the development 
of HB-HTA, and has accumulated some application 
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cases. In order to further promote the application of HB-
HTA in developing countries, it is necessary to solve 
the core problems in terms of concept recognition, 
the mode of development, and limited professionals 
and data based on a case study in China, formulate a 
integrated development strategy in line with national 
conditions, establish the application mechanism and the 
implementation roadmap of HB-HTA, and promote the 
sustainable development of HB-HTA.
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1. Introduction

Coronavirus Disease 2019 (COVID-19) has been an 
unprecedented disaster for people around the world. A 
point particularly worth noting is that herbal medicines 
have made great contributions to the prevention 
and treatment of COVID-19, and they have been 
used in over 90% of treatments across China. Many 
herbal medicines are reported to have antiviral, anti-
inflammatory, and immunoregulatory action and to 
protect target organs during the treatment of COVID-19 
by multiple components acting on multiple targets in 
multiple pathways (1). 
 Angiotensin converting enzyme 2 (ACE2) has 
been identified as the critical functional receptor for 
SARS-CoV-2. It can bind to the receptor-binding 
domain (RBD) of the spike protein (S protein), which 
is responsible for the entry of the coronavirus into host 
cells (2). After entry, the SARS-CoV-2 RNA genome 
is released into the cytosol, where it highjacks host 
replication machinery for viral replication, assemblage, 

as well as the release of new viral particles. Therefore, 
ACE2 should be a target to screen drugs inhibiting the 
replication and proliferation of SARS-COV-2. 
 Recently, many herbal medicines have exhibited 
a high affinity for ACE2 in treating COVID-19 (3). 
These herbal medicines can target ACE2 to prevent 
SARS-CoV-2 from entering into host cells. The current 
work has summarized these herbal medicines including 
formulas, single herbs, and active ingredients, which 
have exhibited a high affinity for ACE2 in treating 
COVID-19 (Figure 1). This work may provide 
meaningful and useful information on further research 
to investigate the mechanisms of herbal medicines 
against SARS-CoV-2. 

2. Herbal formulas 

COVID-19 is categorized as a pestilence according to 
traditional Chinese medicine (TCM) theory. Herbal 
medicines have been used to treat and prevent viral 
infections for thousands of years, and herbalists have 

DOI: 10.5582/bst.2022.01534

SUMMARY
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Coronavirus Disease 2019 (COVID-19) has been an unprecedented disaster for people around the 
world. A point particularly worth noting is that herbal medicines have made great contributions to 
the prevention and treatment of COVID-19 in China. Angiotensin converting enzyme 2 (ACE2) 
has been identified as the critical functional receptor for SARS-CoV-2. It can bind to the receptor-
binding domain (RBD) of the spike protein (S protein), which is responsible for the entry of the 
coronavirus into host cells. Therefore, ACE2 can be regarded as an important intervention target for 
COVID-19. Recently, many herbal medicines have exhibited a high affinity for ACE2 in treating 
COVID-19. The current work summarized these herbal medicines including formulas (such as 
Lianhua Qingwen capsules, Xuebijing injection, Qingfei Paidu Decoction, Huashi Baidu formula, 
Shufeng Jiedu capsules, and Maxing Shigan decoction), single herbs including Ephedra sinica Stapf 
(Mahuang), Scutellariae radix (Huangqin), Lonicera japonica (Jinyinhua), and Houttuynia cordata 
(Yuxingcao), and active ingredients (such as ursodeoxycholic acid, glycyrrhizic acid, glycyrrhizin, 
salvianolic acid, quercetin, and andrographidine C), which have exhibited a high affinity for 
ACE2 in treating COVID-19. We hope this work may provide meaningful and useful information 
on further research to investigate the mechanisms of herbal medicines against SARS-CoV-2 and 
follow-up drug discovery. 
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accumulated a large amount of clinical experience and 
they have developed effective prescriptions (4). In 
guidelines on fighting COVID-19, the National Health 
Commission (NHC) of China has recommended some 
herbal formulas, and particularly "three Chinese patent 
medicines and three TCM prescriptions", which have 
proven to be efficacious in treating COVID-19 (5). 
Recently, numerous studies have indicated that the 
potential mechanisms of these herbal formulas in the 
treatment of COVID-19 might involve down-regulating 
ACE2 (Table 1).
 Lianhua Qingwen capsules/granules have been 
officially repurposed by the China Food and Drug 
Administration (CFDA) for patients with mild 
COVID-19 since April 2020. Several components of 
Lianhua Qingwen capsules (rhein, forsythoside A, 
forsythoside I, neochlorogenic acid, and its isomers) not 
only showed a high affinity for ACE2 but also inhibited 
SARS-CoV-2 by affecting binding between ACE2 and 
the S protein (6). Xuebijing injection is the only Chinese 
patent medicine approved in China for the treatment of 
sepsis with efficacy in severe and critical COVID-19 
cases. Based on a bioinformatic analysis, Xuebijing 
injection alleviated COVID-19-induced cardiac 
dysfunction by inhibiting oxidative stress, preventing 
atherosclerotic plaque formation, and limiting 
inflammation and apoptosis by targeting ACE2 and 7 

hub genes (CCL2, CXCL8, FOS, IFNB1, IL-1A, IL-
1B, and SERPINE1) (7). In addition, molecular docking 
results revealed that most of the active compounds in 
Xuebijing injection had a good binding activity with 
ACE2, 3CLpro, and the S protein; the three compounds 
with the highest affinity were anhydrosafflor yellow B, 
salvianolic acid B, and rutin (8).
 Qingfei Paidu Decoction is recommended for all 
stages of COVID-19 according to the “Diagnosis and 
Treatment Program for COVID-19” issued by the NHC 
of China. Supported by network pharmacology, Qingfei 
Paidu Decoction and its major herbs including Ephedra 
sinica, Bupleurum chinense, Pogostemon cablin, 
Cinnamomum cassia, and Scutellariae Radix displayed 
anti-oxidative, immuno-modulatory, and antiviral 
action by preventing a cytokine storm and regulating 
ACE2 receptor binding (9). Three active components 
(oroxylin A, hesperetin and scutellarin) of Qingfei 
Paidu Decoction significantly inhibited the release of 
IL-6, IL-1β, and CXCL-10 from THP-1 macrophages 
challenged with the SARS-CoV-2 S protein, which 
suggested that the anti-inflammatory effects of Qingfei 
Paidu Decoction might be attributed to the effects of 
these active components (10). Oroxylin A inhibits the 
entry of SARS-CoV-2 pseudovirus into target cells and 
prevents SARS-CoV-2 S protein-mediated cell-cell 
fusion by binding with the ACE2 receptor. 

15

Figure 1. Overview of the probable anti-COVID-19 activities of herbal medicines. Herbal medicines might be ACE2-blockers against 
COVID-19.
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 As one of the "three Chinese patent medicines and 
three TCM prescriptions", Huashi Baidu formula is 
usually recommended as an auxiliary medicine for the 
treatment of patients with severe COVID-19. A network 
analysis indicated that Huashi Baidu formula affected 
SARS-CoV-2 mainly by regulating multiple signaling 
pathways (TNF, PI3K-Akt, NOD-like receptor, 
MAPK, and HIF-1) through ACE2 (11). Baicalein and 
quercetin, the two leading compounds in Huashi Baidu 
formula, have a high affinity for ACE2, which indicated 
that they might play an important role in the treatment 
of COVID-19. Another network analysis indicated 
that the active ingredients in Huashi Baidu formula, 
such as isotrifoliol and ellagic acid, had an excellent 
binding ability with crucial proteins directly related to 
COVID-19, including ACE2, ADAM17, and 3CLpro, 
and that they were directly efficacious (12). 
 Shufeng Jiedu capsules are a Chinese patent 
medicine that is recommended as a basic prescription 
and used widely in the clinical treatment of COVID-19. 
According to a network analysis, the active components 
in Shufeng Jiedu capsules (such as kaempferol, 
wogonin, and baicalein) had good binding activity 
with both SARS-CoV-2-Mpro and ACE2 and acted on 
multiple signaling pathways (such as PI3K-Akt, TNF, 
HIF-1, p53, and Toll-like receptor), thus affecting novel 
coronaviruses (13). Another network analysis identified 
5 key compounds (β-sitosterol, luteolin, kaempferol, 
quercetin, and stigmasterol) in Shufeng Jiedu capsules 
and 10 hub target genes (TP53, AKT1, NCOA1, 
EGFR, PRKCA, ANXA1, CTNNB1, NCOA2, RELA, 
and FOS) (14). The hub target genes were mainly 
enriched in pathways including the MAPK, PI3K-Akt, 
and cAMP signaling pathways, which could be the 
underlying pharmacological mechanisms of Shufeng 
Jiedu capsules for treating COVID-19. Moreover, the 
above key compounds had a high binding activity with 
three typical target proteins including ACE2, 2OFZ, 
and 1SSK.
 Maxing Shigan decoction is a classic herbal formula 
that was first recorded in the famous book "Shanghan 
Zabing Lu" written by Zhang Zhongjing during the 
Eastern Han Dynasty (25-220 A.D.). The "three Chinese 
patent medicines and three TCM prescriptions", 
excluding the Xuebijing injection, contain Maxing 
Shigan Decoction. Maxing Shigan Decoction might play 
an antiviral, anti-inflammatory, and immunoregulatory 
role through the JAK-STAT and PI3K/AKT signaling 
pathways mainly via Glycyrrhiza uralensis (Gancao) 
and Semen armeniacae amarum (Kuxingren) (15). 
Moreover, the components with a strong potential 
affinity (the top 10) for ACE2, Mpro, and RdRp are 
mainly from Gancao and Kuxingren. Amygdalin was 
selected as the optimal candidate component to bind 
to all three key targets, and euchrenone, glycyrrhizin, 
and glycyrol also exhibited superior affinity for ACE2, 
Mpro, and RdRp, respectively.

3. Single herbs 

Some single herbs have been widely used in Asia 
to treat lung diseases, such as a cold, cough, and 
asthma for thousands of years and they are the major 
constituent herbs of some famous formulas to treat 
COVID-19. These single herbs such as Ephedra sinica 
Stapf (Mahuang), Scutellariae radix (Huangqin), 
Lonicera japonica (Jinyinhua), and Houttuynia cordata 
(Yuxingcao) have displayed efficacy against pneumonia 
caused by SARS-CoV-2, and the potential mechanism 
might be related to ACE2 (Table 2). 
 Mahuang, as one of the major constituent herbs of 
a multi-component herbal formula, has been widely 
used to treat COVID-19 in China. Lv et al. found that 
three compounds (ephedrine, pseudoephedrine, and 
methylephedrine) screened out from Mahuang with 
ACE2-binding features acted as blockers, inhibiting the 
SARS-CoV-2 spike pseudovirus from entering ACE2h 
(HEK293T cells over-expressing ACE2) (16). Another 
similar study indicated that quinoline-2-carboxylic 
acids identified as novel active constituents of Mahuang 
could be considered as potential therapeutic agents 
for COVID-19 (17). They inhibited both the binding 
of SARS-CoV-2 RBD to ACE2 and the infectivity of 
SARS-CoV-2 S protein pseudoviruses in 293T-ACE2 
and Calu-3 cells. The herb pair Mahuang-Kuxingren 
was used to prevent and treat COVID-19 by directly 
inhibiting the virus, regulating immune responses, 
and promoting body repair. Some key components of 
Mahuang-Kuxingren, such as β-sitosterol, estrone, and 
stigmasterol, had a high binding activity to 3CLpro and 
ACE2 according to a molecular docking simulation 
(18). In addition, the active compounds, and especially 
licorice glycoside E and xambioona, from the herb pair 
Mahuang-Gancao, bound well to COVID-19 related 
targets, including 3CLpro, the S protein, and ACE2 (19).  
 Huangqin is considered to be an "herbal antibiotic" 
that can fight against COVID-19. Based on a network 
analysis, Huangqin primarily regulated the MAPK 
and NF-κB signaling pathways via active components 
such as baicalein and scutellarin and blocked SARS-
CoV-2 spike binding to human ACE2 receptors (20). 
In addition, in vitro bioassays showed that Baicalein 
inhibited SARS-CoV-2 from entering into Vero E6 
cells. It was the most effective component in Huangqin, 
with both anti-inflammatory and antiviral action. 
 Based  on  i t s  e ff ec t  on  hea t - c l ea r ing  and 
detoxification, Jinyinhua has been used as a dietary 
supplement, tea, or beverage for millennia. A Jinyinhua 
water extract demonstrated an interrupting effect on 
SARS-CoV-2-S protein/ACE2 binding, and chlorogenic 
acids were found to dominate the anti-inflammatory 
effects of Jinyinhua by inhibiting oxidative stress (21). 
Yuxingcao is a time-honored herb widely used in Asian 
countries to treat pneumonia, and it potentially exhibits 
antiviral activity against enveloped viruses. Some key 
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components of Yuxingcao, such as afzelin, apigenin, 
kaempferol, and quercetin, have been reported to 
bind with ACE2 and 3CLpro of SARS-CoV-2 in four 
signaling pathways, including PI3K-Akt, Jak-STAT, 
MAPK, and NF-kB (22). 

4. Active ingredients 

Herbal medicine has a wide array of active ingredients 
with potential health benefits, including antiviral 
activity, that may be explored as an alternative treatment 
for COVID-19. Interestingly, some of these active 
ingredients might prevent SARS-CoV-2 from infecting 
human cells by blocking the ACE-2 protein (Table 3). 
 Ursodeoxycholic acid is a major active ingredient 
of the Chinese herb bear gall powder. A recent study 
indicated that ursodeoxycholic acid down-regulated 
ACE2 expression and reduced the susceptibility to SARS-
CoV-2 infection in vitro, in vivo, and in human lungs and 
livers perfused ex situ (23). Moreover, ursodeoxycholic 
acid reduced ACE2 expression in the nasal epithelium 
in humans. Glycyrrhizic acid derived from the Chinese 
herb Gancao has been found to be a broad-spectrum anti-
coronavirus candidate with low toxicity. Its antiviral 
mechanism might be due to disrupting viral uptake into 
host cells and impairing interaction between the RBD 
of SARS-COV2 and ACE2 (24). Glycyrrhizin, a main 
active ingredient of Gancao, prevents SARS-CoV-2 from 
entering cells and replicating by reducing the expression 
of ACE2 and inhibiting interaction between the S protein 
RBD and ACE2 (25). 
 Salvianolic acids (salvianolic acid A, salvianolic acid 
B, and salvianolic acid C), as major active ingredients of 
the Chinese herb Salvia miltiorrhiza (Danshen), inhibit 
the entry of the SARS-CoV-2 spike pseudovirus into 
HEK293T cells highly expressing ACE2 by binding to 
both the RBD of the SARS-CoV-2 S protein and receptor 
ACE2 (26). Salvianolic acid B displayed the greatest 
binding affinity and anti‐SARS-CoV-2 pseudoviral 
action among these three compounds. Quercetin as a 
naturally abundant flavonoid that is widely found in 
various herbal medicines, such as Forsythia suspensa 
(Lianqiao) and Lonicera japonica (Jinyinhua). It might 
be a potential treatment for COVID-19-induced acute 
kidney injury (27). It might serve as a SARS-CoV-2 
inhibitor by binding with the active sites of SARS-CoV-2 
main protease 3CLpro and ACE2, therefore suppressing 
the functions of the proteins and interrupting the viral 
life cycle. In addition, andrographidine C, a major active 
ingredient of the Chinese herb Andrographis paniculata 
(Chuanxinlian), formed a stable complex with the key 
target ACE2, so it can be considered as a potential drug 
to treat COVID-19 (28).

5. Conclusion 
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ACE2 of the host cell to promote membrane fusion 
is an initial critical step for SARS-CoV-2 infection. 
Therefore, screening herbal medicines that inhibit 
the binding of the SARS-CoV-2 S protein and ACE2 
might provide a feasible strategy for the treatment of 
COVID-19. This work has summarized some herbal 
medicines including formulas, single herbs, and active 
ingredients, that have exhibited a high affinity for 
ACE2 in treating COVID-19. We hope this work may 
provide meaningful and useful information on further 
research to investigate the mechanisms of herbal 
medicines against SARS-CoV-2 and follow-up drug 
discovery. However, most of the current research is 
based on network pharmacology, molecular docking, 
and in vitro bioassays, there is still a lot of work to be 
done in the real sense of drug design and development. 
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1. Introduction

In view of many shortcomings in the term of non-
alcoholic fatty liver disease (NAFLD), the international 
expert panel in 2020 proposed to uniformly rename it 
as metabolism related fatty liver disease (MAFLD), 
and further give MAFLD a new and detailed definition 
(1). The diagnostic methods for MAFLD are updated 
as follows: patients have liver steatosis and metabolic 
dysfunction at the same time. Patients with metabolic 
dysfunction meet one of the following three standards, 
including overweight/obesity, Type 2 diabetes or 
metabolic disorder (1,2). The global prevalence rate of 
MAFLD is up to 25%, and it is now listed as the most 
common liver disease and a major threat to human health 
(3). The metabolic defects of MAFLD may also lead to 
its progression to nonalcoholic steatohepatitis (NASH), 
liver fibrosis and cirrhosis (4). Furthermore, it may 
eventually evolve into hepatocellular carcinoma (HCC) 
and liver failure (5). In addition, the metabolic syndrome 
of MAFLD is very similar to obesity, which can lead to 
multiple complications through different extrahepatic 

pathways, such as diabetes, cardiovascular disease and 
hypertension (6). The high prevalence, increased risk 
of death and coexistence of multiple complications 
all indicate that MAFLD-related liver damage and 
its complications will pose a significant health and 
economic burden to patients, their families and society. 
Therefore, it is necessary to explore effective therapeutic 
approaches for the treatment of MAFLD.
 RNA binding proteins (RBPs) are involved in 
coordinating (ribonucleic acid) RNA processing and 
post transcriptional gene regulation (PTGR) as well as 
the maturation, localization, stabilization and translation 
of coding and non-coding RNAs (7). The loss of RBP 
function or functional mutation will destroy homeostasis, 
leading to various diseases, particularly metabolic 
diseases, which also involves MAFLD (8,9). For 
instance, studies have shown that in cytoplasm rich liver 
tissues, an RBP called Human antigen R (HuR) interacts 
with mRNAs that are involved in lipid transport/
metabolism, cholesterol metabolism or endoplasmic 
reticulum (ER) stress response pathway (10). HuR 
dysfunction will cause a series of liver lipid metabolism 
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Metabolic-associated fatty liver disease (MAFLD) is the most common chronic liver disease globally 
and seriously increases the public health burden, affecting approximately one quarter of the world 
population. Recently, RNA binding proteins (RBPs)-related pathogenesis of MAFLD has received 
increasing attention. RBPs, vividly called the gate keepers of MAFLD, play an important role 
in the development of MAFLD through transcription regulation, alternative splicing, alternative 
polyadenylation, stability and subcellular localization. In this review, we describe the mechanisms 
of different RBPs in the occurrence and development of MAFLD, as well as list some drugs that can 
improve MAFLD by targeting RBPs. Considering the important role of RBPs in the development of 
MAFLD, elucidating the RNA regulatory networks involved in RBPs will facilitate the design of new 
drugs and biomarkers discovery.

Review



www.biosciencetrends.com

BioScience Trends. 2023; 17(1):21-37.BioScience Trends. 2023; 17(1):21-37.

disorders, which gradually evolves into MAFLD. A 
MAFLD mouse model suggests that Quaking I-5 (QKI 5) 
mediated by Sirtuin 1 (SIRT1) significantly affected the 
synthesis of triglyceride (TG) in the liver of the MAFLD 
mouse model. Compared with the control group, the 
expression level of QKI 5 in MAFLD mice decreased 
(11). Therefore, we think it would be better to clarify the 
pathogenesis of MAFLD through discussing the roles of 
RBPs in the development of MAFLD.
 Although numerous studies have elaborated the role 
and mechanism of RBPs in liver diseases, especially 
in non-alcoholic fatty liver diseases, there is a lack of 
knowledge summary on this subject at present. Our 
article reviews the mechanism and complications of 
different RBPs in MAFLD and some drugs that can 
improve MAFLD by regulating RBPs, aiming to provide 
some reference for the pharmacological targeted MAFLD 
treatment strategies that are based on RBPs regulatory 
network.

2. RBPs

2.1. Structure and Function

PTGR is essential for the maintenance of cell 
homeostasis and the coordination of the maturation, 
transport, stabilization, and degradation of coding and 
non-coding RNAs (7). RBP is a key regulator of PTGR 
that can interact with multiple RNAs and individual 
transcripts and has the potential to interfere with a 
large number of regulatory networks and maintain the 
integrity of cells (12). In RBP, there is an RNA-binding 
domain (RBD), a functional unit responsible for RNA 
binding existing in the coding sequence (intron and 
exon domains), 5' untranslated regions (5'UTR) and 3' 
untranslated regions (3' UTR) of RNA (13). RBPs can be 
divided into conventional and non-conventional RBPs 
two groups based on their RBD. Of these, the RBDs of 
conventional RBPs consist of an RNA recognition motif 
(RRM), cold-shock domain (CSD), K homology (KH) 
domain, arginine-glycine-glycine (RGG) motif and zinc-
finger domains (14), while non-conventional RBPs bind 
with RNAs through intrinsically disordered regions 
lacking RBDs (15) (Figure 1). Normally multiple RBDs 
coexist in one RBP and the arrangement of these RBD 
modules can coordinate and enhance specific binding 
with RNA (16). As many RBDs are small and have few 
residues as effective parts, they often achieve specific 
binding with RNA in the form of Hydrogen Bonds, Van 
der Waals Interactions, Hydrophobic, and p Interactions 
and Stacking (17). The adaptor between RBDs can 
mediate RNA contacts, by which whether RBDs work 
independently or cooperatively can be determined 
(18). Some RBDs can also act as the mediator for 
Protein-Protein Interaction (19). RNA Recognition 
Motif, present in about 1% of all human proteins, is 
the most extensively seen and studied RBD (20). RBD 

also includes K Homology, Zinc Finger, and Pumilio 
Homology Domain, which all perform their own duties 
in RNA metabolism.

2.2. The Molecular mechanisms of RBPs in PTGR

The abundance of RBDs allows RBPs to bind to other 
biomolecules in a variety of ways, which gives RBPs 
an important role in PTGR. Of them, the molecular 
mechanisms of RBPs involved in PTGR can be 
summarized into 3 levels (Figure 2): RBP-RNA, RBP-
RBP and RBP-protein-RNA.

2.2.1. RBP-RNA

As a regulator of biological cytology, RBPs are involved 
in various aspects of RNA regulation, including 
transcription regulation (21), AS (alternative splicing) 
(22), alternative polyadenylation (23), stability (24), and 
subcellular localization (25). Disturbing levels of RBPs 
in specific microenvironments or mutations in coding 
genes can lead to serious diseases. Several serious 
maladies can be caused when disorder of the RBPs levels 
in specific microenvironments or mutation of coding 
genes occur. For example, as an important splicing factor 
required by AS, serine/arginine splicing factors have 
a strictly regulated process of phosphorylation, which 

22

Figure 1. The structure and function of RNA binding proteins. 
Based on numerous studies, RBP can bind to RNA and the binding 
of RBP to RNA is via the RBDs in RBP. Depending on the presence 
or absence of RBD, RBP can be divided into conventional RBPs and 
non- conventional RBPs. And the RBDs of conventional RBP consist 
of RRM, CSD, KH, RGG motif and zinc-finger domains, while non-
conventional RBP does not have RBDs. RBDs bind with RNA by the 
forces of Hydrogen Bonds, Van der Waals Interactions, Hydrophobic, 
and p Interactions and Stacking. With multiple RBDs coexisting of 
a single RBP, the modules are arranged to coordinate and enhance 
specific binding to the coding sequence, 5'UTR and 3'UTR of RNA. 
Eventually, RBP binds to RNA and performs the function of RNA 
contacts, protein-protein interaction and RNA metabolism.
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While RBP can always regulate itself, RBFOX2 serves 
as a global controller to dominate self-regulation of 
RBP (34). AS-NMD can also be found in the mutual 
supervision of RBPs. For example, while AS-NMD is 
used for the inhibition of RBM10 (RNA binding motif 
protein 10) to RBM5 (RNA binding motif protein 5), 
RBM5 also controls the expression of RBM10 splicing 
variants in turn through AS-NMD to reduce the action 
of cancer promotion (35,36). In RNA processing, there 
is a competition pattern between RBPs. Genome-wide 
analysis has revealed the antagonistic effects of splicing 
regulation between CUGBP (CUG-binding protein 1) 
Elav-like family member 2 (CELF2) and RBFOX2. 
These RBPs bind to overlapping sites of several 
mRNA precursors, with opposite consequences for the 
processing of exons (37). In addition to splicing, other 
processing steps are also affected by RBPs competition. 
On the mRNA of recombinant protein histone 
deacetylase 6, TAR DNA binding protein competes 
with FUS for overlapping binding sites to regulate its 
processing and nuclear export (38).

2.2.3. RBP-Protein-RNA

RBPs are involved in the formation of spliceosome 
and other ribonucleoprotein complexes, and in the 
regulation and modification of the interactions between 
proteins and ribonucleic acids to maintain accurate RNA 
translation and splicing (12). The Glucocorticoid-GR 
system acts as a transcriptional activator or inhibitor 
in the degradation of subsets of mRNAs despite its 
independence of translations, which is known as GR-
mediated mRNA Decay (GMD). At this time, the 
Glucocorticoid-GR system is deemed as an assembly 
of RBP (39). Y-box binding protein 1 (YB1) is the most 
common cold shock protein involved in the evolution 
of many inflammatory diseases. Based on one research 
finding, the rapid degradation of chemokine (C-C motif) 
ligand 2 (CCL2) mRNA is mediated by GMD during 

can influence the AS modes of many pre-mRNAs (26). 
Another case in point is that a lower expression of liver 
splicing factor serine and arginine rich splicing factor 6 in 
the mice models of MAFLD and NASH can contribute to 
disorder of RNA splicing, thus worsening MAFLD (27). 
Nucleotin is a multifunctional RBP, relocation on the 
cell membrane and overexpression of which have been 
verified to bring about cancers of different tissue origins 
(28). This can be exemplified by a highly expressed 
nucleolin in actively dividing cancer cells, which can 
promote the stability of epidermal growth factor receptor 
mRNA and block Fas receptors that induce apoptosis, 
contributing to cell malignant transformation (29).

2.2.2 RBP-RBP

In addition, the functions of cooperation, supervision, 
and competition are also represented among RBPs (30). 
Adenosine methylation at the N (6) position (m6A) is a 
dynamic and abundant epitranscriptomics marker, which 
can regulate key aspects of the metabolism of eukaryotic 
RNAs in many biological processes. This modification 
process involves the collaborative coupling of a series 
of protein complexes that are defined by researchers 
as Writer, Eraser, and Reader to correspond to the 
transmethylation catalase, demethylase, and reading 
protein of m6A that modifies RNA, respectively (31). 
For example, RNA methyltransferase-like 3 (METTL3) 
and METTL14 are components of the multi-subunit m6A 
writer complexes, the enzyme activities of which are 
significantly higher than those of METTL3/METTL14 
alone (32). For instance, splicing inhibition mediated by 
RBP Heterogeneous ribonucleoprotein M is stimulated 
by RBP FOX-1 homologue 2 (RBFOX2), indicating 
there is extensive synergy between the two RBPs (33). 
Splicing is one of the methods widely used by RBPs 
to monitor the expression of other RBPs. RBFOX2 
regulates other RBPs by controlling Alternative Splicing 
Coupled Nonsense-mediated Decay (AS-NMD). 

Figure 2. The mechanisms of RNA binding proteins 
functions. According to many studies, RBPs can bind 
to various biomolecules to produce different functions. 
The mechanisms involved in these functions can be 
summarized as: RBP-RNA, RBP-RBP, and RBP-
Protein-RNA. In the RBP-RNA mechanism, RBPs 
regulate biological cytology and various aspects of 
RNA through transcription regulation, alternative 
splicing, alternative polyadenylation, stability and 
subcellular localization. Meanwhile, RBPs have a 
cooperation, supervision and competition function 
with each other at the RBP-RBP level. In the 
meantime, RBPs also affect hepatic lipid metabolism 
by regulating and modifying protein-ribonucleic acid 
assembly and protein-ribonucleic acid interactions. 
In general, RBP can produce important cellular 
physiological functions through the three mechanisms 
described above, and interference with their normal 
functioning may contribute to the development of 
disease.
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the dephosphorylation of YB1. The dephosphorylation 
of YB1 accelerates the combination of YB1 and GMD 
complexes. Then, the YB1-GMD complex is guided to 
CCL2 mRNA through the interaction between YB1 and 
CCL2 mRNA, thus triggering GMD, which can affect 
the stability of mRNA and boost the reduction of CCL2 
mRNA. Based on this, the evolution of atherosclerosis 
is influenced by YB1 through inflammation regulation 
[51]. Gem Nuclear Organelle Associated Protein 5 
(GEMIN5), an RBP protein, plays a key role in the 
formation of Survival Motor Neuron protein complexes 
and formation of small nuclear ribonucleic proteins 
(snRNPs). The mutation of GEMIN5 can damage the 
assembly of the snRNP complexes in neurons of induced 
pluripotent stem cells of patients, resulting in growth 
retardation, hypotonia, and cerebellar ataxia (40). As 
an important reading protein for the modification of 
RNA m6A, YTHN6-Methyladenosine RNA Binding 
Protein 2 (YTHDF2, YTH Domain Family Protein 2) 
contains a YTH domain that can specifically recognize 
the RNA modified by binding m6A and mediate the 
degradation of RNA. It has been proved that HRSP12 
(adapter protein) can be used to connect YTHDF2 with 
ribonuclease P/MRP, resulting in rapid degradation of 
YTHDF2 binding RNA (41). YTHDF2 can also regulate 
somatic cell reprogramming by recruiting CCR4-NOT 
deadenylation complexes (42). The circadian clock 
impairs the hepatic lipid metabolism by cutting down the 
Peroxisome proliferator-activated receptor α (PPARα) 
mRNA mediated by YTHDF2, which is why people 
with irregular schedules are often susceptible to MAFLD 
(43). Similarly, fat mass and obesity-associated (FTO) 
protein is the first identified RNA demethylase that can 
erase m6A inside mRNA. A study shows that the down-
regulation of FTO can reduce the modification of m6A 
in PPARα, and then regulate its transcriptional level in an 
m6A-YTHDF2 dependent manner (44).
 The level of disorder of RBPs may lead to cellular 
stress, weaker cell adaption, or cell death as they are 
involved in a variety of important cellular functions, 
triggering MAFLD, diabetes, cancer, neurodegenerative 
diseases, and other kinds of diseases (45). Recently, 
increasingly extensive attention has been paid to the 
regulation of RBPs to MAFLD and its complications. 
This review will summarize the mechanisms of different 
RBPs in MAFLD and its complications, and some drugs 
that can improve MAFLD by adjusting RBPs, by which 
the design of new drugs for MAFLD and the disclosing 
of biomarkers can be advanced.

3. RBPs Implicated in The Occurrence and 
Development of MAFLD

MAFLD, a reflection of metabolic dysfunction in the 
liver, is described as a series of liver diseases with a 
prevalence of 70–80% in obese and diabetic patients, 
which can manifest initially as insulin resistance and 

changes in gut flora due to imbalances in energy intake 
and expenditure (46,47). The insulin resistance and 
changes in gut flora can lead to fatty deposits in the 
liver. During the accumulation of aberrant fat, there 
can be more serious hepatic insulin resistance and 
intracellular damage, which will further exacerbate 
inflammation, fibrosis, and carcinogenesis (48). A small 
percentage of patients progress from simple steatosis 
to liver inflammation and fibrosis [nonalcoholic fatty 
liver disease (NASH)]. During liver damage and repair, 
dysregulated hepatocytes can promote hepatic stellate 
cells (HSCs) activation through paracrine signaling, 
ultimately developing hepatic fibrosis and cirrhosis. 
Non-coding RNAs particularly play a functional role 
in MAFLD. Alterations in alternative RNA splicing are 
associated with inflammation, metabolic disorders and 
cancer, which are all important markers in the natural 
course of MAFLD. MicroRNAs (miRNAs), non-coding 
RNAs, and relevant RBPs are engaged in various core 
cellular processes (2,48). For instance, Zhao et al. 
revealed that the expression of the long noncoding RNA 
(lncRNA) brown fat-enriched lncRNA 1(Blnc1) in the 
liver is greatly increased in obesity and MAFLD mice, 
which is needed for inducing hepatic lipogenic genes. 
Specific inactivation of Blnc1 can erase insulin resistance 
and hepatic steatosis that are induced by high-fat diet, 
thus avoiding occurrence of MAFLD (49). And another 
study reported that hepatic Irs2 mRNA was decreased 
in MAFLD patients and its downregulation may be 
associated with insulin resistance (50).
 Translation-regulated RNA-binding proteins 
(TTR-RBPs) are important proteins that regulate gene 
expression patterns. TTR-RBPs can control gene 
expression by cooperating or competing with specific 
miRNAs at the post-transcriptional level, affecting 
pre-mRNA splicing, mRNA transfer to the cytoplasm, 
turnover, storage, translation and so on (51,52). The 
overwhelming majority of TTR-RBPs can regulate 
numerous post-transcriptional processes, as HuR and 
nuclear factor 90 regulate mRNA stability and translation, 
while only a few TTR-RBPs can regulate a process 
specifically such as mRNA splicing via Tristetraprolin 
(TTP) and KH-type regulatory protein splicing (53-55). 
Therefore, the present study will introduce some specific 
RBPs in detail to expound the importance of RBPs in the 
occurrence and development of MAFLD (Table 1).

3.1. Insulin Resistance and Liver Fat Deposition

Insulin resistance is a systemic disease that affects 
many organs and insulin regulatory pathways. Fat 
deposition is negatively associated with insulin 
resistance. Insulin resistance and Liver Fat Deposition 
can be early manifestations of MAFLD. By searching 
relevant articles, we found that the RBPs associated with 
insulin resistance and hepatic fat deposition included 
DDX1, QKI 5, TTP, etc (53-55). We summarized 
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and demonstrated the first three RBPs with clearer 
mechanisms in insulin resistance and liver fat deposition 
(Figure 3).

3.1.1. Tristetraprolin

TTP (also known as zinc finger protein 36) is an mRNA-
binding protein that can suppress more than 20 cytokines, 
including Tumor Necrosis Factor α (TNF-α), interleukin 
6 (IL-6), IL-1, and Monocyte Chemoattractant Protein-1 
(56). Under certain circumstances, inflammation can 
improve insulin sensitivity. For instance, downregulation 
of the TNF-α pathway can promote insulin sensitivity 
(57,58). TTP has been reported to control the TNF-α 
level through binding to the AU-rich element region 
of TNF-α mRNA (59). TTP can also be upregulated 
by TNF-α treatment (60). Therefore, we theorize that 
TTP and TNF-α reciprocally regulate each other and 
play a crucial role in inflammation and metabolic 
disturbance. Recent reports suggest a potentially novel 
role for TTP in the regulation of metabolism, especially 
in hepatic glucose and lipid metabolism (61). TTP has 
an antagonistic effect with HuR and their relationship 
has been extensively studied in the field of metabolic 
syndrome (62,63). In healthy humans, hepatic TTP at 
a base level can maintain systemic insulin sensitivity. 
Caracciolo et al. demonstrated that in the liver of 
obese mice, enhancement of TTP expression levels 
occurred in Kupffer cells but not in hepatocytes, which 
was associated with increased liver inflammation and 
protection against insulin resistance (64). According 
to an analysis of secreted hepatic factors by Sawicki et 
al., fibroblast growth factor 21 (FGF21), an important 
hormone in liver, is posttranscriptionally repressed 
by TTP and further modulates insulin responsiveness. 
Loss of TTP also amplifies FGF21 expression (65). 
In summary, lowering hepatic TTP levels, which has 
significant functional impact on hepatic and systemic 
insulin sensitivity, may open up a new avenue for treating 
various metabolic syndromes.

3.1.2 Heterogeneous nuclear ribonucleoprotein A1

Heterogeneous nuclear ribonucleoproteins (hnRNPs) are 
a big family of over 20 RNA-binding proteins found in 
mammalian cells (66). Human heterogeneous nuclear 
ribonucleoprotein A1 (HnRNPA1) is a highly enriched 
hnRNP that is generally used to stabilize mRNA and 
regulate mRNA gene expression (67). Recent evidence 
suggests that hnRNPA1 plays a key role in regulating 
lipid and glucose metabolism. HnRNPA1 has been 
shown to be related to the formation of pyruvate kinase 
isoform 2 mRNA (68). In the adipose tissues of obese 
patients, hnRNPA1 expression is significantly decreased. 
Moreover, hnRNPA1 is also associated with insulin 
receptor alternative splicing in people with weight loss 
(69). According to the experiment conducted by Zhao 

et al., hnRNPA1 knockout mice exhibited decreased 
glycogen storage, severe insulin resistance and hepatic 
steatosis (70). They further suggested that this was 
because hnRNPA1 can interact with glycogen synthase 
1(gys1) mRNA, thereby promoting glycogen synthesis 
and maintaining the sensitivity of insulin (70). Another 
study elaborated that lncRNA suppressor of hepatic 
gluconeogenesis and lipogenesis (lncSHGL) can recruit 
hnRNPA1, and co-regulate calmodulin (CaM) protein 
at the post-transcriptional level, which perform an 
important part in inhibiting hepatic gluconeogenesis and 
adipogenesis. The lncSHGL/hnRNPA1/CaM pathway 
also takes part in the regulation of phosphatidyl inositol 
3-kinase (PI3K)/Akt pathway activity, which affects the 
production of hepatic glucose (71). Besides, a study by 
Gui et al. also revealed that hnRNPA1 regulates lipid 
metabolism by interacting with H19 and increasing the 
translation of fatty acid oxidation-related genes carnitine 
palmitoyl transferase 1B (CPT1b) and peroxisome 
proliferators-activated receptor γ coactivator l alpha 
(PGC1α), thereby improving insulin resistance (72,73).

3.1.3. Serine rich splicing factor 10

Serine rich splicing factor 10 (SRSF10), which belongs 
to the SR-like protein family of splicing factors, can 
regulate RNA processing (74). For the past few years, 
SRSF10 has been demonstrated to be associated 
with adipocyte differentiation and lipogenesis, and 
its expression level is decreased in liver and muscle 
of obese populations (60). LPIN1, a key regulator of 
lipid metabolism, is positively correlated with insulin 
resistance in adipose tissue and liver (74,75). Research 
shows that SRSF10 can selectively down-regulate the 
alternative splicing of LPIN1 and produce the LPIN1 
β isoform associated with increased expression of 
adipogenesis genes, thereby stimulating lipogenesis 
and causing hepatic steatosis (76). Besides, insulin can 
regulate the expression of SRSF10. SRSF10 in liver is 
increased by the overexpression of constitutively active 
Forkhead Box 01(Fox01), which is resistant to nuclear 
exclusion by insulin (77). Furthermore, the activation of 
Cdc2-like kinase family proteins (CLK) by insulin can 
alter the phosphorylation and activity of SRSF10 (78). 
In addition, several studies also found a class III histone 
deacetylase in the liver, mainly called SIRT1, which can 
regulate multiple lipid metabolism pathways such as 
liver lipogenesis, fatty acid beta-oxidation, lipoprotein 
uptake and secretion (11). The interaction between 
SRSF10 and SIRT1 has been extensively studied. At 
both transcriptional and post-transcriptional levels, 
SRSF10 is upregulated by SIRT1, which is attributed to 
the increased stability of SRSF10 mRNA. Some studies 
also speculated that SIRT1 also physically interacted 
with SRSF10 though altering the acetylation status of 
SRSF10 and preventing its proteasomal degradation, 
thereby stabilizing and increasing the expression level of 
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Table 1. RBPs in the occurrence and development of MAFLD

RBPs

TTP
HnRNPA1

SRSF10
HuR

CPEB1
CPEB4
EIF4E
IGF2BP2
FTO
HnRNPU
AEG-1

LIN28
CUGBP1
RBMS4

Expression

↑
↓

↓
↓

↓
↑
↑
↑
↑
↓
↑

↑
↑
↑

RBPs, RNA binding proteins; MAFLD, metabolic-associated fatty liver disease; TTP, Tristetraprolin; TNF-α, tumor necrosis factor α; HnRNPA1, 
Human heterogeneous nuclear ribonucleoprotein A1; gys1, glycogen synthase 1; CaM, calmodulin; SRSF10, Serine rich splicing factor 10; 
HuR, Human antigen R; Insig1, insulin-induced gene 1; C/EBPβ, CCAAT enhancer-binding protein beta; APOA4, Apolipoprotein A-IV; PTEN, 
phosphatase and tensin homolog; HAMP, Heparin affin regulatory peptide; CPEB1, Cytoplasmic polyadenylation element binding protein 1; 
PFKFB3, 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 3; EIF4E, Eukaryotic initiation factor 4E; CD36, Recombinant Cluster Of 
Differentiation 36; IGF2BP2, insulin-like growth factor 2 mRNA binding protein; FTO, fat mass and obesity-associated protein; TSC1, tuberous 
sclerosis 1; hnRNPU, a nuclear matrix protein; TrkB, Tyrosine Kinase receptor B; Blnc1, brown fat-enriched lncRNA 1; AEG-1, astrocyte elevated 
gene-1; PPARα, Peroxisome proliferator-activated receptor α; NF-κB, nuclear factor kappa-B; CUGBP1, CUG-binding protein 1; IFN-γ, interferon γ; 
RBMS4, an RNA binding protein; Prx1, Peroxiredoxin 1; ROS, reactive oxygen species; HSCs, hepatic stellate cells.

Expression

↑
↓

-
↓

↑
↑
↑
↓
↓
↑
↓
↑
↓
↓
↑

Target

TNF-α mRNA, Linc-SCRG1
gys1 mRNA, CaM, H19

LPIN1
Insig1 mRNA, C/EBPβ mRNA, 
APOA4 mRNA,PTEN mRNA, 
HAMP mRNA
IL-6, PTEN, STAT3
PFKFB3
CD36 mRNA
IGF1 mRNA
TSC1 mRNA
TrkB, Blnc1
PPARα
NF-κB
miR-200c
IFN-γ mRNA
Prx1 mRNA

Mechanism

increase liver inflammation and protect against insulin resistance
decrease glycogen storage, and induce hepatic gluconeogenesis 
and adipogenesis
stimulate lipogenesis and induce hepatic steatosis
influence liver homeostasis and hepatic iron deposition

interfere with glucose metabolism and cause insulin resistance
regulate UPR
increase liver inflammation
increase hepatic iron deposition and free cholesterol
increase ROS release and mitochondrial dysfunction
promote liver inflammation and stress-induced cell death
drive hepatic inflammation and fibrosis

cause liver fibrosis
promote HSCs activation
promote HSCs activation

Ref.

(60,127)
(70)

(79)
(87,89)

(120)
(97)
(100)
(148)
(149)
(109)
(112)

(117)
(118)
(121)

Figure 3. RNA-RBPS interaction in insulin resistance and liver fat deposition. Here, we summarize and show the main mechanisms of RNA-
RBPS on insulin resistance and liver fat deposition. TTP can control the TNF-α level by binding to the AU-rich element (ARE) region of TNF-α 
mRNA and be upregulated by TNF-α treatment therefore playing a role in inflammation and metabolic disturbance. Post-transcriptional repression 
of FGF21 mRNA by TTP, which in turn regulates insulin responsiveness. Increased levels of TTP expression in Kupffer cells heighten liver 
inflammation and insulin resistance. lncSHGL regulates CaM levels at the post-transcriptional level and the lncSHGL / hnRNPA1 / CaM pathway is 
also involved in regulating the activity of the PI3K/Akt pathway to influence hepatic gluconeogenesis and adipogenesis. hnRNPA1 can interact with 
gys1 mRNA, thereby promoting glycogen synthesis and maintaining the sensitivity of insulin. hnRNPA1 interacts with H19 increasing the translation 
of fatty acid oxidation-related genes CPT1b and PGC1α, thereby improving insulin resistance. SRSF10 selectively down-regulates alternative 
splicing of LPIN1 to produce the LPIN1 β isoform, thereby stimulating adipogenesis and leading to hepatic steatosis. Activation of CLK by insulin 
can alter the phosphorylation and activity of SRSF10, and SRSF10 can be increased in the liver by overexpression of Fox01, which is resistant to 
nuclear rejection by insulin. SIRT1 upregulates SRSF10 by increasing the mRNA stability of SRSF10. SIRT1 also interacts with SRSF10 and alters 
the acetylation state of SRSF10 and prevents its proteasomal degradation, thereby increasing the expression level of SRSF10 protein.
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SRSF10 protein in hepatocytes (79). However, to date, 
the molecular mechanism of how hepatic SRSF10 is 
regulated remains largely unknown, and further research 
is necessary.

3.2. MAFLD

MAFLD is the most common chronic liver disease. 
Despite increasing advances in the understanding of 
the pathophysiology of MAFLD, the exact mechanisms 
towards liver damage development remain unclear. And 
we urgently need to find therapeutic targets for MAFLD. 
Here, we summarize and show the first three RBPs with 
more specific mechanisms and more definite pathways in 
MAFLD (Figure 4).

3.2.1. Human antigen R

HuR is a member of the Hu RNA-binding protein family 
and is implicated in metabolism of RNAs (80). HuR is 
involved in a variety of important cellular processes, 
including inflammation, stress responses, carcinogenesis 
and apoptosis (81). HuR is widely considered to be a 
main regulator of liver homeostasis and the reduced 
expression of HuR will cause spontaneous steatosis 
and promote liver fibrosis (82). The study by Siang 

et al. has shown that HuR is an important inhibitor of 
adipogenesis found in both white adipose tissue and 
brown adipose tissue (83). Downregulation of HuR 
in adipose tissue greatly increases adipose mass, and 
glucose-intolerance and insulin-resistance appear 
at the same time. Mechanistically, HuR can inhibit 
adipogenesis by binding and stabilizing the mRNA 
of insulin-induced gene 1 (Insig1), which is a passive 
regulator of adipogenesis. S-adenosylmethionine (SAM) 
can increase the expression of Ang II type 1 receptor 
(AT1R)-associated protein (ATRAP) protein, and HuR 
also plays a vital role in it. Mechanistically, low SAM 
levels induced by MAFLD lead to demethylation of 
HuR, thereby resulting in downstream nuclear shuttling 
of ATRAP mRNA (84). Besides, in the early stages of 
adipogenesis, HuR can directly bind to the 3'UTR of 
CCAAT enhancer-binding protein beta (C/EBPβ) mRNA, 
which participates in the initiation of adipogenesis (85). 
HuR can also directly interact with Apolipoprotein 
A-IV (APOA4) and stabilize its mRNA expression, 
which is a plasma lipoprotein that regulates lipid and 
glucose metabolism by promoting the secretion of TG 
(86). In addition, Tian et al. also found that HuR could 
regulate lipid and sugar metabolism though improving 
the stability of phosphatase and tensin homolog (PTEN) 
mRNA. Deletion of HuR selectively decreased the 

Figure 4. RNA-RBPS interaction in MAFLD. Here, we summarize and show the main mechanisms on RNA-RBPS in MAFLD. HuR can inhibit 
lipid formation by binding and stabilizing Insig1 mRNAs and C/EBPβ mRNAs and regulate iron absorption, transport and release by binding to the 
3'UTR of HAMP mRNA. The low SAM levels induced by MAFLD lead to the demethylation of HuR, resulting in downstream nuclear shuttling of 
ATRAP mRNA. HuR also interacts directly with APOA4 and stabilizes its mRNA expression, regulating lipid and glucose metabolism by promoting 
the secretion of TG. ATGL mediates the regulation of lipolysis by HuR, which regulates lipid transport and ATP synthesis to prevent MAFLD. HuR 
also regulates glucolipid metabolism by increasing the stability of PTEN mRNA. HuR deletion decreases PTEN expression, which exacerbates 
hepatic steatosis in mice, but also reduces insulin resistance. Elevated levels of CPEB1 induce pathological angiogenesis in chronic liver disease, 
while decreased levels of CPEB1 lead to upregulation of IL-6, PTEN and STAT3, resulting in insulin resistance. CPEB4 affects the transduction of 
UPR to pro-apoptotic signaling in hepatocytes, and the translational regulation of CPEB4 contributes to the attenuation of HFD-induced ER stress 
in the liver. Inflammation enhances phosphorylation of mTOR and its downstream translational regulators such as p70S6K, EIF4E and EIF4EBP1, 
which then stimulate translation of CD36, leading to increased levels of CD36 protein in the liver.
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expression of PTEN, thereby aggravating liver steatosis 
in mice but also alleviating insulin resistance (87). Li 
et al. used adipose-specific HuR knockout (HuRAKO) 
mice as a model and found that HuRAKO mice showed 
obesity along with insulin resistance and exacerbated 
hepatic steatosis (88). Mechanistically, they suggested 
that adipose triglyceride lipase (ATGL), the major 
lipolytic enzyme, mediated the regulation of lipolysis by 
HuR. Zhang et al. also found that HuR can regulate lipid 
transport and ATP synthesis to prevent MAFLD using an 
animal model (89). SAM, a principle biological methyl 
donor involved in many metabolic pathways, is enriched 
in liver and downregulated in MAFLD patients (90). 
The latest studies noted that hepatic iron deposition is 
significantly associated with advanced MAFLD and liver 
fibrosis (91). Heparin affin regulatory peptide (HAMP) 
is an important mediator of iron absorption, transport 
and release, and is mainly expressed in the liver. HuR 
can bind to the 3'UTR of HAMP mRNA to upregulate 
its level (92). As discussed above, we can conclude that 
HuR, as a key regulator of lipid and glucose metabolism, 
may be a useful therapeutic target for MAFLD.

3.2.2. Cytoplasmic polyadenylation element binding 
protein

The cytoplasmic polyadenylation element binding 
protein (CPEB) family is a class of RBPs that regulate 
mRNA translation under hepatic metabolic stress (93). 
The amount of CPEB varies in different species and 
each member of the CPEB family has its own identity 
and role. Cytoplasmic polyadenylation element binding 
protein 1(CPEB1) is the most extensively studied CPEB, 
which is associated with meiosis, cell senescence, 
inflammation, glucose metabolism and liver homeostasis 
(94). When CPEB1 levels are reduced, IL-6, PTEN and 
signal transducer and activator of transcription 3 will be 
correspondingly up-regulated, thereby interfering with 
glucose metabolism and causing insulin resistance, which 
may lead to the occurrence of some liver diseases such as 
MAFLD (95). Moreover, elevated levels of CPEB1 will 
induce pathological angiogenesis in chronic liver disease 
(96). CPEB4 is identified to be associated with hepatic 
steatosis under ER stress and can regulate unfolded 
protein response (UPR), which is of great significance 
in the pathogenesis of MAFLD (97). A study by Maillo 
et al. has shown that the level of CPEB4 mRNA in 
the liver is mediated in a special circadian way (97). 
There is a connection between biological rhythm and 
metabolic homeostasis. Alterations in levels of CPEB4 
affect the transduction of UPR to pro-apoptotic signals 
in hepatocytes, while translational regulation of CPEB4 
contributes to alleviation of high fat diet (HFD)-induced 
hepatic ER stress. Thus, CPEB4 deficiency promotes 
MAFLD.

3.2.3. Eukaryotic Initiation Factor 4E

Eukaryotic initiation factor 4E (EIF4E), an mRNA cap-
binding protein, affects mRNA-ribosome interactions 
and capture-dependent translation through interacting 
with eukaryotic initiation factor 4G (98). Hepatic 
inflammatory stress is critical for lipid accumulation 
and is an independent risk factor for the development of 
MAFLD. The mammalian target of rapamycin(mTOR) 
is a widely expressed and highly conserved serine/
threonine kinase involved in the progression of metabolic 
syndrome under inflammatory stress (99). The mTOR 
downstream effectors mainly include EIF4E binding 
proteins and ribosomal protein S6K kinase (100). 
Recombinant Cluster of Differentiation 36(CD36), a 
transmembrane glycoprotein can promote the intake of 
long-chain fatty acids to induce hepatic steatosis, thereby 
leading to MAFLD (101). Wang et al. demonstrated that 
inflammatory stress enhanced phosphorylation of mTOR 
and its downstream translational regulators such as 
ribosome S6 protein kinase (p70S6K), EIF4E and EIF4E 
Binding Protein 1(EIF4EBP1), and then stimulated the 
translation of CD36, ultimately resulting in increased 
levels of CD36 protein in the liver (102). Rapamycin is 
a specific mTOR inhibitor that has an effect against lipid 
deposition in MAFLD treatment. Rapamycin can reduce 
CD36 protein expression through inhibiting mTOR 
pathway and phosphorylation of downstream effectors 
(103). All of these results show a molecular mechanism 
underlying the development of MAFLD and provide 
new evidence for MAFLD treatment. In addition, EIF4E 
also may play a vital role in progression from MAFLD 
to HCC (100).

3.3. NASH

NASH is a late-stage MAFLD manifestation, and is also 
one of the most common causes of liver failure globally. 
NASH is characterized by persistent liver damage, 
chronic inflammation and different degrees of liver 
fibrosis (104). Here, we list and summarize several RBPs 
associated with the development of NASH.
 M6A is the most abundant form of internal RNA 
modifications in messenger RNA, microRNA, and 
non-coding RNA. Methylation of m6A RNA plays a 
significant part in hepatic lipid metabolism disorder. 
Both insulin-like growth factor 2 mRNA binding 
proteins (IGF2BPs) and YTHDF1 can recognize 
m6A methylation, and then act as signal transducers 
and facilitators in MAFLD-NASH-HCC progression 
(105,106). The accumulation of free cholesterol in the 
liver is an important trigger for the occurrence of severe 
NASH. Simon et al. also elaborated that insulin-like 
growth factor 2 mRNA binding protein (IGF2BP2) can 
promote NASH by increasing hepatic iron deposition 
and free cholesterol (107). FTO belongs to the AlkB 
family of enzymes and is also an important class of 
RBPs that demethylates specifically mRNA m6A. 
Studies have shown that upregulation of FTO will induce 
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increased reactive oxygen species (ROS) release and 
mitochondrial dysfunction, thereby leading to more 
severe NASH (108). Furthermore, hepatocellular specific 
inactivation of hnRNPU (a nuclear matrix protein) will 
exacerbate HFD-induced NASH through aberrantly 
inducing a truncated Tyrosine Kinase receptor B (TrkB) 
isoform that promotes liver inflammation and stress-
induced cell death, including liver injury, inflammation 
and fibrosis (109). Lack of Blnc1 in the liver can 
improve NASH, while some RBPs can interact with 
Blnc1, such as endothelial differentiation-related factor 
1 (EDF1), YBX1 and hnRNPU (49). Jin et al. proposed 
that circRNA_002581 positively regulates CPEB1 via 
sponge miR-122, a pathway with therapeutic potential 
for NASH (110). Hepatic farnesoid X receptor (FXR) is 
an important regulator of lipid homeostasis that prevents 
NASH, and its expression correlates with the severity 
of NASH (111). FXR activation can increase HuR, 
which maintains hepatocyte homeostasis under normal 
conditions (82). In addition, there are also some RBPs 
that play a vital role in the fibrosis process of NASH. 
AEG-1 (astrocyte elevated gene-1), an ER membrane-
anchored RBP, which regulates fatty acid β-oxidation 
(FAO) by inhibiting PPARα activation, and promoted 
translation of mRNAs encoding fatty acid–synthesizing 
enzymes, thereby promoting de novo lipogenesis (DNL). 

Moreover, AEG-1 also can activate NF-κB signal 
pathway to drive hepatic inflammation and fibrosis (112). 
Gerhard et al. demonstrated that adipocyte enhancer 
binding protein 1 (AEBP1) expression parallels the 
worsening of fibrosis severity in NASH, which can 
regulate many differentially expressed genes about 
NASH (113). AEBP1 interacted with miR-372-3p and 
miR-373-3p, which were shown to be significantly 
downregulated in NASH fibrosis. Furthermore, a mutual 
effect between AEBP1 and PTEN has been explored 
and results revealed a vital function of AEBP1 in hepatic 
fibrosis in NASH patients. These RBPs are increasingly 
recognized as viable targets for treating NASH and 
MAFLD-NASH-HCC. Hence, it is essential to get a deep 
understanding of their functions and mechanisms.

3.4. Liver Cirrhosis

MAFLD and NASH are  considered to  be  the 
predecessors of liver fibrosis and eventually cirrhosis. 
The main feature of liver fibrosis is excessive activation 
of HSCs (114). The dysregulated expression of RBPs also 
has a strong impact on the occurrence of liver cirrhosis 
(Figure 5), such as HNRNPA1, LIN28, HuR, TTP and so 
on. HnRNPA1, which usually is located in the nucleus, 
is overexpressed in mouse HSCs. ER stress in hepatic 
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Figure 5. RNA-RBPS interaction in NASH and Liver Cirrhosis. Here, we summarize and show the main mechanisms on RNA-RBPS in NASH 
and Liver Cirrhosis. IGF2BPs can recognize m6A methylation and facilitate the progression of NAFLD-NASH-HCC. And IGF2BP2 promotes the 
development of NASH by increasing hepatic iron deposition. FTO specifically demethylates mRNA m6A and upregulation of FTO will initiate 
increased ROS release and mitochondrial dysfunction, leading to more severe NASH. hnRNPU promotes hepatic inflammation and stress-induced 
cell death through the induction of truncated TrkB isoforms, leading to liver injury, inflammation and fibrosis. HuR binds to SphK1 and stabilizes its 
mRNA after TGF-β stimulation. On the other hand, HuR attenuates the effect of HSCs by promoting HSCs ferroptosis. AEG-1 is an ER membrane-
anchored RBP that regulates FAO by inhibiting the activation of PPARα and promotes the translation of mRNAs encoding fatty acid synthases, 
thereby promoting DNL. In addition, AEG-1 activates the NF-κB signaling pathway, driving liver inflammation and fibrosis. Dysregulation of 
PERK phosphorylation and HNRNPA1 expression mediates endoplasmic reticulum stress in hepatic stellate cells and miR-18A induces SMAD2 
overexpression, leading to liver fibrosis and cirrhosis. CUGBP1 binds specifically to IFN-g mRNA and contributes to the TGF-β signaling pathway, 
thereby promoting the activation of HSCs, ultimately resulting in the development of fibrosis and cirrhosis.
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stellate cells is mediated by protein kinase RNA–like 
endoplasmic reticulum kinase (PERK) phosphorylation 
and dysregulated expression of HNRNPA1, and then 
induces recombinant others against decapentaplegic 
homolog 2(SMAD2) overexpression by miR-18A, 
thereby causing liver fibrosis and cirrhosis (115). 
LIN28 is a highly conserved RBP involved in many 
eukaryotic cellular processes and its main function is cell 
transformation, which is likely to play an important role 
in liver fibrosis repair (116). In the process of MAFLD-
NASH-HCC, the expression of LIN28 is abnormally 
increased. A recent study showed that overexpression 
of miR-200c bound to LIN28 can promote epithelial-
to-mesenchymal transition (EMT) and mesenchymal-
to-epithelial transition (MET), and the balance of EMT-
MET will decide whether NASH patients recover 
or develop liver cirrhosis (117). Wu et al. found that 
CUG-binding protein 1 (CUGBP1) showed elevated 
expression in HSCs, which is associated with the severity 
of liver fibrosis. CUGBP1 specifically binds to interferon 
(IFN)-γ mRNA and promotes the transforming growth 
factor (TGF)-β signal pathway, thereby promoting 
the activation of HSCs, which ultimately leads to the 
occurrence of fibrosis and liver cirrhosis (118). CPEB4, 
a member of the CPEB family, is highly expressed in the 
liver and has also been found to prevent HSCs activation 
and liver fibrosis by silencing (119). In the early stage 
of HSC activation, 6-phosphofructo-2-kinase/fructose-
2,6-bisphosphatase 3(PFKFB3) protein is continuously 
upregulated by CPEB4 and its binding RNA, which has 
become a potential target for anti-fibrosis and prevention 
of liver cirrhosis (120). An RBP called RBMS3 can 
specifically bind to the 3'UTR of Peroxiredoxin 1(Prx1) 
mRNA and increase Prx1 protein expression. Fritz et 
al. found that RBMS3 expression in fibrotic liver was 
highly expressed, and its expression level increased with 
increasing HSCs activity(121). Moreover, p62 is an RBP 
class with an RNA-binding motif. Lu et al. showed that 
p62 was sporadically expressed in cirrhotic nodules cells 
and may be associated with hyperproliferating cells (122).
 Notably, in recent years, ferroptosis was revealed to 
be closely associated with liver fibrosis and may become 
a potential target for liver fibrosis therapy. HuR has long 
been described as a key player in MAFLD and NASH, 
and has also been found to contribute to the activation 
of HSCs and development of liver fibrosis (113). In 
activated HSCs, HuR expression is highly increased 
(123). Upregulation of sphingosine kinase 1 (SphK1) 
is involved in HSCs activation induced by the TGF-β 
signaling pathway. On the one hand, HuR can bind to 
SphK1 and stabilize its mRNA after TGF-β stimulation 
(124). On the other hand, HuR alleviates the effect of 
HSCs by promoting HSCs ferroptosis (125). TTP, which 
belongs to the same AU-rich element-binding proteins 
as HuR, has several important roles in different stages 
of liver fibrosis. TTP has been shown to inhibit HSC 
ferroptosis by binding to autophagy-related 16-like 1 

mRNA (126). Finally, gene chip detection identified an 
lncRNA called linc-SCRG1, which was up-regulated 
13.62-fold in human liver cirrhosis (127). Linc-SCRG1 
can specifically bind to TTP and has the ability to inhibit 
the phenotypic inactivation of HSCs, thereby delaying 
the progression of cirrhosis.

4. Non-Coding RNA-RBPs Interaction in MAFLD

MAFLD is closely associated with systemic energy 
metabolism disorders and can progress from simple 
steatosis to NASH and eventually to cirrhosis (2). 
Recently, many studies found that the relationship 
between non-coding RNAs (ncRNAs) and RBP 
was involved in the occurrence and development of 
MAFLD. Here, we introduced several key ncRNA-RBP 
interactions for MAFLD.
 HuR mentioned above is an important RBP for 
MAFLD. Studies have shown that HuR can upregulate 
multiple lncRNAs, such as lncRNA NEAT1, LINC00336 
and lncRNA UFC1, further promoting cell proliferation 
and invasion and inhibiting cell apoptosis (85). 
Apolipoprotein A-IV (APOA4), a plasma lipoprotein, 
can regulate glucose and lipid metabolism by promoting 
the secretion of TG. A study found that both antisense 
lncRNA APOA4-AS and APOA4 are significantly 
upregulated in MAFLD, and APOA4-AS can interact 
with HuR directly. After knockdown of HuR, APOA4-
AS levels were significantly reduced, resulting in lower 
plasma TG and TC levels. CPEB1 has been shown to 
have an important role in chronic liver disease. MiR-
122, the most common miRNA in adult liver, has been 
identified to be a downstream target of circRNA_002581 
and an upstream regulator of CPEB1. Jinet al. confirmed 
the existence of circRNA_002581-miR-122-CPEB1 
axis in vitro, which is involved in NASH pathogenesis 
by inhibiting autophagy related to the PTEN-AMPK-
mTOR pathway (110). SIRT1 plays an important role in 
many metabolic diseases, including MAFLD. Among 
them, SIRT1 in liver can regulate the expression of 
QKI 5 by the PPARα/FoxO1 signal pathway, which 
belongs to the STAR family of RNA-binding proteins, 
and SIRT1 siRNA can induce acetylation of QKI 5 (11). 
A recent study by Chen et al. showed that silencing 
circRNA_0000660 can significantly inhibit miR-693 
to upregulate IGFBP1 level, thereby reducing lipid 
accumulation in liver and alleviating MAFLD (128). 
In addition, several lncRNAs have been demonstrated 
to be tightly associated with RBPs. Hepatic lncSHGL 
can participate in MAFLD development by promoting 
fasting hyperglycemia and lipid deposition in mice. 
Wang et al. also found that lncSHGL can enhance 
HnRNPA1 to promote CaM mRNA translation (129). 
Moreover, studies found that lncRNA Blnc1 was elevated 
abnormally in MAFLD mice, which was associated 
with hepatic steatosis and insulin resistance. Proteomic 
analysis found that EDF1, YBX1 and hnRNPU all 
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interacted with Blnc1.
 Except for RNA-RBP interactions, some RBPs 
also can directly interact with RBPs or proteins, 
thereby affecting the development of MAFLD. For 
instance, Tian et al. have showed that HuR can regulate 
intracellular cholesterol homeostasis by regulating 
the expression of ATP-binding cassette transporter 
A1 (ABCA1) (87). And Woodhoo et al. have found 
that HuR also reduces profibrotic effects induced by 
TGF-β through significantly silencing the expression 
of alpha smooth muscle actin (a-SMA) (130). Also, 
downregulation of CUGBP1 can also suppress a-SMA 
expression, and can further promote the IFN-γ signaling 
pathway, which is associated with the progression of 
liver fibrosis (118). Moreover, PINX1 (Pin2/TRF1 
interacting protein) has been found to be overexpressed 
in patients with cirrhosis. A study by Huang et al. has 
demonstrated that inhibition of PinX1 can significantly 
increase telomere length and telomerase activity, 
thereby attenuating the progression of MAFLD in vivo 
and in vitro (131). In addition, DDX1, an RBP that 
regulates insulin, can increase blood glucose through 
mediated inhibition of insulin translation. DDX1 can 
interact with another RBP called eIF4B, which is a 
well-established factor for translation initiation(132). 
Therefore, it is tempting to speculate about the 
importance of future studies on the interactions between 
RBPs and other molecules, and it will help us to 
elucidate the pathological mechanism of MAFLD.

5. Potential Drugs Targeting RBPs in MAFLD

Nowadays, the development of drugs targeted for 
RBPs has come to the fore given its significance in the 
evolution of MAFLD (7). This section will discuss the 
potential therapeutic drugs being studied for MAFLD 
targeted at RBPs (as shown in Table 2).
 Therapeutic targets for improving lipid metabolism 
of MAFLD can be developed in two ways: 1) to lower 
the metabolizing substrates in the liver; 2) to accelerate 
the effective metabolism of lipids in the liver (133). 
For example, SAM is a major biological methyl donor 
in mammalian cells, which is a defining factor of the 
subcellular localization of HuR (134). ATRAP was shown 
to potentially prevent abnormal metabolism of tissue, 
including lipid deposition and hepatic fibrosis (135). The 

low SAM concentration induced by MAFLD will cause 
HuR demethylation, which directly breaks the dynamic 
balance of nucleocytoplasmic shuttling of ATRAP 
mRNA. When SAM supplementation is provided, SAM 
maintains the nucleocytoplasmic shuttling of ATRAP 
mRNA by regulating HuR methylation and upregulates 
the expression of ATRAP, thereby reducing the disorder 
of lipid metabolism and insulin resistance (84). One 
of the main physiological effects of betaine is to get 
involved in the methionine cycle in the human liver as a 
methyl donor (136). In addition, experiments in a mouse 
model have shown that the detected low methylation 
status of m6A and increased FTO expression could be 
corrected by betaine supplementation. This suggests that 
betaine supplementation can significantly reduce the 
liver function lesions and morphology damage caused 
by high fat as well as ectopic fat accumulation to prevent 
MAFLD (137). And most remarkably, betaine is a main 
component of many foods, including wheat, shellfish, 
spinach, and beets, which enlightens us that perhaps 
MAFLD can be treated by diet therapy (138). Moreover, 
exenatide is a glucagon like peptide-1 receptor agonist 
antidiabetic drug that can ameliorate insulin resistance 
and reduce hepatic steatosis (139). Li et al. established 
animal models with MAFLD induced by a HFD and the 
related cell culture models and studied the protective 
effect of exenatide on the fatty liver through FTO genes 
in vivo and in vitro technologies. Histological analysis 
indicates that exenatide significantly reverses HF-
induced lipid accumulation and inflammatory evolution, 
accompanied by a dropping expression of FTO mRNA 
and protein, which may represent an effective treatment 
strategy for MAFLD (140).
 The abnormally accumulated fat will advance the 
development of HCC and the metabolism of fat in the 
liver is closely related to the regulation of functional 
proteins (141). Translation factors such as EIF4E act 
continuously on the evolution from MAFLD to HCC 
(142). In this regard, it is identified in a study that three 
compounds (eIFsixty-1, eIFsixty-4, eIFsixty-6) can 
inhibit the binding of eIF-6 and 60S and the translation 
of Lipogenic enzymes, which can delay the formation 
and growth of HCC nodules without obvious negative 
side effects (100). The RNA-binding protein TTP can 
regulate about 2500 genes, the functional modification 
of which represents a promising therapeutic strategy 
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Table 2. Potential Drugs Targeting RBPs in the development of MAFLD

Drugs

SAM
Betaine 
Exenatide
eIFsixty-1,4,6
PHA-781089

Disease

MAFLD
MAFLD
MAFLD

HCC
HCC

RBPs, RNA binding proteins; MAFLD, metabolic-associated fatty liver disease; NASH, nonalcoholic steatohepatitis; SAM, S-adenosylmethionine; 
FTO, fat mass and obesity-associated protein; HCC, hepatocellular carcinoma; eIF6, eukaryotic translation initiation factor 6; TTP, Tristetraprolin.

                                    Function

maintain metabolic homeostasis
decrease de novo lipogenesis, increase lipolysis
reverse lipid accumulation, promote inflammation regression
inhibit HCC formation
induce apoptosis of HCC

Target

HuR↑
FTO↓
FTO↓

EIF4E↓
TTP↓

Ref.

(84)
(137)
(140)
(100)
(145)
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for HCC (143). It has been shown that the consumption 
of TTP in HCC cell lines prevents HCC cells from 
apoptosis (144). PHA-781089, a MAPKAP2 (MK2) 
inhibitor, was used as an inhibitor of TTP functions in a 
study, which showed that mRNA expression of the TTP 
target can be restored in the presence of MK2 inhibitors 
and this is a sign that the MK2/TTP pathway plays a role 
in the proliferation and maintenance of HCC (145).
 However, we should be careful about the side effects 
of targeting RBPs in MAFLD therapy. For example, HuR 
is involved in the production of cellular inflammation. 
One inflammatory phenotype is largely the driving force 
behind HuR's implications in heart-related diseases 
including vascular inflammation and atherosclerosis 
(146). Besides, some pathogenic microorganisms like 
Hepatitis C virus use HuR biology to promote disease 
progression (147) .
 In conclusion, a network of gene expression 
regulation through multiple approaches involved in RBPs 
will contribute to the new drug design and biomarker 
discoveries of MAFLD and other related liver diseases 
that evolved from MAFLD. The advanced therapies for 
MAFLD derived from RBP are being tested and will be 
gradually applied.

6. Conclusion

In recent years, the vital roles of RBPs have been 
demonstrated in the development of MAFLD. With 
the development of biological and molecular science, 
more and more RBPs and target RNAs in MAFLD have 
been discovered, allowing us to better understand the 
occurrence of MAFLD. In this review, we conclude that 
these RBPs are associated with insulin resistance and 
liver fat deposition, MAFLD, NASH and liver cirrhosis. 
Therefore, we discuss the ncRBP-RNA interactions in 
MAFLD and several drugs related to RBPs in MAFLD 
therapy.
 Currently, the research on the specific mechanism 
of RBP is not well studied, and drug strategies targeting 
RBPs are still in the start-up stage, just like MAFLD. 
Notably, the different alternative splicing regulation 
of RBPs will lead to the complexity of their protein 
functions. Protein functional structure of targeted RBPs 
with high selection may be effective in reducing the 
occurrence of side effects. From what has been discussed 
above, posttranscriptional modulation by RBPs is 
becoming an important constructive mechanism in the 
occurrence and development of MAFLD, which still 
needs further studies to elucidate the complex regulatory 
network in MAFLD and other metabolic diseases.
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vaccinations, virus mutations, government policies and PCR tests
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1. Introduction

On January 24, 2020, the Tokyo Metropolitan 
Government detected the first case of COVID-19 
infection (1). After this detection, Japan promptly 
took various actions, including distributing masks to 
households and banning entries from 159 countries 
and regions. There have already been seven waves of 
infections since then until October 2022. The epidemic 
trends in Tokyo have different characteristics compared 
with those in New York, London and other European 
countries. Daily confirmed cases of the three cities (Tokyo, 
New York and London) reached a coincident historical 
high in January 2022. Daily infections have dropped 
since then for New York and London, while the reported 
cases in Tokyo continue to surge to a new high in August 
2022. We notice that there is still no timely study on the 
reason behind such a difference in the past waves, In the 
meantime, no comprehensive study has been conducted 
to predict the epidemic trend for the eighth wave based on 
different scenarios. At the outset of research, we assume 
that four factors, namely vaccination rollouts, virus 
mutation, government policies and PCR tests mainly 
influenced the epidemic trend, under the following 

considerations: 1) vaccination helps provide antibodies 
so as to reduce the Coronavirus spread; 2) viruses with 
mutations may become more infectious by escaping 
immunity; 3)  the government can set up regulations 
regarding travel restrictions and etc. aiming to slow 
down  the spreading of virus; and 4) the capacity of PCR 
tests has nontrivial impacts on the number of confirmed 
cases.  The reasons for choosing the first three factors are 
relatively clear, while the reason to include the PCR tests 
needs a further explanation. In short, there exists a strong 
correlation between the number of conducted PCR tests 
and the number of confirmed cases, details of which shall 
be discussed in Sec. 1.4.
 There has been existing research related to our 
study. Chiba (2) discusses the measures to control 
epidemic spread in Japan from three aspects: mobility 
control, reducing restaurant hours and working at home. 
Yamauchi and others (3)  examine the association beween 
epidemic dynamics, government measures and the 
daytime population in Tokyo. Murakami  and others (4) 
use agent-based modeling and GPS analysis to simulate 
infection spread and inhibition in Tokyo, addressing the 
importance of city lockdown and prevention measures in 
service facilities. Yasuda and others (5) suggest vaccine 

DOI: 10.5582/bst.2023.01012Original Article

SUMMARY

Keywords Agent-based modeling, COVID-19, Vaccination, IgG, PCR testing.

The eighth wave of COVID-19 infection in the Tokyo area has brought daily confirmed cases to a 
new higher level. This paper aims to explain the previous seven epidemic waves and forecast the 
eighth epidemic trend of the area using agent-based modeling and extended SEIR denotation. Four 
key considerations are investigated in this research, that are: 1. Vaccination, 2. Virus mutations, 3. 
Government policies and 4. PCR tests. Our study finds that the confirmed cases in the previous seven 
epidemic waves were only the tip of the iceberg. Using data prior to December 1 2022, the eighth wave 
is expected to hover high in December 2022 and January 2023. Our research pioneers in the simulation 
of antibody titer declination on an individual level level. Comparing the simulated results, we find 
that the arrival of new epidemic waves are related to the decline in the number of antibody possessors, 
especially during the sixth and the seventh epidemic waves. Our simulation also suggests that faced with 
low severe and low death rates, PCR tests would not make much difference to reduce overall infections. 
In this case, maintaining PCR tests to a low level helps to reduce both social cost and public anxiety. 
However, if faced with the opposite case, PCR tests should be adjusted to a higher level to detect early 
infections. Such level of PCR tests should be compatible with available medical resources.
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distribution strategies based on behavioral differences 
between residents in Tokyo and Osaka and conclude 
that high-risk older adults should be given priority when 
vaccine supplies are sufficient, but if vaccine supplies 
are scarce, vaccination of specific groups affected by 
the epidemic should be considered preferentially. It is 
worth noting that none of the above research took the 
vaccination, antibody titer declination, traveling policies, 
virus mutation, agents' heterogeneity and the advocation 
of PCR testing all into account, while our study is partially 
motivated by such a research gap.
 This research employs SEIR denotation (see Table 
1) and agent-based model building. We shall discuss 
details in the methodology part. Actual data of the 
aforementioned four factors are provided by the Tokyo 
Metropolitan Government and shall be fed into our model 
for validation. We expect that simulations can not only 
explain the emergence of the past seven waves but also be 
able to forecast the future trend of coronavirus infections. 
Specifically, our research aims to reproduce the arrival, the 
rise and decay, as well as the maximum number of daily 
infections for each wave. Moreover, the parameters of the 
model are subject to continuous revision based on online 
data published by the Tokyo Metropolitan Government, 
so that we can make timely predictions about future 
pandemic trends by creating different scenarios. Last but 
not the least, we hope this research could help to make 
some recommendations to government policies that may 
mitigate or even prevent future waves of infection.
 We organize the paper as follows: In the Introduction 
part (Sec. 1), we discuss the four key considerations and 
their significance to our research. In the Materials and 
Methods part (Sec. 2), agent-based modeling and extended 
SEIR modeling approaches are discussed. Also, a detailed 
explanation on the construction of our model is presented 
together with a cautious verification and calibration. 
Then, prudent predictions are put forward in Sec. 3 with 
six scenarios being considered. Lastly, we summarize our 
findings and recommendations in the conclusions part (Sec. 
4).
 We performed a prior investigation on the four 
postulated factors based on open-source public information 
and the Tokyo Metropolitan Government website (1). All 
the data and information collected here are used in the 
model building described in Sec. 2.2.

1.1. Vaccination

It is evident that mass vaccination helps to reduce 
severe rate and death rate (6). Table S1 (http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134) summarizes the five rounds of vaccination 
that have been carried out in Tokyo. At the latest update, 
Tokyo began the rollout of bivalent shots targeting 
Omicron variant on September 20, 2022, restricted 
to those aged 60 and over, and those with preexisting 
medical conditions as well. Because over 90% of 

Coronavirus deaths in Japan have been among those aged 
60 and older, the rollouts aim to protect the vulnerable 
and reduce the overall death cases. We notice that Tokyo 
began the rollout of bivalent shots for all citizens in late 
October 2022, as the confirmed cases surged to a new 
high.

1.2. Virus mutations

Table S2 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134) summarizes the dates 
when the notorious mutated viruses were first detected 
in Japan. Effective reproduction number and severe rate 
of these viruses are listed in the right columns of the 
table. As Table S2 (http://www.biosciencetrends.com/
action/getSupplementalData.php?ID=134) shows, the 
current trend is that the virus is becoming more infectious 
periodically judging from the effectiwe reproduction 
number while less lethal thanks to the combined efforts of 
continuously advanced policy measures, vaccinations and 
medical treatments.

1.3. Government policies

When considering government policies, this paper 
points to the city governance, guidelines for medical 
treatments, restrictions of border measures and prevention 
acts towards the Olympics etc. The Tokyo Metropolitan 
Government had imposed a total of seven announcements 
of emergency states, as shown in Table S3 (http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134). Standard regulations were applied in four 
of these emergency states, and three relaxed regulations 
were applied in the remaining ones. Tokyo city also 
adopted the Highly Active Anti-Retroviral Therapy 
(HAART Therapy, HAART Therapy comprises the use of 
two or more monoclonal antibodies, minimizing the risk 
of drug-resistant virus strains developing.) for COVID-19 
treatment from July 19, 2021, thanks to the proposal 
of Ms. Yuriko Koike, who was the metropolitan's first 
female governor. Referring to Table S4 (http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134), the adoption of HAART Therapy had 
greatly decreased the overall death rate. On November 
22, 2022, Ministry of Health, Labour and Welfare of 
Japan granted the emergency use of Shionogi's oral drug 
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Table 1. Summary of eight health status of agents and 
their meanings
States

S1
E
I1
I2
V
R
S2
D

Meanings

Susceptible, Healthy, without antibody and vaccination record
Within the infection distance to I1 agents, potentially infected
Infected, not unconfirmed and not tested
Infected, confirmed through PCR test
Healthy, vaccinated and antibody carried
Healthy, cured and antibody carried
Healthy, susceptible, vaccinated but antibody lost
Dead

https://www.biosciencetrends.com/supplementaldata/134
https://www.biosciencetrends.com/supplementaldata/134
https://www.biosciencetrends.com/supplementaldata/134
https://www.biosciencetrends.com/supplementaldata/134
https://www.biosciencetrends.com/supplementaldata/134
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contacts. This act can ease the concentration of tests 
and consultations at medical institutions. If the antigen 
test result is positive, the testee can immediately start 
a 14-day self-quarantine to avoid further spread of the 
infection.
 These measures together encourage the public to take 
tests as well as help to detect individuals with infectivity, 
as can be inferred in Figure 1A, where we sum up the 
number of PCR tests conducted on a daily basis (2020.01.24 
~ 2022.11.30). We also conduct a linear regression test 
between daily confirmed cases and daily numbers of PCR 
tests. The results show a multiple R-square value of 0.4843 
and a p-value of 2.2×10-16. Accordingly, we consider 
that there is a relatively strong correlation between the 
number of PCR tests and the number of confirmed cases. 
This explains why we consider the PCR testing capacity 
as a critical issue.

1.5. Other considerations

School vacation is another factor considered in this 
research. We list the vacation periods in Table S7 (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=134). During these vacations, students are 
apt to travel farther than they do in terms. Summer 
vacation in 2021 is an exception due to the scheduled 4th 
announcement of a state of emergency.

2. Materials and Methods

2.1.  Methodology

2.1.1. Agent-based modeling

In this study, we use NetLogo (16), a beautiful agent-
based modeling tool (ABM), for simulation of the 
epidemic dynamics. The main reason lies in that 
agent-based modeling can help represent the fine-
scale individual heterogeneity faced with complex 
environments. When describing a large-scale epidemic 
phenomenon, differences in individual attributes may not 
be neglected because of the strong social and physical 
interaction among people. Typically, people have 
different occupations and versatile behavior patterns, thus 
their response to the Coronavirus and the vaccination 
are diverse. At the aggregated level, these differences 
tend not to be averaged out, implying that modeling of 
heterogeneity is essentially necessary. In contrast, the 
major difficulty in applying ABM to the simulation of 
epidemics is the validation of the model with the real 
data. Although ABM can mimic the micro-level infection 
process among individuals, which is basically determined 
by human-to-human distance, the straightforward feeding 
of the reported R0 coefficients into the model is not 
feasible. Nevertheless, ABM can be calibrated by tuning 
the model parameters so that the calculated R0 of the 
model may agree with that measured in the real world.

'Xocova' for COVID-19 treatment of those aged over 12 
(7). The distribution of 'Xocova' started on November 
28, 2022, covering about 2,900 medical facilities and 
supplying 1 million citizens. It is believed that the severe 
rate and death rate can be further reduced in the near 
future.
 As for the border measures, we summarize timelines 
of various regulations in Table S5 (http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134). Japan had shortly opened its border to 
foreign residents twice in 2020.  After March 1, 2022, 
the country allowed foreign nationals to enter into the 
country for non-tourism purposes. On June 10, 2022, 
Japan reopened its border and began to accept group tours 
from 98 countries and territories (8).  The first tour group 
of tourists landed at Narita Airport on June 22, 2022 (9).
 Japan held the Tokyo Olympics from July 23, 
2021, until August 8, 2021. The country welcomed the 
first foreign Olympic team on June 1, 2021 (10). The 
International Olympic Committee (11) required athletes 
to depart no later than 48 hours after completing their 
competition, which implies that the period of leaving 
starts from July 25, 2021, and lasts until August 10, 2021. 
Approximately 79,000 people flew to Japan for the Tokyo 
Olympics (12). Details are summarized in Table S6 (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=134).

1.4. PCR tests

In Tokyo, PCR tests can be either conducted by the 
Tokyo Metropolitan Institute of Public Health or at 
medical institutions, with the latter one undertaking 
the major inspection work. In general, Tokyo citizens 
take PCR tests on a voluntary basis, following doctor's 
advice as well as their judgement of their own health 
condition, i.e., symptoms of Coronavirus infection such 
as high fever, cough, headache, fatigue. The shortage 
of PCR capacity has been constantly criticized. As was 
reported on February 18, 2022, faced with the sixth wave 
of infection driven by Omicron Oariant, shortages of 
antigen and PCR kits are still commonplace (13), even 
two years past the initial outbreak.
 The Japanese government has urged to boost PCR 
testing capacities as well as antigen productivity. 
According to the Ministry of Health, Labour and 
Welfare of Japan, PCR tests have been covered by 
medical insurance since March 6, 2022, which means 
that medical institutions can directly request tests from 
private testing institutes and other such bodies. Also, with 
the insurance coverage approval for antigen detection kit 
"Lumipulse SARS-CoV-2 Ag", saliva-based tests became 
available to asymptomatic patients from July 17, 2022 
(14). In addition, residents can request a free antigen test 
kit delivered to their residence upon registration on the 
Tokyo Metropolitan Government website (15), if they 
deem themselves to have symptoms or become close 

https://www.biosciencetrends.com/supplementaldata/134
https://www.biosciencetrends.com/supplementaldata/134
https://www.biosciencetrends.com/supplementaldata/134
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 We are aware that numerous ABM studies on the 
epidemic dynamics have been done. Here we list 
some of the latest publications and specify the pros 
and cons of these models. A data-driven agent-based 
modeling framework (17) is designed to forecast 
Ebola trends, which comprises three parts: synthetic 
population, social contact network and disease model. 
The model not only has a good representation of work 
or school activities and long-range mobility but also 
performs well in forecasting. Shamil and others (18) 
use agent-based modeling to explore the impact of 
contact tracking and find the parameters that lead to 
termination of the epidemic in a city, though their 
research does not take vaccination into account. Li and 
Giabbanelli (19) study the effectiveness of vaccine 
campaigns, the willingness of being vaccinated and the 
vaccine capacity under different federal plans, with the 
interactions between nonpharmaceutical interventions 
and vaccines considered. Although their research 

covers vaccines, it is noticed that vaccine efficacy 
decreases as antibody titers in the human body drop, 
let alone the virus mutates constantly. Kerr and others 
(20) develop the Covasim model to evaluate the effect 
of different interventions on the epidemic, including 
physical interventions, diagnostic interventions, and 
pharmaceutical interventions. Covasim, however, 
ignores influences from virus mutations, immigration 
policies and agents' heterogeneity. Comparing these 
researches, our study tries to take the effect of 4-dose 
vaccination, antibody titer declination, virus mutation, 
government policies, and PCR tests together into 
account.

2.1.2. Extended SEIR modeling

Our model denotes the health status of individuals 
by borrowing the idea of the SEIR model (Hethcote, 
2000). However, we do not simply employ the standard 

Figure 1. PCR test and confirmed cases; scaled simulation environment, moving patterns and validation of down-scaling. (A), The number 
of daily conducted PCR tests and daily confirmed cases from 2020.01.24 to 2022.11.30. (B), Illustration of the simulation environment after scaling 
down. (C), Illustration of agents' moving pattern (see Appendix 3). (D), Illustration of agents' infection pattern (see Appendix 2). (E), Models with 
different patch sizes. (F), Simulation of models with different sizes.
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'Susceptible', 'Exposed', 'Infectious' and 'Recovered' 
status in the modeling. Because the SEIR model does not 
have 'vaccinated' or 'dead' status in its concept, it makes 
it not suitable for COVID-19 infection and vaccination 
studies. To overcome this deficiency of SEIR, we add the 
'Vaccinated' and 'Dead' status and increase the resolution 
of description of the health status in the meantime, see 
the details in the model building part (Sec. 2.2).
 We should supplement one more reason for 
the extension of the SEIR model. Although the 
traditional differential-equation-based SEIR model 
may conveniently take the measured R0 as an input 
parameter, the approach suffers from the so-called "time-
lag effect," which means that we cannot accurately 
calculate the R0 coefficient without a large enough 
number of reported cases, while accumulating such a 
large sample takes time and resources. Especially when 
we face the continuous mutations of Coronaviruses, the 
fast variation of the reported R0 will cause the time-lag 
effect to be more severe. For example, a research team 
from Lancaster University came up with an R0 value of 
3.8 in the original forecast version, then they updated 
the number to 2.5, considering many uncertainties, 
and before long they changed the number to 3.11 (21). 
Yang and others (22) also point out the flaws of using 
the SIR/SEIR model to estimate the basic reproduction 
number. In view of COVID-19's natural history, severe 
patients were often hospitalized, hence they should not 
be treated as transmitters. According to Yang's study (22), 
the R0 value used in SIR/SEIR calculations is usually 
underestimated.
 In the ABM description of the epidemics, however, the 
infection process at the microscopic (human-to-human) 
level is much easier to be observed and measured, thus 
the reported condition for the infection will not change 
drastically along with the mutation of the virus. For 
example, a study (23) suggests that maintaining a social 
distance of 2 meters significantly reduces airborne 
dispersion of tiny droplets, hence the transmission risks 
from droplet inhalation. It takes approximately 7 seconds 
for viruses to be projected over a distance of 2 meters. 
Fundamentally, Coronavirus mutations have not changed 
such a microscopic mechanism of transmission.
 Last, the original SEIR model cannot differentiate 
individuals by their occupations, work styles, moving 
patterns, etc., hence the influence of heterogeneity at the 
small scales cannot be investigated easily. With an ABM, 
diverse attributes of the individuals can be naturally 
described by associating corresponding state variables 
and their updating algorithms to the agents.

2.2. Model

2.2.1. Space and population

A total of 13,999,568 people live in Tokyo city, which 
results in a population density of 6,264 persons per square 

kilometer (24). The total number of hospital beds in the 
city is approximately 7,291 (1). Based on the assumption 
that all static properties (such as infrastructure) within 
Tokyo city are uniformly distributed, as well as that all 
dynamic properties (such as moving population) within 
the city are identical, our strategy is to build a rectangular 
block of 2 kilometers, which is geometrically similar to 
the Tokyo area, and simulate epidemic dynamics within 
this block using downscaled population and amount of 
infrastructure. See Figure 1B for more details.
 By assuming the uniformity stated above, we 
linearly scale down the whole Tokyo region, which is 
composed of 23 municipalities, into a rectangular block 
with a length of 2km and a width of 1km. The synthetic 
population in the block is initialized at 12,528 and 
hospital beds at 6 in the block. We set the size of a patch 
as one square meter, so that totally 2,000 × 1,000 patches 
are used to represent such a block. It is important to note 
that the population density and hospital density in Figure 
1B are equal to the actual data. Based on government 
policies and the outbound and inbound statistics (see 
Appendix 1), the scaled number of entries and exits into 
and out of a block varies at each time step. Section 2.3.1 
will examine the validity of this linear scaling.
 We categorize 62%#1) (25) of the synthetic population 
as employees who engage in economic activities and let 
them have an above average mobility. We also categorize 
17%#2) (26) of the population as students who attend 
school and have vacations in winter, spring and summer, 
as mentioned in Sec. 1.5. The other 21% are categorized 
as unemployed.
 Regarding the vaccinated population, the 1st, 2nd and 
3rd doses of daily vaccination number are collected from 
the website of the Tokyo Metropolitan Government (1). 
We assume the pattern of 4th dose daily vaccination to be 
the same as the 3rd dose. The daily data for the population 
who received the PCR test and who came, or left Tokyo 
are collected from the same website. All these daily 
numbers will be multiplied by the scaling parameter 
before being fed into the model.

2.2.2. Social contact

We noticed that there are finer ways to model the 
microscopic behavior of agents and the interactions 
among them. For example, Venkatramanan and 
others (17) acquire data of daily activity patterns to 
simulate the flow of population. Specifically, they 
build the people-location network which allows them 
to assign agents to locations with durations of visit 
thus determining their contacts and interactions. As 

#1)According to the Statistics Bureau of Japan, the work force 
participation rate in Japan from 2020 to 2022 is around 61% [61.5, 
63%].
#2)According to the MEXT Japan, the total number of students 
enrolled in educational institutions in Tokyo is 2,348,260, composing 
approximately 17% of the total 13,920,000 population.
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another example, Kerr and others (20) design the 
contact network with multiple layers in the Covasim 
model. The Covasim model was constructed with 
considerations of age structure and household size, 
using published data from UN Population Division 
2019. They presume individuals to move between 
household, school, workplace and community contact 
layers during the day, with different probabilities of 
infection based on unique connections and connection 
weights. The two studies attempt to simulate the 
microscopic movements of agents as faithfully as 
possible. When designing our model, however, we 
adopted a strategy to largely simplify the social contact 
process thanks to the restrictions in computation time 
and workload. Methodologically, our approach can be 
defended by Kadanoff's theory on Lattice Gas Automata 
(27), which says that while building a microscopic 
model by minimally extract the essential properties of 
components, we can still get the desired macroscopic 
behavior of a system.
 In our model, agents are randomly distributed 
initially, with their position being recorded as their 
residence. As shown in Figure 1C, we assume that 
at the beginning of a day, all agents, except for those 
quarantined ones, can walk outside randomly for 8 
hours per day in any direction but within a radius 
rmax, a range which corresponds to their scope of daily 

activities and depends on their social status (either 
employee, student or unemployed), see Appendix 1 for 
detailed numerical values. During the random walk, 
agents have a chance to meet other walking agents, so 
as to be infected or to infect others. When a day ends, 
agents shall move back to their designated residence.
 Although the social contact model described in 
this paper may not fully describe interactions among 
individuals from a microscopic perspective, we expect 
its aggregated outcomes will not differ significantly 
from those observed in macroscopic epidemics. Indeed, 
our model performed well in mimicking the past waves 
of infection (see Figure 2A). A similar phenomenon 
was observed in the microscopic modeling of fluid 
flows: Although molecules and interacting potentials 
of different types of fluids differ, large-scale flow 
dynamics are governed by the same equation. Just as 
Wolfram stated in his book on complex systems (28), 
(that even though the underlying rules of different 
systems vary, the overall results are the same.

2.2.3. Detailed model building

The construction and the implementation of our model 
consists of three parts: the definition of agent states 
(Sec. 2.2.3.1), the specification of processes for the state 
transition (Secs. 2.3.3.2-2.2.3.7), and the design of code 

Figure 2. Scaled actual results vs. simulation results, Infection. and vaccination. (A), Actual results (scaled) vs. Simulation results from 
2020.01.24 to 2022.11.30. (B), 'ggstatsplot' of simulation results and actual results. (C), The number of agents in E, I1 and I2 states from 
2020.01.24 to 2022.11.30. (D), 1st, 2nd, 3rd and 4th doses of vaccination; the number of agents in V, R, V+R states from 2020.01.24 to 
2022.11.30. 
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structure, which shall be presented in Appendix 2.

2.2.3.1. Health states and population

We extend the SEIR categorization to define totally 
eight health states for agents. This extension is necessary 
because it allows us to analyze the effect of vaccination 
on one side, while fully reflecting the pathological 
characteristics of COVID-19 on the other side. A 
summary of the available health states can be found in 
Table 1. Aside from the conventional S/E/I/R states, 
we have added the V state to represent the vaccinated 
individual who carries antibodies against Coronavirus. 
Furthermore, we separated the susceptible state into 
S1 and S2 in order to facilitate the modeling of booster 
doses based on those susceptible agents with antibody 
records (S2) and those without (S1). Additionally, we 
divide the infected state into two categories, I1 and I2. 
Since the confirmed cases (I2) will remain at home 
and self-quarantine once identified, they will lose their 
public infectivity in comparison with those infected but 
unconfirmed agents (I1). Additionally, we added the death 
state D.
 There are a total Ntotal agents in the synthetic 
population. Among these agents, populations in different 
states are denoted as NS1, NS2, NE, NI1, NI2, NV, NR , ND, 
respectively.

2.2.3.2. Susceptible

At t = 0, all agents are initialized to be in the Susceptible 
state (S1), with no one infected with Coronavirus. 
Home positions are recorded for agents, and they can 
move from home to places within a radius  rmax (whose 
numerical values are listed in Appendix 3). Outing of 
agents lasts eight hours a day, regardless of direction. 
Once the space boundary is touched, the agent shall 
bounce back.

2.2.3.3. Exposure

As the imported cases begin to spread over the Tokyo 
region since January 24, 2020, we set this date t = 
1. Over time, susceptible agents, if exposed to the 
asymptomatic cases (I1 agents), will have a likelihood 
to be infected. The odds for a state change from 
Susceptible to Exposed (S1→E) reads as the following

 

where H(x) is the heaviside step function, and dX,Y stands 
for the shortest distance in the space between agents in 
state X and agents in state Y. The threshold distance dE is 
set to 2 units of patch size, based on the statistics made 
by the Ministry of Health, Labour and Welfare (MHLW), 
saying that a physical distance within 2 meters can be 
deemed as close contact with Coronavirus transmission 

possibility (29).

2.2.3.4. Infection

The probability for an exposed agent (in state E) to be 
infected by Coronavirus depends specifically on the 
distance when the agent met an agent in state I1, see 
Figure 1D.
 The probability of infection (PE→I1) is defined 
differently in three cases,

 

Here values of P1
I,  P2

I and P3
I are specified in 

Table S8 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134). Each time the 
virus mutates, probabilities of infection will be adjusted 
according to the properties of viruses. If luckily the 
exposed agents are not infected, their states will change 
back to S1 (E→S1) by the following probability

 

All agents, except those who have been confirmed to 
be infected (in state I2), will receive PCR tests with a 
probability ( ) per day, where nT is the 
down-scaled daily number of PCR tests published by 
the Tokyo Metropolitan Government. As soon as the 
infectivity is confirmed by the PCR tests, the I1 state of 
infected agents will be re-marked as I2 state, implying 
that the transition probability can be calculated for an 
individual as the following,

 

If currently an agent is in state I2, it will not be allowed 
to move anywhere until the next state transition either to 
R (recovery) or to D (death).

2.2.3.5. Recovery or death

Part of the confirmed patients (agents in I2) are 
transferred into hospital if there are available beds, in this 
way patients who receive medical treatment will have 
a lower death rate than those who are in self isolation. 
In the model, a local hospital is set up in the simulation 
space to model the treatment of confirmed patients with 
severe symptoms. The number of acceptable patients for 
the hospital is determined by referencing to the Tokyo 
Metropolitan Government website (1), which provides a 
list of the total capacity of hospital beds for COVID-19 
patients. The capacity of the hospital is updated every 
day if recovered patients (agents in R) are discharged and 
newly confirmed patients (agents in I2) are admitted.
 For agents in hospitals, the recovery (I2→R) rate 
is assumed to be 100%, whereas the fatality rate PF 

(1).

(2).

(3).

(4).

https://www.biosciencetrends.com/supplementaldata/134
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outside of hospitals is determined by the therapies 
for Coronavirus treatment (See Table S4, http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134). Confirmed agents (I2), if not transferred 
to hospital (self-quarantined), will become either self-
cured (I2→R) or dead (I2→D) after fourteen days with 
the following probabilities,

 

If the infected agents are not confirmed by PCR tests 
within fourteen days after infection, they may move 
freely in the simulated block until self-cure (I1→R) or 
death occurs (I1→D) with the following probabilities

 

2.2.3.6. Vaccination

All surviving agents except confirmed ones (I2) are 
eligible to receive vaccination as long as there are 
remaining quotas. The health state of the vaccinated 
changes after a dose of vaccination (S1/E/I1/R/V/S2→V). 
Between the first and second dose, the duration is 5 to 8 
weeks, between the second and third dose is 6 months, 
and between the third and fourth dose is 5 months.
 Although the standards of efficacy testing vary, we 
can make an approximate estimation of Pfizer's vaccines' 
efficacy based on published clinical reports. A Pfizer 
vaccine has a first dose efficacy of 52% and a second 
dose efficacy of 91% (30). Although Tokyo residents can 
choose between different brands of vaccines, we model 
vaccine efficacy based on Pfizer's data. In particular, we 
take into account the decay of antibody titer, which has 
not been considered in other literature to the best of our 
knowledge.
 For each vaccinated agent in the model, the 
probability of successfully obtaining the antibody via the 
first dose reads as the following

  %

Here the down-scaled daily vaccination quota nV can 
be obtained from the record of the Tokyo Metropolitan 
Government. Similarly, the probability of successfully 
obtaining the antibody via the second, third, or fourth 
dose vaccination is

 

Additionally, we consider that there may be an extremely 
small possibility that agents may die after each 
vaccination (V→D)

 

Numerical value of this death rate is given by the study 

by Yamaguchi and others (31),  which indicates that 
1,315 cases over 163,059,502 doses of Pfizer vaccination 
became dead in Japan as of October 15, 2021.

2.2.3.7. Antibody titer declination

Antibodies are acquired through vaccination or self-cure. 
It is commonly observed that self-recovered people have 
slower antibody titer decline rates than vaccinated ones 
(32). The immunoglobulin G (IgG) test is a commonly 
performed method for determining COVID-19 antibody 
titer levels. Narasimhan et al. (33) identified anti-SARS-
CoV-2 IgG-positive immune responses after vaccination 
based on a positive threshold of 50 AU/mL. Ebinger and 
others (34) proposed that 4160 AU/mL (corresponding to 
an ID50 of 1:250) could be used as a surrogate marker of 
serum neutralizing activity.
 In our model, antibody titer levels (IgG levels) for 
each agent decrease over time as determined by linear 
regression of data from previous studies. Once agents' 
antibody titer levels drop below a threshold, which is 
determined by calibrating the model with actual data in 
Sec.2.3.2.3, their status will change to S2 (V/R→S2).
 According to Ariel Israel and others (32), individuals 
who received Pfizer-BioNTech's mRNA vaccine have 
differing antibody titer levels when compared with patients 
who were infected with the SARS-CoV-2 virus. As a 
result, antibody concentrations acquired from vaccination 
are higher initially, but decrease exponentially at a much 
faster rate (32). Based on their research, the antibody titer 
Y(t) measured in AU/mL after SARS-CoV-2 infection 
may be expressed as Y(t') = 357 × 0.96t', where t' is 'month 
(s)' since the positive PCR tests. Converting into the daily 
antibody titer change for the self-recovered agents (I1/
I2→R), we use the following formula for our model

 

where t-ti represents day(s) since the time of infection 
(ti). The change of IgG after the first/second/third/fourth 
doses have been done in another study (35). Data are 
listed in Table S9 (http://www.biosciencetrends.com/
action/getSupplementalData.php?ID=134).
 Despite the scarcity of data, we may assume the 
decay of antibody titer acquired from the vaccination 
follows the power law function found in the decay of 
antibody titer in the naturally immune case. We simply 
apply linear regression to the logarithmic coordinates

 

where D is decay rate of antibody titer, t1,t2 are two 
separate timing measurements after the vaccination. As a 
result, we obtained the following formula for the decay of 
antibody titer acquired from vaccination of different doses

 

(5).
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where Y0 is the initial antibody titer after a specific dose 
of vaccination, D is the decay rate of antibody titer 
with respect to the elapsed time measured in day(s) 
since the vaccination, and t0 the time of vaccination. 
Numerical values for these parameters in different doses 
of vaccination are summarized in Table S10 (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=134).
 In practice, as we understand that as COVID-19 virus 
keeps mutating, vaccines are becoming less protective, 
we set a relatively fast declination rate as D = 0.980916 
in our simulation code for all four doses of vaccination. 
This simplification is in accordance with the study by Xu 
et al. (36), in which authors found that the concentrations 
of antibodies will increase rapidly after receiving the 
second dose vaccine and will reach their peak around two 
weeks (14 days) following the second dose vaccination. 
Typically, the peak will last for one week and then begin 
to decrease after three weeks (21 days).

2.3. Verification and Calibration

2.3.1. Verification of linear scaling

In Section 2.2.1, we linearly scale down the entire Tokyo 
region into a rectangular block with a length of 2km and 
a width of 1km, containing 12,528 susceptible agents 
and a hospital that can accommodate 6 infected agents. 
However, there is still the question of whether, after the 
simulation has been completed, the results can be scaled 
back to Tokyo in the real scale. To prove this scaling 
relationship, we first assume that the confirmed infected 
population in the real world depends on the area and the 
total population as the following

 

Now if we use a parameter λ < 1 and perform a 
simulation in the down-scaled area λS and population 
λNtotal, can we obtain the infected population NI2 in real 
space by simply scaling up the simulation results by a 
factor of 1/λ? The answer is that if the following relation 
holds true

 

results in the original scale can be obtained by linear 
scaling of the simulation results.
 To justify this argument, let us set λ = 1/4  and 
perform the simulation on four areas SL, SM, SS and SXS, 
as shown in Figure 1E. Note that we have SL:SM:SS:SXS = 
4:1:(1/4):(1/16), in the meantime, we adjust all quantities 
including number of agents, hospital, entry and exit, 
daily vaccination and PCR test rates according to this 
ratio, but keep the maximum travel distance rmax fixed. 
If linear scaling applies in this extended SEIR modeling, 
our expectation is that we may have the following 

relation

 

where NY
I2 is the population of confirmed infection 

obtained from a simulation in the scaled area Y. In the 
validation, we set SM the same size as the model in our 
study, representing the 2km2 block by 2,000 × 1,000 
patches, while other scaled areas are set as SL = 8km2, SS 

= 0.5km2), and SXS = 0.125km2. After we obtain the daily 
infection data from simulations in blocks with different 
sizes, we show the scaled number of daily infections in 
Figure 1F, where data are differentiated by shifting with 
a constant for visualization.
 Inspecting results obtained from simulations with 
different areas may reveal that the scaled dynamics 
are essentially the same, however time resolution is 
limited by the size of the simulation block. Moreover, 
we also find that the shape of the simulation area does 
not matter, as the scaling relationship merely depends 
on the area and population. As a result of this validation, 
we are confident to use the current model to perform the 
simulation in a small rectangular block to examine, after 
scaling up the results, the trend of infection in the real 
Tokyo area, under the assumption that distributions of 
everything in Tokyo are uniform.

2.3.2. Calibration of the model

In order to calibrate the model, we use data on the 
confirmed infection cases from January 24, 2020, to 
October 1, 2022. Parameters such as hospital capacity, 
initial population, etc., are set in the initialization module 
of the code, while parameters under adjustment are 
antibody thresholds and infection probabilities in social 
contact of the agents.

2.3.2.1. Fixed parameters

The parameters that are given at the beginning 
and fixed during the simulation are summarized in 
Table S11 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134). The reasons or 
backgrounds for such parameter settings are described in 
Sec. 1 through Sec. 2.2.

2.3.2.2. Parameter adjustments

Recall that we consider four key factors in Sec. 1 
that have impacts on the epidemic trends, namely the 
vaccination, the mutation of virus, the traveling policies 
and the PCR tests. To reproduce the daily infected 
cases that correspond with those of the actual data, we 
select two model parameters, namely the threshold 
concentration of antibodies and the probability of 
infection over different contacting distances between 
agents in state I1 and others, as the parameters to 
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be adjusted manually. The reason for this choice is 
explained as follows.
 In the calibration of the model, quantities related to 
traveling policy and PCR tests are not to be adjusted, 
since there is actual data recording the inbound/
outbound populations as well as PCR tests performed 
in the Tokyo area. We simply take these data as input 
to the simulation. On the other hand, although the daily 
numbers of vaccination have also been given, the decay 
of antibodies of each vaccinated person is not known. 
This uncertainty in the cutoff concentration of antibodies 
can be utilized to tune the simulation results. Regarding 
the mutations of the Coronaviruses, they will result in a 
different probability of infection. Even though we know 
the change in the infectivity due to the mutation, we may 
not be able to measure this probability under various 
circumstances accurately. This fact provides another 
space for the adjustment of model parameters.
 As a result of trial and error, we found that the cutoff 
or threshold for antibody effectiveness should be set at 
250 AU/mL, below which agents would lose antibodies 
and be susceptible again. We tested this threshold several 
times and found this value leads to simulations that are 
most closely related to Tokyo's case numbers. In fact, 
the antibody response is heterogeneous (influenced by 
age, gender, comorbidities, genetics, and other inter-
individual variations), for simplicity, we still use 250 
AU/mL as a universal cutoff point.
 Results of adjusting the probability of infection are 
shown Table S8 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134). For variants of the 
same class, we let P1

I to remain the same, while increasing 
P2

I and P3
I by 5% or 10% at a time. For instance, 

Compared With the original Delta variant, Delta N501S 
is assumed to have the same P1

I as the original Delta, 
however, but 5% higher in P2

I. Similarly, compared with 
the original Omicron variant, Omicron BA.2 is assumed 
to have the same P1

I as other Omicron variants, yet 5% 
higher in its P2

I and P3
I. Nevertheless, the new arriwal 

of Omicron variants XE and BA.2.75 are considered as 
exceptions due to their high immunity escaping abilities.

2.3.2.3. Reproducing the seven waves

By adjusting model parameters above, our goal is to 
reproduce in the simulation, the past seven waves of 
infection that have been reported in the Tokyo area. 
Details of these waves of infection are described 
below..
 Table S12 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134) summarizes 
the dates and the maximum daily confirmed cases 
in the past epidemic waves in Tokyo. Immediately 
following the outbreak of the first wave in late March 
2020, Japan implemented PCR testing criteria, closed 
schools, promoted teleworking, and encouraged people 
to wear masks. The implementation of the first state 

of emergency resulted in a 68% reduction in subway 
passengers, which controlled the infection effectively. 
After the state of emergency, the second wave began and 
subsided without further state of emergency measures, 
a phenomenon that can be explained by the increase in 
PCR testing capacity (37). The second emergency state 
was declared during the third wave of infection, local 
governments called for a reduction in business hours 
and restrictions on activities. With the spread of Delta 
variant, the advantage of public vaccination became 
evident in the fourth wave of infection. In contrast to 
2,520 cases per day in the third wave, the maximum 
number of confirmed cases per day was controlled below 
1,126. Along with the opening of the Tokyo Olympic 
Games and the spread of mutated Delta virus, the fifth 
wave arrived. Despite the declaration of emergency and 
the first-dose vaccination, the maximum daily confirmed 
cases reached 5,908. A surge in the confirmed cases 
in the sixth wave of infection occurred following the 
outbreak of Omicron variant in late December 2021. 
The seventh wave of cases started in mid June 2022, 
dominated by the BA.5 subvariant. Variants Omicron 
BA.2, Omicron XE, Omicron BA.4 and BA.5 brought 
the number of newly confirmed cases to a higher level. 
There were no further emergency measures taken by 
the Tokyo Metropolitan Government. On the contrary, 
reopening policies have been implemented to accept 
groups of tourists from outside Japan. The number of 
maximum daily infections reached 40,395 on July 28, 
2022, almost twice as many as in the sixth wave.
 Figure 2A shows the comparison of scaled actual data 
versus the simulated COVID-19 daily infection cases 
in Tokyo from 2020.01.24 to 2022.11.30. We obtain the 
simulation results by averaging the data after 60 times of 
calculations. Compared with the scaled infection data, 
we note that our model has successfully reproduced 
the well-known seven waves of infections in the Tokyo 
area. Moreover, our model can also correctly predict 
the maximum daily confirmed infections in each wave, 
see Table S13 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134).
 Figure 2B shows the scatter plot combined with 
marginal density plus histogram. These results are 
obtained by using 'ggscatterstats' in the package 
'ggstatsplot' (38). The number of data npairs = 1042 
corresponds to the period 2020.01.24 ~ 2022.11.30. As 
can be seen from the graph, we use p = 0.00 < 0.05 to 
reject the null hypothesis. The statistical significance 
between two groups is supported by r̂Pearson = 0.91, which 
lies in CI95%[0.90,0.92]. Overall, the statistical analysis 
shows that simulation results agree with the actual data 
well. We also performed granger causality tests on the 
two groups of results. The granger causality test is a 
common practice used to examine if one time series 
may be used to forecast another. After the calculation, 
the F test statistic is equal to 64.008 and the p-value 
that corresponds to the F test statistic is Pr(>F) = 2.2 × 
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10-16 < 0.05. Thus, we may reject the null hypothesis 
and conclude that our simulation results are useful for 
predicting the actual results.

2.3.3. Findings

2.3.3.1. The unconfirmed infected cases

From Figure 2C, we can see the number of agents in E, 
I1 and I2 states from January 24, 2020, to November 
30, 2022, with their lines marked in purple, blue and red 
respectively. Figure 2D shows the simulated 1st. 2nd, 3rd 
and 4th doses of vaccination from January 24, 2020, to 
November 30. 2022. Figure 2D also shows the number 
of agents in V, R and V+R states from January 24, 2020, 
to November 30, 2022. From the observation, we find 
the following phenomena.

 1. As the I1 population increases, the E population 
surges, which confirms the observation of a positive loop 
of infection, which implies that the more infected agents, 
the more exposed agents, and the wider the spread of 
infections.
 2. Since Coronavirus mutations cause an increasing 
trend of infection probabilities, the difference between 
populations E and I1 gradually narrows until the late 
6th wave. Since the announcement of the reopening 
policies for non-tourism purposes on June 1, 2022, it is 
assumed that asymptomatic carriers overseas rush into 
Japan, causing a rapid increase in I1. Nevertheless, due 
to the strong protective effect of the 4th dose vaccination 
starting May 25, 2022 (see Figure 2D), there were fewer 
E than expected, thus the gap between E and I1 started to 
broaden.
 3. The PCR test numbers were low during the first 
to fifth epidemic waves, leading to low levels of daily 
confirmed infections. However, the actual numbers 
of agents in E and I1 states were high, suggesting that 
reported cases did not reflect real epidemic trends.
 4. Due to the increase in PCR testing capacity, even 
though the number of E and I1 agents had dropped to 
historical lows post the 7th wave, the number of reported 
cases exceeded those during the previous waves.
 In light of the strong correlation between PCR tests 
and daily confirmed cases, it is evident that the number 
of daily confirmed cases does not fully reflect the actual 
infection trends in Tokyo. In reality, the confirmed cases 
detected were only the tip of the iceberg.

2.3.3.2. The reasons behind the seven waves

We hereby summarize the characteristics of the 
infection trends in Tokyo in Table S14 (http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134). Below is a list of the reasons for bringing 
about these characteristics.
 1. First, compared with New York and London, 

Tokyo started its 1st dose vaccination not until the start 
of the 4th epidemic wave, which is deemed relatively 
late and vulnerable to future mutated viruses (Tokyo: 
April 12, 2021; New York: December 14, 2020; London 
December 8, 2020).
 2 .  Second ,  the  PCR tes t ing  capac i ty  was 
comparatively low and could not reflect the real infection 
trends, especially during epidemic waves 1~5. (See 
Table S14, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134).
 3. Third, the PCR testing capacity has improved since 
the 6th epidemic wave dominated by Omicron Oariant. 
It is believed by Larrauri and others that previous 
vaccination as well as self-cure together reduced the 
overall severe rate and death rate (6). However, the 
outdated antibodies (antibodies not targeting Omicron 
variant) cannot stop the mass spread of Omicron and 
its mutated variants. Therefore, the reported confirmed 
cases during the 6th wave were at an historical high.
 4. Fourth, in accordance with the latest research 
(39), BA.2.75 can evade nearly all antibodies, no matter 
acquired from previous vaccination or self-cure. Even 
though the vaccination rates were at high levels in the 
7th epidemic wave (see Figure 2D), mass spread seems 
inevitable. In this case, increased PCR testing capacity 
only leads to a higher level of daily confirmed cases, but 
limited effectiveness to control overall infection trends in 
the 7th epidemic wave.

3. Results

3.1. Scenario design

When designing different scenarios to forecast the future 
epidemic waves, we consider the two most important 
factors to be the number of daily PCR tests and the 
number of inbound/outbound travelers, the latter of 
which is the consequence of travel and border measures 
of the Japanese government. The other two factors, 
namely the vaccination rates and virus mutation are set in 
reference to actual data up to the end of November 2022.
 The reason for choosing the number of PCR tests as 
one of the control parameters is that the number of PCR 
tests performed is not solely determined by the capacity 
provided by the government. Voluntary testing, the rate 
of which is influenced by decision making of each agent 
based on the published number of confirmed cases, 
will result in a positive feedback loop between the two 
dynamics. On the other hand, PCR tests can help to stop 
the spread of infection by screening out infectious agents 
by making them self-isolated. For these reasons, the 
pattern of PCR test number is considered unpredictable, 
thus needing to be discussed through the designed 
scenarios.
 The numbers of in/outbound travelers are chosen as 
one of the key considerations because Japan has fully 
opened its border to oversea visitors since October 11, 
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2022, together with plans to revive its economy through 
the weakened Yen and the advertised tourism. Moreover, 
as winter holidays approach (Christmas, New Year, 
Spring Festival and etc.), it is likely that some citizens 
might consider going abroad for their holidays, which 
increases the risk of bringing the virus into Japan. Since 
the complexity in the real world makes these numbers 
difficult to be modeled, therefore they should be 
considered by postulated scenarios.
 In contrast, the main reason for us not to choose virus 
mutations is that, under the premise of an increasing 
level of antibody obtained either from the infection of 
the Omicron variant or from the vaccination, probability 
of infection to the exposed is expected to have reached 
its limit. If a new variant emerges with stronger ability 
to escape immunity, we are more inclined to consider it 
a completely new virus rather than COVID-19. Lastly, 
by the end of November 2022, the third-dose vaccination 
rate has reached 65.7% among all Tokyo citizens and the 
fourth-dose vaccination rate has reached 80.4% among 
the elderly. Looking into the 1st, 2nd and 3rd doses 
of public vaccination, we find that the pattern of the 
vaccination trends does not differ much (1). As long as 
the government maintains its current plan to vaccinate 
the public, the vaccination trend of the 4th dose is 
expected to follow the previous ones'.

3.1.1. Parameter settings

We use past vaccination data as reference to generate 
the vaccination quotas from 2022.10.01 to 2023.02.01. 
As shown in the upper panel of Table S15 (http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134), the 1st, 2nd and 3rd doses of vaccination 
records during November 13 ~ 19, 2022 are duplicated as 
the weekly vaccination pattern from December 1, 2022 
(Sun) to February 1, 2023 (Wed). Since the daily number 
of the fourth dose vaccination is not yet available, we 
use the third dose vaccination records from December 
1, 2021 (Wed) to August 10, 2022 (Wed) to surrogate 
the 4th dose vaccination data from May 25, 2022 (Wed) 
to February 1, 2023 (Wed), see the lower panel of 
Table S15 (http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134).
 At of the end of November 2022, no further mutated 
virus has been discovered since the discovery of variant 
XBB on October 28, 2022. The current view is that BA.4 
and BA.5 are still dominant variants in Japan. Recently, 
experts started to worry about variants BQ.1 and BQ1.1, 
descendants of BA.5, which are deemed to escape 
immunity and cause severe symptoms. Based on their 
judgements, variant BQ.1.1 is likely to become the next 
dominant variant (40).

3.1.2. Scenario creation

The statistics of Tokyo PCR testing performed in 

November 2022 can be obtained from the Tokyo 
Metropolitan Government Website (1). For November 
2022, the average number of PCR tests performed 
on a daily basis is 16,796. Multiplying by the scaling 
parameter and rounding it to a whole number, we obtain 
the daily PCR test number as 15 in our model. This 
number is defined as 'Normal' for estimating the future 
PCR tests statistics. In addition, we define the 'Active' 
state of PCR tests as doubling the testing number in the 
'Normal' state.
 We define 'Super active', 'Active' and 'Normal' 
scenarios (see Table S16, http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=134) to be 
situations where the number of travelers during the 
winter holiday season (2022.12.10 ~ 2023.01.10) is 
tripled, doubled and unchanged compared with that in 
November 2022. We assume that the number of daily 
PCR tests performed is doubled than that in November 
2022, and the situation of daily in/outbound population 
is 'Super active' for Scenario I, 'Active' for Scenario II 
and 'Normal' for Scenario III during the winter holiday 
season (2022.12.10 ~ 2023.01.10). Additionally, we 
assume that the number of daily PCR tests is the same as 
that in November, and the daily in/outbound population 
is 'Super active' for scenario IV, 'Active' for scenario V 
and 'Normal' for scenario VI during the winter holiday 
season (2022.12.10 ~ 2023.01.10).

3.2. Results of forecasting

We repeated each simulation of the six scenarios 10 
times and obtained the average results in Figure 3A. 
Overall, the forecast shows that the 8th wave shall peak 
around mid January and end around early March 2023.
 From Figure 3A, we can see that the forecasted 
results from 2022.12.01 to 2023.03.01 are marked in 
red, light blue, green, deep blue, pink and brown lines, 
representing scenarios I, II, III, IV, V and VI respectively. 
It is clear that the number of daily PCR tests matters 
to the number of daily confirmed cases, the forecasted 
results of scenarios I, II and III apparently differentiate 
from scenarios IV, V and VI. Table S17 (http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134) summarizes the key differences among 
the six scenarios, proving the significance of PCR testing 
to confirmed cases. While the effect of inbound and 
outbound tourists is, to some extent, subtle.
 Figure 3B-G demonstrates the change in number of 
agents in E, I1 and I2 states in each of the six scenarios, 
with the number of E, I1 and I2 agents marked in purple, 
blue and red lines respectively. Table S18 (http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=134) summarizes the maximum number 
of unconfirmed (I1) and confirmed (I1 + I2) cases. 
The effect of inbound and outbound tourists is thus 
clear. Fewer the tourists, fewer unconfirmed, fewer 
total infections and earlier the maximum infection 
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arrives. Figure 3H-I illustrates the simulation results of 
vaccination and antibody titer in scenario IV, with the 
number of V+R, V, R, 1st, 2nd, 3rd and 4th dose marked 
in yellow, dark green, light green, light blue, blue, dark 
blue, and gray lines respectively.

3.3. Findings

3.3.1. Infection peak

 1. Large scale PCR testing pushes back the peak of 
the infection, as can be inferred from Table S17 (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=134), the infection peak of scenarios I~III is 

around early to mid January, while that of scenarios 
IV~VI continues in late January.
 2. An explosion in the number of travelers leads 
to more asymptomatic cases, confirmed cases and 
therefore postpones the arrival of the infection peak (see 
Table S17, http://www.biosciencetrends.com/action/
getSupplementalData.php?ID=134).

3.3.2. Optimal PCR tests

 1. Faced with the currently low severe rate and death 
rate (severe rate = 0.01%, death rate = 0.001%), PCR 
tests would not make much difference to reduce overall 
infections, judging from the tiny difference of I1+I2 
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Figure 3. Forecasted results based on 6 scenarios. (A), Actual results post scaling, forecasted results of scenario I ~ VI, from June 1, 2022 to March 
1, 2023. (B) ~ (G), The number of agents in E, I1 and I2 states for scenario I, II, III, IV, V and VI respectively. (H) ~ (I), In scenario IV, 4 doses of 
vaccination, the number of agents in V, R and V+R states from 2020.01.24 to 2023.03.01.
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maximum. Specifically, between '1,930' in Scenario II 
and '1,989' in Scenario V, as well as '1,756' in Scenario 
III and '1,863' in Scenario VI (See Table S18, http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=134). Therefore, maintaining PCR tests to a low 
level helps to reduce both social cost and public anxiety.
 2.  As quoted from the Tokyo Metropolitan 
Government, the total number of hospital beds is 7,291 
(1) to serve a total of 13,920,000 residents in Tokyo. 
and the total number of hospital beds targeting severe 
patients is 383. Based on the above simulation results, 
the total number of severe patients under infection peak 
is expected to be 2,292 ÷ 0.0009 × 0.01% = 255 < 383. 
Therefore, we can conclude that, currently the medical 
resources are adequate.
 3. However, if faced with a new variant in the future 
with high severe rate and death rate, PCR tests should 
be adjusted to a higher level to detect infection and start 
treatment early. Such a level of PCR tests should be 
compatible with available medical resources.

4. Discussion

4.1. Summary

This research demonstrates the importance of COVID-19 
infection forecast in response to vaccine strategies, 
virus mutation, government policies and PCR testing. 
Specifically, this research approaches the problem using 
agent-based modeling and extended SEIR modeling 
methods. We justify the simplified social contact model 
as well as considering antibody titer declination in our 
research. After conducting simulation forecasts based 
on synthetic space and population, we conclude that the 
re-opening policy is subject to continuous monitoring. 
On one hand, the third-dose public vaccination rate 
is high; on the other, mutated variants like BQ.1 
and BQ.1.1 are likely to become the next dominant 
variants due to significant evolving and immune 
escaping abilities (41). It is noted that the current trend 
of mutation is continuing, yet variants become more 
infective however less fatal. It is also pleasant to see 
the Tokyo Metropolitan Government has introduced 
and is encouraging a new round of vaccination against 
the BA. series. As is observed, the recovery of inbound 
foreign nations has started since October 11, 2022. It is 
suggested that continuous monitoring should be carried 
on with plans being made ahead for various scenarios.

4.2. Recommendations

Since Japan's opening-up policy (see Table S5, http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=134) cannot be reversed, the country should 
continue to monitor daily confirmed cases, detecting 
spreaders and closely monitoring possible mutation and 
new variants as well as severe rate and fatality rate (see 

Table S2 and Table S4 (http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=134)). 
Although the trend of severe rate and fatality rate has 
been declining, there is no clear evidence to reject the 
claim that another troublesome variant with high fatality 
rate would not arrive in the near future.
 In the meantime, the country is expected to 
improve hospital bed capacity. The current hospital bed 
occupancy rate has already reached 56.3% in Tokyo. 
Considering the possible mutated viruses brought by 
overseas travelers in December 2022 and January 2023, 
the existing medical resources are far from sufficient.

4.3. Future work

The battle against Coronavirus has lasted for three 
years. While we wait for the arrival of the final success 
in the near future, harder work should be carried 
out preventing possible resurgences and project 
corresponding reactions.
 There are several flaws in the research. First is the 
moving pattern of agents. While we try to overcome 
the problem by putting forward the theory of large-
scale flow dynamics, it is expected to be improved in 
the future. Second, natural birth and death rates have 
not been considered in the research, as well as family 
combination and separation (i.e marriage and divorce). 
In pursuit of model perfection, we shall make changes 
to population structure in the near future. Third, in this 
research we randomly select agents to conduct PCR tests, 
whereas in real world agents can freely choose whether 
to undertake PCR tests or not, based on their judgements 
to their own health. Lastly, as Dr. Israel once mentioned 
(32), the immune response elicited by vaccination or 
previous infection is a complex system, which is far frpm 
being entirely measured by the antibody titers. Although 
the clinical data of antibody titer can be obtained, we 
should apply and formulate such data to our studies 
with caution, in consideration of individual agents' 
heterogeneity of antibody titer level and decay rate.
 Besides from the above, this study shall compare 
the simulated results with the public data of COVID-19 
Infection in Tokyo, improve and try to forecast the March 
2023 to June 2023 infection results, update possible 
new variants and immigration policies. Future study 
shall identify the influence of changes in vaccination 
strategies, immigration policies, virus mutation and PCR 
tests.
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1. Introduction

Retroper i toneal  sarcomas (RPS)  const i tu te  a 
heterogeneous group of rare malignant tumors that 
often grow to a large size and involve adjacent organs 
before detection. Considering the overall limited effect 
of pharmacotherapy for most subtypes, surgery is the 
cornerstone of RPS management (1,2). Compared 
with simple tumor resection, aggressive multivisceral 
resection (MVR) en bloc with involved or adjacent 
organs is associated with a significantly decreased local 
recurrence rate and improved survival (3-6). However, 
aggressive surgery may inevitably lead to an increased 
risk of complications. Surgery for RPS has been found to 
have a major complication rate as high as approximately 

15-31% and a mortality rate as high as approximately 
3-7%, even in high-volume centers (3,6-10).
 Delayed gastric emptying (DGE) is one of the 
predominant complications of major abdominal 
surgery, especially pancreatic and upper gastrointestinal 
surgery. DGE is diagnosed based on characteristic 
symptoms, the absence of gastric outlet obstruction, 
and evidence of an objective delay in gastric emptying 
(11). DGE delays oral intake, prolongs hospitalization, 
decreases quality of life, and increases the total cost 
of hospitalization (12-15). The exact etiology and 
pathogenesis of postoperative DGE remains unclear. 
The proposed risk factors and mechanisms are related 
to pre-existing conditions (such as diabetes mellitus 
and malnutrition), surgical procedures (such as 

DOI: 10.5582/bst.2022.01522Original Article

SUMMARY

Keywords delayed gastric emptying, retroperitoneal sarcoma, multivisceral resection, major complication, risk 
factor

Delayed gastric emptying (DGE) after aggressive resection of retroperitoneal sarcoma (RPS) has 
rarely been described. This study aimed to determine the incidence and characteristics of DGE 
after surgery for RPS and explore its potential risk factors. Patients with RPS who had undergone 
surgery between January 2010 and February 2021 were retrospectively analyzed. DGE was defined 
and graded according to the International Study Group of Pancreatic Surgery classification and 
classified as primary or secondary to other complications. Patients with clinically relevant DGE 
(crDGE, grade B+C) were compared to those with no or mild DGE (grade A). Multivariate logistic 
regression analysis of clinicopathological and surgical parameters was performed to identify risk 
factors for crDGE. Of the 239 patients studied, 69 (28.9%) had experienced DGE and 54 (22.6%) 
had experienced crDGE. Patients with primary and secondary DGE accounted approximately half 
and half. The most common concurrent complications included abdominal infection, postoperative 
pancreatic fistula, and abdominal bleeding. Patients with crDGE were more likely to have multifocal 
tumors and the liposarcoma subtype, with a larger tumor size, longer operating time, more resected 
organs, and a history of combined resection of the stomach, pancreas, small intestine, and/or colon. 
In multivariate analysis, the tumor size, operating time, and combined pancreatic resection were 
independent risk factors for crDGE. In conclusion, the current results indicated that approximately 
one-fourth of patients experienced DGE after aggressive surgery for RPS and that DGE was 
primary or secondary to other underlying conditions. A large tumor involving long, difficult surgery 
and combined pancreatic resection highly predicted the incidence of crDGE. The prevention and 
management of DGE remain challenging.
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pyloric or antral ischemia, pylorospasm secondary 
to the disruption of the perigastric vagal nerves, and 
aggressive lymphadenectomy), and postoperative intra-
abdominal complications (such as gastric dysrhythmias 
due to a postoperative pancreatic fistula [POPF], 
hemorrhage, or infection) (14,16-20).
 The incidence of DGE reportedly ranges from 
17.3% to 51.8% after pancreaticoduodenectomy (PD) 
(21-24), 5% to 24% after distal pancreatectomy (DP) 
(25,26), and 4.3% to 15.5% after distal gastrectomy 
(27,28). Considering the extensiveness, complexity, 
and high rate of intra-abdominal complications of 
aggressive surgery for RPS, DGE may be common 
after resection of RPS. However, the incidence and 
characteristics of and risk factors for DGE after surgery 
for RPS remain unclear. To the extent known, only one 
study has explicitly reported the incidence and severity 
of DGE after MVR for RPS (29); in that study, all 
100 patients had primary RPS. As one of the largest 
specialized sarcoma centers in China, we established a 
treatment algorithm and performed aggressive surgery 
in patients with primary and recurrent RPS. This study 
aimed to investigate the incidence and characteristics 
of DGE after aggressive surgery for RPS using a larger 
sample of patients with either primary or recurrent 
disease and to analyze its potential risk factors.

2. Materials and Methods

2.1. Patients and data collection

We retrospectively analyzed a cohort of consecutive 
patients who had undergone surgery for RPS at the 
Peking University Cancer Hospital Sarcoma Center 
between January 2010 and February 2021. Patients 
with benign retroperitoneal tumors, desmoid-type 
fibromatosis, gastrointestinal stromal tumors, or 
subtypes other than RPS were excluded. Data on 
sex, age, body mass index (BMI), medical history, 
presentation status, pathological subtype, tumor 
grading, tumor size, tumor focality, surgical information 
(operating time, estimated blood loss, completeness 
of surgery, and the number and type of resected 
organs), and postoperative course (removal and re-
insertion of a nasogastric tube, intensive care unit [ICU] 
admission, postoperative hospitalization, postoperative 
complications, and reoperation) were retrieved from 
electronic medical records.
 This study's primary outcomes were the incidence 
and grade of DGE. To evaluate the clinical impact of 
DGE, patients experiencing clinically relevant DGE 
(grades B and C) were analyzed and compared to those 
with no or mild DGE (grade A). Patients who died of 
complications within 1 week of surgery were excluded 
because their DGE status could not be assessed.
 This study was reported according to the STROBE 
guidelines. The study was approved by the Ethics 

Committee of Peking University Cancer Hospital and 
conducted in accordance with the 1975 Declaration 
of Helsinki, as revised in 2013. All patients provided 
written informed consent before surgery for the use of 
their anonymized data.

2.2. Perioperative management

All patients underwent surgery by the same surgical 
team led by Hao. The treatment algorithm and surgical 
procedures have been described previously (3). 
According to the general principles of surgical and 
supportive care, standard postoperative treatments 
were administered, including fluid balance, adequate 
electrolyte replacement, prophylactic anti-infection, and 
total parenteral nutrition.
 A nasogastric tube was inserted during surgery when 
suturing repair, tangential resection, or anastomosis 
of the upper gastrointestinal tract was performed. If 
the amount of gastric juice was < 300 mL per day, the 
nasogastric tube was removed after flatus was expelled. 
When gastric retention, anastomotic leakage, or bowel 
obstruction was confirmed on abdominal radiography 
or upper gastroenterography, the nasogastric tube 
was re-inserted. Patients not undergoing resection or 
anastomosis of the gastrointestinal tract were permitted 
a liquid diet after flatus expulsion and subsequently 
transitioned to a semi-liquid and general diet. Patients 
undergoing resection or anastomosis of the stomach or 
duodenum were not permitted liquid diet intake until 
an upper gastroenterography had been performed on 
day 5-6 postoperatively to prevent anastomotic leakage, 
stricture, or DGE.
 Upon diagnosis of DGE, efforts were made to 
mobilize the patient, use prokinetic agents, and 
aggressively treat any other complications, such as 
POPF and abdominal infection.

2.3. Definitions

DGE was defined and graded according to the standards 
published by the International Study Group of Pancreatic 
Surgery (ISGPS) (14). As alluded to above, grade B or 
C DGE was considered clinically relevant. DGE was 
classified as primary (unrelated to other complications) 
or secondary to other surgical complications. Other 
causes of aphagosis, such as anastomotic leakage and 
bowel obstruction, were carefully reviewed and ruled 
out. Complications other than DGE were graded using 
the Clavien–Dindo classification and considered "major" 
if graded III or higher (30). Pathological subtypes 
were classified according to the 2020 World Health 
Organization (Geneva) criteria for soft tissue tumors 
(31). Tumor grading was determined using the three-
tiered grading system of the Fédération Nationale des 
Centres de Lutte Contre le Cancer (FNCLCC) criteria 
(32). Tumor size was defined as the sum of the largest 
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significant if a two-sided P-value < 0.05 was obtained. 
Statistical analyses were performed using SPSS (version 
26.0; SPSS Inc., Chicago, IL).

3. Results

Among 242 consecutive patients who underwent 
surgery for RPS, three patients were excluded because 
of death within 7 days postoperatively, and the 
remaining 239 patients were enrolled in this study. 
A flowchart illustrates the selection and subgrouping 
process (Figure 1).
 Of the 239 enrolled patients, 69 (28.9%) experienced 
DGE and 54 (22.6%) experienced clinically relevant 
DGE. DGE was classified as grade A (15/69, 21.7%), 
B (21/69, 30.4%), or C (33/69, 47.8%) based on the 
ISGPS definition. DGE was primary in 34 (49.3%) 
patients (grade A in 10, grade B in 6, and grade C in 
18) and secondary to other postoperative complications 
in 35 (50.7%) (grade A in 5, grade B in 15, and grade 
C in 15) (Figure 2A). Abdominal infection (n = 16), 

tumor diameters. Surgical resections were classified as 
macroscopically complete (R0/R1) or incomplete (R2) 
in accordance with most previous studies, because the 
large surface area and anatomical location of the RPS 
casts doubt on the use of a reliable microscopic margin 
assessment (33).

2.4. Statistical Analysis

Clinicopathological, surgical, and postoperative 
parameters are expressed as frequencies and percentages 
for categorical variables and medians and ranges for 
continuous variables. The chi-square test and t-test were 
used to compare categorical and continuous variables, 
respectively. Multivariate binary logistic regression 
with a forward LR strategy was used to analyze 
clinicopathological and surgical variables and explore 
the independent risk factors for clinically relevant DGE. 
Variables with P-values <0.1 from univariate analysis 
or clinical significance were incorporated into the 
multivariate model. Results were considered statistically 

Figure 2. Grade and category of DGE (A) and its most common concurrent complications (B). DGE, delayed gastric emptying; POPF, 
postoperative pancreatic fistula.

Figure 1. Flowchart for the selection and 
subgrouping process. DGE, delayed gastric 
emptying; RPS, retroperitoneal sarcoma.
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POPF (n = 9), abdominal bleeding (n = 7), bowel leak 
(n = 4), and bile leakage (n = 3) were the predominant 
concurrent complications associated with clinically 
relevant DGE (Figure 2B).
 Patient clinicopathological characteristics are 
shown in Table 1. Sex, age, BMI, previous diabetes, 
presentation status, and FNLCC grade were not 
associated with clinical DGE. Compared to patients 
not experiencing clinical DGE, those who experienced 
clinically relevant DGE had a larger tumor size (median 
26.5 cm vs. 17.0 cm, P < 0.001) and higher proportion 
of multifocal tumors (25/54, 46.3% vs. 58/185, 31.3%, 
P = 0.042) and dedifferentiated liposarcoma subtypes 
(57.4% vs. 34.6%, P = 0.021). In terms of pathological 
subtypes, the incidence rate of clinical DGE was 
highest in liposarcomas (40/128, 31.3%) and lowest in 
leiomyosarcomas (3/40, 7.5%).

 The surgical characteristics of patients are shown in 
Table 2. A significantly longer operating time (median: 
551 min vs. 406 min, P < 0.001), greater estimated 
blood loss (median: 2000 mL vs. 800 mL, P = 0.002), 
and a greater number of organs removed during surgery 
(median: 7 vs. 5, P < 0.001) were noted in patients 
who experienced clinically relevant DGE. Moreover, 
combined gastric resection (23/54, 42.6% vs. 31/185, 
16.8%; P < 0.001), pancreatic resection (33/54, 61.1% 
vs. 54/185, 29.2%; P < 0.001), major colon resection 
(49/54, 90.7% vs. 117/185, 63.2%; P < 0.001), and 
small intestine resection (23/54, 42.6% vs. 33/185, 
17.8%; P < 0.001) were significantly more common in 
patients with clinical DGE. Patients who had undergone 
PD were more likely to experience clinical DGE 
than those who had undergone DP (P = 0.016). The 
completeness of resection and resection of the kidney 

Table 1. Clinicopathological characteristics of patients

Parameter

Sex ratio, n (male:female)
Age (years)*
BMI (kg/m2)*
Diabetes, n (%)
Presentation status, n (primary:recurrent)
Pathological subtypes, n (%)
     DDLPS
     WDLPS
     LMS
     UPS
     SFT
     Other
FNCLCC grade, n (%)
     1
     2
     3
Tumor size (cm)*
Tumor focality, n (single:multifocal)

Total
 (n = 239)

124:115
55 (16-86)

   23.4 (15.6-39.0)
 24 (10.0%)

144:95

  95 (39.7%)
  33 (13.8%)
  40 (16.7%)
17 (7.1%)
16 (6.7%)

  38 (15.9%)

  43 (18.0%)
  99 (41.4%)
  97 (40.6%)

  19.0 (1.6-69.0)
156:83

*Median with range. DGE, delayed gastric emptying; BMI, body mass index; P-POSSUM, physiological and operative severity score for the 
enumeration of mortality and morbidity; DDLPS, dedifferentiated liposarcoma; WDLPS, well-differentiated liposarcoma; LMS, leiomyosarcoma; 
UPS, undifferentiated pleomorphic sarcoma; SFT, solitary fibrous tumor; FNCLCC, Fédération Nationale des Centres de Lutte Contre le Cancer.

No clinical DGE
(n = 185)

92:93
  55 (16-83)

     23.4 (15.6-39.0)
 17 (9.2%)

117:68

  64 (34.6%)
  24 (13.0%)
  37 (20.0%)
14 (7.6%)
14 (7.6%)

  32 (17.2%)

  36 (19.5%)
  79 (42.7%)
  70 (37.8%)

  17.0 (3.5-69.0)
127:58

Clinical DGE
 (n = 54)

32:22
58 (20-86)

   23.3 (16.9-32.2)
   7 (13.0%)

27:27

 31 (57.4%)
   9 (16.7%)
 3 (5.6%)
 3 (5.6%)
 2 (3.7%)

   6 (11.0%)

   7 (13.0%)
 20 (37.0%)
27 (50.0%)

26.5 (1.6-69.0)
29:25

P

   0.218
   0.208
   0.594
   0.125
   0.080
   0.021

   0.243

< 0.001
   0.042

Table 2. Operative data on patients

Parameter

Operating time (min)*
Estimated blood loss (mL)*
No. of resected organs*
Complete resection (R0/R1), n (%)
Partial gastric resection, n (%)
Pancreatic resection, n (%)
Type of pancreatic resection, n (%)
     Pancreaticoduodenectomy
     Distal pancreatectomy
Colon resection, n (%)
Small intestine resection, n (%)
Kidney resection, n (%)
Major vessel resection, n (%)

Total
 (n = 239)

   432 (71-1030)
   1000 (10-16000)

 5 (0-14)
215 (90.0%)
  54 (22.6%)
  87 (36.4%)

  31 (35.6%)
  56 (64.4%)
166 (69.5%)
  56 (23.4%)
130 (54.4%)
  61 (25.5%)

*Median with range. DGE: delayed gastric emptying.

No clinical DGE
(n = 185)

   406 (71-1030)
     800 (10-16000)

 5 (0-14)
170 (91.9%)
  31 (16.8%)
  54 (29.2%)

  14 (25.9%)
  40 (74.1%)
117 (63.2%)
  33 (17.8%)
  96 (51.9%)
  45 (24.3%)

Clinical DGE
 (n = 54)

  551 (300-995)
    2000 (100-15600)

7 (1-13)
 45 (83.3%)
 23 (42.6%)
 33 (61.1%)

 17 (51.5%)
 16 (48.5%)
 49 (90.7%)
 23 (42.6%)
 34 (63.0%)
 16 (29.6%)

P

< 0.001
   0.002
< 0.001
   0.066
< 0.001
< 0.001
   0.016

< 0.001
< 0.001
   0.151
   0.431



www.biosciencetrends.com

BioScience Trends. 2023; 17(1):54-62.BioScience Trends. 2023; 17(1):54-62. 58

or major vessels were not associated with clinical DGE.
 Mult ivar ia te  analysis ,  which included the 
aforementioned clinicopathological and surgical 
variables, indicated that the tumor size (odds ratio [OR]: 
1.034; 95% confidence interval [CI]: 1.006-1.062; P 
= 0.016), operating time (OR: 1.003; 95% CI: 1.001-
1.005; P = 0.003), and combined pancreatic resection 
(OR: 2.521; 95% CI: 1.243-5.113; P = 0.010) were 
independent risk factors for clinical DGE (Table 3). To 
further explore the independent risk factors for primary 
clinically relevant DGE, univariate and multivariate 
analyses of clinicopathological and surgical variables 
were also performed. The tumor size (P = 0.016), 
operating time (P = 0.033), and the number of resected 
organs (P = 0.048) were found to be associated with 
primary clinically relevant DGE in univariate analysis, 
and the tumor size (OR: 1.035; 95% CI: 1.006-1.066; P 
= 0.019) was identified as the unique independent risk 
factor in multivariate analysis.
 The patients' postoperative courses are shown in 
Table 4. The rates of nasogastric tube insertion during 
surgery (43/54, 79.6% vs. 64/185, 34.6%, P < 0.001), 
delayed nasogastric tube removal (median: 9 vs. 5 days, 
P < 0.001), and nasogastric tube re-insertion (25/54, 
46.3% vs. 11/185, 5.9%, P < 0.001) were significantly 
higher in patients experiencing clinical DGE. In 

addition, rates of ICU admission (37/54, 68.5% vs. 
52/185, 28.1%, P < 0.001), major complications (26/54, 
48.1% vs. 27/185, 14.6%, P < 0.001), reoperation 
(16/54, 29.6% vs. 9/185, 4.9%, P < 0.001), and 90-
day postoperative mortality (5/54, 9.3% vs. 5/185, 
2.7%, P = 0.034) were significantly higher in patients 
with clinical DGE. Accordingly, the total duration of 
hospitalization was longer in patients with clinical DGE 
(median: 34 vs. 16 days; P < 0.001).

4. Discussion

Postoperative DGE was first described by Warshaw 
et al. (34). Considering the rarity and complexity 
of surgery for RPS, only one study has specifically 
reported DGE after MVR for RPS in the English 
literature to date (29). The current study, which included 
239 patients, is potentially the largest single-center 
case series thus far. In addition, to the extent known, 
this study is the first to compare patients experiencing 
clinically relevant DGE to those experiencing no or 
mild DGE in patients both with primary and recurrent 
RPS.
 Rather than those potential life-threatening risks, 
the key threats to patients with DGE are delayed oral 
intake, prolonged hospitalization, and an increased 

Table 3. Multivariate regression analysis of the clinicopathological and surgical factors influencing clinically relevant 
DGE

Clinicopathological parameters

Presentation status (primary*: recurrent)
Pathology
DDLPS:Other*
WDLPS:Other*
LMS:Other*
Tumor size
Tumor focality (multifocal:single*)

OR (95% CI)

1.034 (1.006-1.062)

*is for reference. CI, confidence interval; OR, odds ratio; DGE, delayed gastric emptying; DDLPS, dedifferentiated liposarcoma; WDLPS, well-
differentiated liposarcoma; LMS, leiomyosarcoma; P-POSSUM, physiological and operative severity score for enumeration of mortality and 
morbidity.

P

0.016

Surgical parameters

Operating time
Estimated blood loss
No. of resected organs
Complete resection (yes:no*)
Partial gastric resection (yes:no*)
Pancreatic resection (yes:no*)
Small intestine resection (yes:no*)
Colon resection (yes:no*)

OR (95% CI)

1.003 (1.001-1.005)

2.521 (1.243-5.113)

P

0.003

0.010

Clinical DGE Clinical DGE

Table 4. Postoperative course of patients

Parameter

Nasogastric tube placement intraoperatively, n (%)
Removal of a nasogastric tube (POD)*
Re-insertion of a nasogastric tube, n (%)
ICU admission, n (%)
ICU days*
Postoperative hospitalization (day)*
Major complications other than DGE, n (%)
Re-operation, n (%)
90-day postoperative mortality, n (%)

Total
 (n = 239)

107 (44.8%)
 6 (2-57)

  36 (15.1%)
  89 (37.2%)

 4 (1-35)
 19 (6-149)
  53 (22.2%)
  25 (10.5%)
10 (4.2%)

*Median with range. DGE, delayed gastric emptying; POD, days postoperatively; ICU, intensive care unit.

No clinical DGE
(n = 185)

  64 (34.6%)
 5 (2-18)
11 (5.9%)

  52 (28.1%)
 3 (1-35)

 16 (6-105)
  27 (14.6%)
  9 (4.9%)
  5 (2.7%)

Clinical DGE
 (n = 54)

 43 (79.6%)
9 (2-57)

 25 (46.3%)
 37 (68.5%)

5 (2-21)
  34 (15-149)
 26 (48.1%)
 16 (29.6%)
 5 (9.3%)

P

< 0.001
< 0.001
< 0.001
< 0.001
   0.274
< 0.001
< 0.001
< 0.001
   0.034
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total cost of hospitalization. Therefore, when reporting 
major complications of surgery for RPS, DGE is often 
overlooked, even in high-volume centers, such as the 
Transatlantic Australasian RPS Working Group (35,36), 
resulting in a lack of data on the incidence and severity 
of DGE after surgery for RPS. Based on the widely 
accepted definition and grading standards proposed by 
the ISGPS, the incidence of DGE was 28.9% (69/239) 
and that of clinically relevant DGE was 22.6% (54/239); 
the rates were slightly lower than those reported by 
Baia et al. (42% and 28%, respectively) (29). In this 
case series, patients with primary and secondary 
DGE accounted approximately half and half, while 
DGE secondary to other complications was more 
often observed in patients with clinical DGE (30/54, 
55.6%) than in those with mild DGE (5/15, 33.3%). 
A similar trend was also observed in other studies, 
in which the proportion of patients with secondary 
clinical DGE reached 64.3% (18/28) after surgery for 
RPS (29) and 84.1% (37/44) after pancreatic surgery 
(23). Accordingly, abdominal infection, POPF, and 
abdominal bleeding (23,24,29) were the most common 
concurrent complications associated with clinically 
relevant DGE in the current study.
 The influence of intra-abdominal complications on 
the incidence of postoperative DGE was first reported 
by Henegouwen et al. (37) in 1997. In that prospective 
study, the incidence of DGE after standard PD (n = 
100) was compared to that after pylorus-preserving 
PD (n = 100). With a postoperative DGE prevalence 
of 65%, the study demonstrated that the presence of 
postoperative intra-abdominal complications was 
the predominant risk factor for DGE (P < 0.0001). 
Subsequently, several studies, including meta-analyses, 
yielded similar results (16,23,29,38). Therefore, 
some researchers have suggested that, without any 
obvious etiology, DGE could be regarded as a sentinel 
event of severe complications in pancreatic and RPS 
surgery (23,39). Moreover, Baia et al. reported that 
satisfactory outcomes (a resumption of oral feeding) 
were potentially achievable after the treatment of 
complications causing secondary DGE (29). In 
addition to major complications, the current results 
indicated that the rates of ICU admission (68.5% 
vs. 28.1%), reoperation (29.6% vs. 4.9%), and 90-
day mortality (9.3% vs. 2.7%) were also significantly 
higher in patients with clinically relevant DGE. The 
possible reasons for the link between the presence of 
major complications or other adverse postoperative 
courses and the incidence of DGE remain unclear. 
This indicates that clinical DGE may be considered the 
result of local inflammation and a manifestation of the 
patient's poor condition overall.
 While  analyzing the  re la t ionship  between 
postoperative course and DGE, we looked for 
independent risk factors among clinicopathological and 
surgical variables. In multivariate analysis, the tumor 

size, operating time, and combined pancreatic resection 
were independent factors associated with clinical DGE. 
Pancreatic resection itself, regardless of PD or DP, is 
a relatively high-risk operation, and DGE is one of its 
most common complications (21-26). During resection 
of RPS, removal of the pancreas is sometimes necessary 
for oncological or technical reasons. However, 
compared to combined resection of other organs (such 
as the colon and kidney), combined resection of the 
pancreas for RPS is more controversial due to the 
potentially high risk of morbidity and mortality (40-
43). In the current study, the prominent complications 
after combined pancreatic resection included POPF, 
abdominal infection, and abdominal bleeding, which 
were also found to be the most common complications 
leading to DGE. This potentially explains why a 
combined pancreatic resection increases the risk of 
clinical DGE.
 The tumor size and operating time were other 
independent risk factors for postoperative DGE. 
Considering that all patients underwent surgery by the 
same experienced surgical team led by Hao, operating 
time could be regarded as an indicator of the surgery's 
complexity. Owing to its biological characteristics 
and anatomic location, RPS often grows to a vast size 
and involves adjacent organs before being detected. 
When a large tumor is located in the upper quadrant, 
compression of the stomach, duodenum, or small 
intestine is common. The changes caused by long-term 
compression and relief of the upper gastrointestinal 
tract after tumor removal may also be a possible reason 
for postoperative DGE (29). Moreover, the incidence 
of DGE varies among subtypes. The highest incidence 
was noted with liposarcoma, in approximately 1/3 of 
patients (40/128), and the lowest with leiomyosarcoma, 
at a rate of 7.5% (3/40). This may be because 
leiomyosarcoma typically arises from retroperitoneal 
vessels, such as the inferior vena cava or renal/gonadal/
iliac vein; therefore, it is usually smaller in size and 
seldom requires gastrointestinal or pancreatic resection. 
In contrast, liposarcomas are generally larger in size, 
with a more indistinct border and a greater tendency 
to involve other organs (44), and they present as intra-
abdominal multifocal recurrence rather than distant 
metastasis. Patients with larger and multifocal tumors 
involving adjacent organs usually undergo longer 
surgeries, more complex surgical procedures, and the 
resection of more organs, possibly explaining why these 
patients are at a higher risk of developing clinically 
relevant DGE.
 The prevention and management of DGE remain 
challenging because the results of the current analysis 
indicated that the incidence of clinical DGE may 
depend more on the characteristics of the tumor rather 
than the surgical procedure. Considering the overall 
high recurrence tendency of RPS, from the perspective 
of local control, long hours of extensive MVR are 
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usually necessary for a large invasive tumor. Given 
that no specific agent can provide a faster recovery, the 
potential measures could include: effective preoperative 
systemic therapy to shrink the tumor and make it easier 
to remove, selection of an appropriate surgical approach 
and skilled surgical techniques to reduce the operating 
time as much as possible, a personalized histology-
specific surgical strategy to determine the possibility of 
pancreatic-preserving resection, and timely appropriate 
treatment to control underlying complications. All of 
these measures above are predicated on an experienced 
multidisciplinary team, and this is a significant reason 
why patient management in a high-volume specialized 
sarcoma center is strongly recommended (45,46).
 The main limitations of this study include its 
retrospective nature and the inclusion of patients from a 
single institution over a long period of time exceeding 
10 years. Nonetheless, this study has analyzed the 
largest case series to date and it provides meaningful 
insights into the characteristics of, risk factors for, and 
management of DGE after aggressive surgery for RPS. 
The current findings could help to understand this issue 
and improve clinical decision-making.
 In conclusion, the current study found that 
approximately one-fourth of patients have DGE after 
aggressive surgery for RPS and that DGE was primary 
or secondary to other underlying conditions. A large 
tumor involving long, difficult surgery and combined 
pancreatic resection highly predicted the incidence 
of clinically relevant DGE. The prevention and 
management of DGE remain challenging.
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Three years have passed since the pandemic due to 
coronavirus disease 2019 (COVID-19) began to ravage 
the world (1). As of January 5, 2023, over 657 million 
confirmed cases and over 6.6 million deaths have 
been reported globally (data from the World Health 
Organization, WHO) (Figure 1 A,B) (2). Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
continues to mutate and the global pandemic persists; 
most countries have adjusted policies and strategies in 
response to the burden of COVID-19. Current efforts to 
prevent and control COVID-19 have been normalized 
worldwide.
 China has also adjusted its prevention and control 
policies in accordance with the status of the COVID-19 
epidemic. On November 11, 2022, the Joint Prevention 
and Control Mechanism of the State Council issued 
20 new rules that emphasize simplifying categories 
of COVID-19 risk areas, halting the identification of 
secondary contacts, ending mass nucleic acid testing 
in most areas, and a series of strategies. On December 
7, 2022, China issued the "10 new measures" to ease 
COVID-19 related restrictions and to optimize response 
strategies. This optimization emphasized that patients 
with asymptomatic or mild cases can choose to be 

isolated at home, and negative results of nucleic acid 
testing are no longer required to enter public places. On 
December 26, 2022, the National Health Commission 
announced two significant adjustments. First, pneumonia 
caused by the novel coronavirus SARS-CoV-2 was 
renamed SARS-CoV-2 infection (COVID-19). Second, 
COVID-19 will be managed as a Class B infectious 
disease as of January 8, 2023 (Figure 2). Quarantine 
measures will not be imposed on patients infected with 
the virus, close contacts will not be identified, COVID-
risk areas will not be designated, and COVID-19-related 
quarantines will not be imposed on persons or goods 
entering the country.
 The severity of COVID-19 seems to be diminishing 
(3). The case fatality rate (CFR) has declined, and the 
number of vaccinated people has increased markedly. 
In Singapore, the CFR has fallen from 0.363% during 
the outbreak of the Delta variant (from June 7, 2021 to 
January 5, 2022) to 0.045% during the outbreak of the 
Omicron variant (from January 6, 2022 to November 
16, 2022) (data from Singapore's Ministry of Health) (4). 
As of December 23, 2022, more than 13 billion doses 
of the vaccine have been administered and more than 5 
billion persons have been fully vaccinated (data from 
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SUMMARY
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The COVID-19 pandemic has ravaged the world for three years. Most countries have adjusted 
policies and strategies in response to the burden of COVID-19. The severity of COVID-19 seems 
to be diminishing as the case fatality rate has declined and the number of vaccinated people has 
increased markedly. Given the large population worldwide, we need to pay attention to the continuing 
COVID-19 burden. Globally, the number of cases remains at a certain level, and the number of cases 
is still increasing in China. We also need to deal with shortages of medical resources, antipyretics, 
and home nursing facilities. SARS-CoV-2 will coexist with humans for a long time, and predicting 
viral mutations and pandemic trends will be difficult. The reform of the whole public health system 
is imperative. A comprehensive surveillance system should be created to determine the proportion 
of various pathogens and to guard against mixed infections of respiratory infectious diseases. A 
comprehensive response mechanism, including preventive measures and medical treatments, should be 
created as soon as possible to monitor the status of the epidemic and to deal with the long-term health 
burden of SARS-CoV-2.
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the WHO) (5).
 Given the large population worldwide, we need 
to pay attention to the continuing COVID-19 burden. 
Over 13.7 million cases and over 40,000 new fatalities 
were reported globally in four weeks before December 
18, 2022, and the number of cases has remained at a 
certain level (data from the WHO) (6). The number of 
cases is still increasing in China. According to an online 
survey (the second such survey) in Sichuan Province on 
December 24, 2022, 100,679 of 158,506 respondents 
reported testing positive according to a nucleic acid or 
antigen test (7). The rate of infection (63.52%) had risen 
16.53% since the first survey (46.93%) on December 
19, 2022. As of December 30, 2022, the estimated rate 
of infection in Hainan Province reached 50% (8). As 
of December 31, 2022, 66,298 confirmed cases were 
reported on the Chinese mainland, 2,718 (4.10%) of 
which were severe cases (9). The proportion of severe 
cases remains at low. In big cities like Beijing and 
Shanghai, the infection has peaked as the number 
of visits to fever clinics and emergency calls for 
ambulances have decreased. The proportion of severe 

cases may peak in the near future. Infection may soon 
peak in rural areas. Responses should be devised in 
advance.
 Regardless of the trends in the rate of infection or 
the proportion of severe cases, the sheer number of 
patients, and especially these with severe cases, will 
strain medical resources like intensive care units (ICU) 
or converted ICU beds. A peak in infection will also 
strain the supply of antipyretics and medical equipment 
at home nursing facilities (like thermometers and 
oximeters) all over the world (10). Moreover, the strain 
on medical resources and the shortage of drugs and 
related home care equipment will pose psychological 
challenges to the public without proper guidance.
 The transmissibility of COVID-19 continues to 
increase as SARS-CoV-2 mutates. This is another 
hidden danger. The effective reproduction number (Re) 
of BA.4 and BA.5 are respectively 1.19 and 1.21 times 
that of BA.2 (11). The global spread of respiratory 
infectious diseases like COVID-19 has already become 
the norm, and a global response framework needs to be 
seriously considered.
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(A)

(B)

Figure 1. (A) Global confirmed cases of COVID-19 reported to the WHO as January 5, 2023; (B) Global deaths due to COVID-19 reported 
to the WHO as January 5, 2023. As of 4:33 PM CET on January 5, 2023, there have been 657,430,133 confirmed cases of COVID-19 globally, 
including 6,676,645 deaths, reported to the WHO.
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 To deal with the large number people who are about 
to be infected, the government should continue to create 
a hierarchical medical system as soon as possible. Many 
rural and community health service centers (CHS) 
require training and guidance to enhance primary care. 
Medical facilities at all levels need to stock a certain 
amount of antivirals, and pharmaceutical companies 
should plan to enhance their production capacity of 
drugs. The scale of departments of critical care medicine 
and respiratory medicine at medical facilities should 
be increased appropriately to accommodate more 
patients. The government should also pay attention to 
the tide of public opinion on medical treatment. Timely 
and transparent explanations from the authorities can 
provide credible guidance and psychological relief for 
the public.
 Due to the mutation of SARS-CoV-2, existing 
vaccines barely prevent infection. However, medical 
professionals all agree that people who have been 
fully vaccinated have a lower risk of severe illness, 
hospitalization, and death from COVID-19 than 
those who are unvaccinated or not fully vaccinated. 
Vaccination should still be encouraged for the elderly 
population. Having been fully vaccinated and having 
received boosters, individuals who are over 80 years 
old with underlying conditions should receive the fifth 
heterologous dose as soon as possible. The mRNA 
vaccine is also recommended for the public to better 
guard against the pandemic. When the vaccine is less 
effective at protecting against infection and it only 
protects against severe illness, attention should also be 
paid to how to encourage the public's willingness (and 
especially the elderly) to receive a booster (12,13).
 Non-pharmaceutical interventions (NPIs) should 
still be emphasized, and especially in key places with 
vulnerable population (such as nursing homes for the 
elderly and schools) and at important times when public 
travel increases (such as New Year's Day and Spring 
Festival). As the Spring Festival approaches and people 
return to their hometowns, gatherings of people in rural 
areas should be restricted to delay the peak of infection 
and severe illness. Classic preventive measures, such as 
wearing a mask, social distancing, and hand hygiene, 
have always been considered effective at preventing and 
controlling various infectious diseases, and especially 
in the early stage of an outbreak or pandemic in the 
absence of vaccines or other effective medicines (14,15). 
 As prevention and control becomes normalized, a 
national or even an international surveillance system 
for COVID-19 should be created. Simply depending on 
the influenza surveillance system is insufficient because 
SARS-CoV-2 is more contagious and causes more 
serious symptoms, so medical and prevention efforts 
should be integrated. First, sentinel hospital surveillance 
can be conducted based on the national influenza 
surveillance system. Nucleic acid or antigen testing can 
be implemented among outpatient or emergency cases 
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of influenza-like illness (ILI) and inpatients with severe 
acute respiratory infection (SARI) at sentinel hospitals. 
Second, symptoms should be monitored in nursing 
facilities for the elderly, social welfare institutions, 
schools, and other key places. In addition, entities and 
institutions should promptly report clusters of cases, and 
centers for disease control and prevention (CDC) should 
promptly conduct field investigations and implement an 
epidemic response.
 On the one hand, etiological surveillance should 
ascertain the spectrum of respiratory pathogens, 
including SARS-CoV-2 and the influenza virus, to 
determine the proportion of various pathogens and to 
guard against mixed infections of respiratory infectious 
diseases such as influenza and COVID-19. On the other 
hand, we should pay attention to the current status of 
strains around the world. The XBB variant has been 
detected among people entering China. We need to pay 
attention as to whether it will become a prevalent strain 
(16).
 We should see if preventive interventions by the 
CDC system have promoted public health at the front 
line of clinical treatment. The reform of the whole CDC 
system is imperative. The CDC system should focus 
on two types of emerging infectious diseases (EIDs) 
(one is respiratory infectious diseases like COVID-19 
and the other is vector-borne and zoonotic diseases like 
monkeypox), and it should mainly work on monitoring, 
providing an early warning, and facilitating emergency 
control of emergent acute infectious diseases. The 
government should foster personnel and provide 
material and financial support to the CDC system.
 To avoid disasters like COVID-19, China's 
experience in containing the pandemic warrants further 
recognition (1). It proved that we need to pay adequate 
attention to infectious diseases in their early stages. 
Relying solely on conventional public health measures 
and utilizing new technologies such as nucleic acid 
testing and mobile communications, we are fully 
capable of eliminating an infectious disease early and 
locally and eliminating its risk of becoming a worldwide 
pandemic despite the absence of vaccines and specific 
drugs.

Funding: None.

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

Author Contribution: M.Y.L, F.Z.G, and J.M.S analyzed 
the results and wrote the manuscript. G.Z.Y conducted 
the study, revised the manuscript, and approved the 
manuscript.

References

1. Luo M, Liu Q, Wang J, Gong Z. From SARS to 

the Omicron variant of COVID-19: China's policy 
adjustments and changes to prevent and control infectious 
diseases. Biosci Trends. 2022; 15:418-423.

2. WHO. WHO Coronavirus (COVID-19) Dashboard. 
Website World Heal. Organ. 2023. https://covid19.who.
int/ (accessed January 5, 2023).

3. Karako K, Song P, Chen Y, Karako T. Trends in managing 
COVID-19 from an emerging infectious disease to a 
common respiratory infectious disease: What are the 
subsequent impacts on and new challenges for healthcare 
systems? BioSci Trends. 2022; 16: 381-385.

4. Xu Z. Singapore's latest rate of severe disease and case 
fatality rate released! Morbidity and mortality rates for 
XBB are 21 to 62% of influenza. Singapore Eye Official 
WeChat Account. https://mp.weixin.qq.com/s?search_
click_id=15670140554785809472-1672478460447-
6401020312&__biz=MzU4NTU0MDgzOA==&mid=22
47922727&idx=3&sn=81400ec692ed010bcd82c3df9f9
66081&chksm=fd80c1aecaf748b8fbe65acc06b41b9338
5d0bd4a9018e6f604c40e23fd33e779076f2674a1b&sce 
(accessed November 17, 2022). (in Chinese)

5. WHO Coronavirus (COVID-19) Dashboard with 
Vaccination Data. WHO. 2022. https://covid19.who.int/ 
(accessed December 23, 2022).

6. WHO. COVID-19 weekly epidemiological update. 2022 
https://www.who.int/publications/m/item/covid-19-weekly-
epidemiological-update. (accessed January 5, 2023).

7. Sichuan Provincial Center for Disease Control and 
Prevention. Results of a survey on the prevalence of 
COVID-19 in Sichuan Province (Second survey). https://
www.sccdc.cn/view.aspx?id=31245 (accessed January 3, 
2023). (in Chinese)

8. Hainan Epidemic Prevention and Control. Hainan 
Province: Infection has peaked in Sanya and Haikou, and 
the rate of infection in the whole province is expected to 
reach 50%. Official WeChat Account. https://mp.weixin.
qq.com/s/Va_qh6tSpllUlYoQ6jvThQ (accessed December 
30, 2022). (in Chinese)

9. Chinese Center for Disease Control and Prevention. 
Update on the COVID-19 pandemic as of 24:00 on 
December 31. https://www.chinacdc.cn/jkzt/crb/zl/
szkb_11803/jszl_11809/202301/t20230101_263164.html 
(accessed January 1, 2023). (in Chinese)

10. Beijing News. The shortage of antipyretics is unexpectedly 
spreading all over the world. Tencent Online. https://new.
qq.com/rain/a/20221219A05QSU00 (accessed December 
19, 2022). (in Chinese)

11. Kimura I, Yamasoba D, Tamura T, et al. Virological 
characteristics of the novel SARS-CoV-2 Omicron 
variants 2 including BA.2.12.1, BA.4 and BA.5. bioRxiv 
2022. DOI:10.1101/2022.05.26.493539.

12. Caycho-Rodríguez T, Tomás JM, Carbajal-León C, Vilca 
LW, Reyes-Bossio M, Intimayta-Escalante C, Vivanco-
Vidal A, Saroli-Araníbar D, Esteban RFC, White M. 
Sociodemographic and psychological predictors of 
intention to receive a COVID-19 vaccine in elderly 
Peruvians. Trends Psychol 2022; 30:206-223.

13. Gallant AJ, Nicholls LAB, Rasmussen S, Cogan N, Young 
D, Williams L. Changes in attitudes to vaccination as a 
result of the COVID-19 pandemic: A longitudinal study of 
older adults in the UK. PLoS One. 2021; 16:e0261844. 

14. Lai S, Ruktanonchai NW, Zhou L, Prosper O, Luo 
W, Floyd JR, Wesolowski A, Santillana M, Zhang C, 
Du X, Yu H, Tatem AJ. Effect of non-pharmaceutical 
interventions to contain COVID-19 in China. Nature. 



www.biosciencetrends.com

BioScience Trends. 2023; 17(1):63-67.BioScience Trends. 2023; 17(1):63-67. 67

2020; 585:410-413.
15. Luo M, Sun J, Gong Z, Wang Z. What is always necessary 

throughout efforts to prevent and control COVID-19 and 
other infectious diseases? A physical containment strategy 
and public mobilization and management. Biosci Trends 
2021; 15:188-191.

16. Stein R. RSV recedes and flu peaks as a new COVID 
variant shoots 'up l ike a rocket ' . NPR Podcasts 
& Shows. https:/ /www.npr.org/sect ions/health-
shots/2023/01/06/1147372029/new-covid-omicron-
subvariant-spreading-fast-data (accessed January 7, 
2023).

Received January 7, 2023; Revised January 13, 2023; Accepted 
January 15, 2023.

§These authors contributed equally to this work. 
*Address correspondence to:
Zhenyu Gong, Department of Communicable Disease Control 
and Prevention, Zhejiang Provincial Center for Disease Control 
and Prevention, Hangzhou 310051, Zhejiang, China. E-mail: 
zhygong@cdc.zj.cn

Released online in J-STAGE as advance publication January 
16, 2023.



www.biosciencetrends.com

BioScience Trends. 2023; 17(1):68-72.BioScience Trends. 2023; 17(1):68-72. 68

Updated information regarding acute severe hepatitis of unknown 
origin in children: Viewpoints of and insights from pediatricians

Liping Pan1,§, Lulu Sun1,§, Tetsuya Asakawa2,§,*, Xiaoming Ben1,*, Hongzhou Lu3,*

1 Department of Pediatrics, Third People's Hospital of Shenzhen, Shenzhen, Guangdong, China; 
2 Institute of Neurology, Third People's Hospital of Shenzhen, Shenzhen, Guangdong, China;
3 Department of Infectious Diseases, National Clinical Research Center for Infectious Diseases, Third People's Hospital of Shenzhen, Shenzhen, 

Guangdong, China.

Acute severe hepatitis of unknown origin in children 
(SHIC) was first reported on March 31, 2022 in 
Scotland (1). The World Health Organization (WHO) 
subsequently reported ten cases of analogous severe 
hepatitis in children on April 15, 2022, mainly occurring 
in the United Kingdom (UK) (2). Later, a total of 746 
cases of SHIC were reported in 36 countries and regions 
other than the UK (3). There were no subsequent 
reports indicative of a SHIC pandemic, and only 44 
new cases were reported in 10 countries according to 
data as of  August 26, 2022 (Figure 1) (4). Nonetheless, 
this condition has garnered considerable attention 
because of its "uncertain but severe" nature as well 
as the fact that it "only" affects children. A number of 
studies have attempted to elucidate the pathophysiology 
of this hepatitis in terms of its epidemiology (5), 
immunology (3), and clinical manifestations (6). A viral 
infection seems to be the leading hypothesis among 
many researchers (5,7-9), but there is limited evidence 
to identify a definitive pathology. Previous studies 
by the current authors presented primary information 
regarding SHIC in June (10) and August (11) of 2022. 
The current study offers comments and insights on 
SHIC from the perspective of pediatricians based on 
updated information. These opinions might help to 
explore the etiology and improve the diagnosis and 
treatment of this hepatitis.

1. A summary of what is known

The status quo of SHIC globally

From April 5, 2022 to September 30, 2022, a total of 555 
cases of SHIC were reported in 22 countries (4), but only 
44 new cases were reported from July 29, 2022 to August 
26, 2022 (Figure 1). Hence, SHIC does not represent a 
global pandemic, and its incidence is decreasing.

Hypotheses regarding its etiology

According to a report from the WHO, 231 (53.1%) of 
435 patients tested positive for adenovirus, and whole 
blood specimens exhibited the highest positivity. 
Approximately 11% tested positive for SARS-CoV-2 
according to a PCR assay, while 62.2% tested positive 
according to serology (4). These findings strongly imply 
a close association between viral infection and SHIC, a 
contention that is supported by most researchers (5,7-
9).  Abnormal susceptibility or an aberrant host response 
due to an infection (particularly a viral one), toxin, 
drug, or environmental exposure might play a role in 
the pathophysiology of SHIC. Thus far, conventional 
hepatitis A-E virus and COVID-19 vaccines have been 
eliminated from its etiology (12). Conversely, several 
potential pathogens were considered: 1) Adenovirus: 
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SUMMARY

Keywords acute severe hepatitis of unknown origin in children, COVID-19, adenovirus, SARS-CoV-2, 
immune reaction

Recently, the morbidity of acute severe hepatitis of unknown origin in children (SHIC) has tended 
to decrease, but this condition should not be ignored because of its uncertain but severe nature. The 
current study briefly summarizes updated information regarding the epidemiological, clinical, and 
etiological aspects of SHIC based on the newest information available. Opinions from pediatricians 
are also presented. In light of the status quo of SHIC and COVID-19 globally, several suggestions are 
proposed to improve future studies, which could help to further explore the underlying mechanisms of 
SHIC in the context of COVID-19. 
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Early in 2008, Ozbay et al. found that an adenovirus 
infection might cause acute liver failure in healthy 
children (13). Adenovirus, and particularly the 41F 
strain, is regarded as the most likely pathogen causing 
SHIC (2) since 53.1% cases were reported to test 
positive according to whole blood specimens (4). A 
report from the UK Health Security Agency speculated 
that infection with the adenovirus may alter immunity 
in healthy children, thus leading to SHIC (14). Vidal 
et al. found that positivity for adenovirus was closely 
associated with indicators of disease severity, such as 
ICU admission and liver transplantation (5). Kelly et 
al. also discussed whether a mutation of the adenovirus 
triggers an abnormal immune response and potentially 
causes SHIC (15). Thus far, however, there is insufficient 
conclusive or direct evidence regarding the role of 
adenovirus. Perez-Gracia et al. found that approximately 
half of patients tested positive for adenovirus according 
to while blood specimens. However, none tested positive 
according to liver and plasma samples (7). These findings 
lessen adenovirus as a potential etiology of SHIC. 2) 
SARS-CoV-2: SARS-CoV-2 is the second pathogen that 
is considered relevant to SHIC. Sacco et al. contended 
that SARS-CoV-2 living in the gastrointestinal tract can 
act as a superantigen, receiving continuous and repeated 
activating stimuli from the adenovirus (or co-infection) 
and eventually causing SHIC (16). This hypothesis 
regards SHIC as part of a multi-system inflammatory 
syndrome. 

Clinical characteristics of reported cases

All of the reported cases of SHIC involve children 
under 16 years of age; most involved children ages 
0-5, a few involved those ages 6-10, and very few 
involved those ages 11-15 (in the study by Vidal et 
al., the respective proportions were 77.3%, 14.8%, 
and 8.0%) (5). In the report by the WHO, children 

ages 0-5 accounted for 75.9% of cases (4). All of 
the children presented with manifestations of acute 
hepatitis, i.e., significantly elevated (over 500 U/L) 
serum levels of aspartate transaminase (AST) and/or 
alanine transaminase (ALT)  (6). The symptoms were 
nonspecific and included jaundice, vomiting, pale stools, 
fever, and gastrointestinal symptoms. Hepatomegaly 
and hepatic encephalopathy were also reported (17). Of 
344 children, 252 (73.3%) recovered, but 89 (25.8%) 
required intensive care, and 22 (6.4%) of the latter 
required liver transplantation (4). Vidal et al. found that 
patients of a young age and with an adenovirus infection 
were more likely to develop severe hepatitis and thus 
need to be admitted to the ICU or undergo a liver 
transplantation (5).

Diagnosis and treatment

The etiology of SHIC remains unclear, so all the 
available diagnostic protocols seem to be oriented 
toward an "exclusionary" or "exploratory" diagnosis 
(6). A diagnosis of exclusion means two steps: 1) 
Confirmation of hepatitis: usually using indices like 
ALT and/or AST and 2) Exclusion of hepatitis with 
known causes, such as an infection with hepatitis 
virus A, B, C, D, or E; medication/vaccine or toxin-
related hepatitis; autoimmune-related hepatitis; and 
secondary hepatitis related to a disease in some other 
system. An exploratory diagnosis means a spectrum 
of laboratory tests/examinations and imaging studies 
including 1) hepatitis-related indices to confirm 
hepatitis and assess its severity; 2) virus-related indices 
to eliminate known viruses and to identify potential 
pathogens; and 3) imaging studies to confirm hepatitis 
and its complications (such as hepatic encephalopathy). 
Samples including whole blood, plasma, nasopharyngeal 
swabs, stool, and urine should be collected. If possible, 
a liver biopsy is also suggested. 
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Figure 1. Number of SHIC cases per week (Updated on September 29, 2022). All data (Figure) are publicly available information from the 
Joint ECDC-WHO Regional Office. https://www.ecdc.europa.eu/en/hepatitis/joint-hepatitis-unknown-origin-children-surveillance-bulletin
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and particularly childhood viruses. This might cause an 
abnormal immune response, particularly among children 
with insufficient acquired immunity. This is considered 
an "immune gap" (19) and might be a potential 
explanation for why most of the cases involved young 
children. 
 Another potential problem is "reporting bias." An 
"outbreak among children in a short period of time" is 
an eye-catching description. However, whether acute 
severe hepatitis of unknown etiology also develops in 
adults is unknown, and this fact cannot be ignored. 

The potential pathophysiological interpretation of SHIC

On the basis of the available information, the potential 
pathophysiological interpretation of the pathogenesis 
of SHIC might lie in the interactions/crosstalk among 
adenovirus, SARS-CoV-2, and the immune system. 
Common pathogens like adenovirus can cause hepatitis 
in children (13) and adults (20) with compromised 
immunity. Moreover, the role of SARS-CoV-2 cannot be 
ignored. Several studies have reported that SARS-CoV-2 
acts as a "superantigen" in the gastrointestinal tract 
(3,16,21), and this may play a role in the pathogenesis 
of SHIC. In addition, acquired immunity in children 
might be insufficient in the context of COVID-19. 
The complex interactions among the adenovirus, 
gastrointestinal SARS-CoV-2, and abnormal immune 
reactions might explain the incidence of SHIC during 
the COVID-19 pandemic (Figure 2). This hypothesis 
warrants further investigation. However, some 
researchers have also pointed out that SHIC developed 
during the COVID-19 pandemic, hence the presence of 
COVID-19 in SHIC might be a coincidence (3) that may 
be related to vaccination or the virus itself.

3. Concluding remarks: Challenges and prospects for 
the future

 Thus far, there is no specific treatment for SHIC. 
Reported therapeutic strategies including 1) supportive 
therapy, 2) symptomatic therapy, and 3) antiviral therapy 
is only recommended for patients who are positive for 
a viral infection, such as administration of ribavirin 
to treat an adenovirus infection (18). Strategies also 
include 4) treatment of complications and 5) liver 
transplantation as the option of last resort for patients 
with severe hepatic damage. These strategies are not 
specific in comparison to those used to treat severe 
hepatitis with a known etiology.

2. Opinions regarding SHIC

Is SHIC an emerging infectious disease (EID)? 

Evidence of  a  source of  infect ion,  a  route of 
transmission, and susceptible hosts is essential to 
identifying an EID. Thus far, however, there is 
insufficient evidence regarding the source of infection. 
The available reports have noted a close association 
among adenovirus, SARS-CoV-2, and SHIC, but there is 
no evidence that these viruses cause SHIC. In addition, 
no novel hepatitis viruses have been found. Hence, the 
source of infection is unknown. All of the cases seem 
to be sporadic, though they did resemble an "outbreak" 
in the middle of 2022. None of the reports have 
documented evidence of human-to-human transmission. 
An important finding is the lack of any specific antibody 
related to this "outbreak." Hence, there are insufficient 
grounds to classify SHIC as an EID based on currently 
available information. 

Are children susceptible hosts?

In an era of COVID-19, measures to prevent COVID-19 
(wearing a mask, social distancing, etc.) might limit 
children’s exposure to pathogens (including adenovirus), 

Figure 2 Potential mechanisms of SHIC on the basis of the interactions among adenovirus, SARS-CoV-2, and immune reactions. Three 
potential pathways of SHIC: Adenovirus-related (blue), SARS-CoV-2-related (purple), and interaction-related (green).
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At this moment, the morbidity of SHIC is tending to 
decrease, but SHIC should not be ignored. As a disease 
with an etiology and pathogenesis that remain unclear, 
no one knows when and where an "outbreak" of SHIC 
will occur again in the future. The following suggestions 
have been offered from the viewpoint of pediatricians:
 Epidemiology: Creating and enhancing a global 
surveillance/reporting system for hepatitis of unknown 
origin is an urgent task. This system should include 
not only the cases in children but also in adults. 
This would help to collect detailed information and 
provide a comprehensive understanding regarding this 
indeterminate form of hepatitis.
 Pathology: A liver biopsy is the gold standard 
for identification of pathological changes as well as 
pathogens and immune reactions in local lesions. A liver 
biopsy should be performed in all patients with this 
indeterminate form of hepatitis.
 Mechanisms :  Interact ions/crosstalk among 
adenovirus, SARS-CoV-2, and immune reactions 
should be further investigated. Additional mainstream 
technologies like high-throughput sequencing and -omic 
analyses should be used to help with these investigations.
 Prevention: Common preventive measures, such 
as prevention of fecal-oral transmission, should be 
enhanced particularly in young children. Likewise, 
preventive measures by family members, medical 
personnel, and caregivers should also be emphasized due 
to the uncertain nature of this disease.
 Thus far, there is limited available information with 
which to obtain a comprehensive understanding of 
and insights into SHIC. More efforts should be made 
to investigate this hepatitis of unknown etiology by 
pediatricians and also by all researchers working in the 
field of infectious diseases.
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It is estimated that Mycobacterium tuberculosis (M.tb) 
infected a quarter of the world's population (1). Latent 
tuberculosis infection (LTBI) constitutes a broad 
spectrum of infection states that differ by the degree 
of pathogen replication, host immune response, and 
inflammation (2). Approximately 5-10% of those 
with LTBI will progress to active tuberculosis (ATB) 
(3). WHO recommends immunodiagnostic tests for 
LTBI detection, either a tuberculin skin test (TST) or 
interferon-gamma (IFN-γ) release assays (IGRAs) (4). 
However, these tests are not precise enough. In certain 
situations, TB exposure can be used as a surrogate 
for LTBI (5). Furthermore, TST and IGRAs can not 
differentiate LTBI from ATB (6). Thus, a more precise 
tool is urgently needed for the consecutive management 
of uninfected status, LTBI, and ATB.
 Recent studies indicate that breathomics may be 
a useful rule-in or rule-out tool for diagnosing ATB 

(7), which uncovers the host-pathogen interaction via 
comprehensive exhaled breath analysis. Breathomics 
may hold promise to distinguish healthy subjects, LTBI 
and ATB (8) if a breath test can find the trace and tell 
the difference of M.tb in consecutive states in the host 
(9). High-pressure photon ionization time-of-flight mass 
spectrometry (HPPI-TOFMS) is designed and developed 
by our team, which can directly detect volatile organic 
compounds (VOCs) in exhaled breath (10). In our 
previous studies, this breath detection platform has been 
verified in lung cancer (11,12), esophagus cancer (13), 
and Corona Virus Disease 2019 (COVID-19) (14). In this 
study, we explored the use of this novel, rapid, simple, 
and inexpensive breath test to detect LTBI. 
 We conducted a cross-sectional study (Chinese 
Clinical Trials Registry number: ChiCTR2200058346) 
in which a breath sample was collected from 435 
participants with informed consent signed at the Third 
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SUMMARY

Keywords latent tuberculosis infection, tuberculosis, diagnosis, volatile organic compounds, breath 

Mycobacterium tuberculosis (M.tb) infects a quarter of the world's population and may progress to 
active tuberculosis (ATB). There is no gold standard for diagnosing latent tuberculosis infection (LTBI). 
Some immunodiagnostic tests are recommended to detect LTBI but can not distinguish ATB from 
LTBI. The breath test is useful for diagnosing ATB compared to healthy subjects but was never studied 
for LTBI. This proof-of-concept study (Chinese Clinical Trials Registry number: ChiCTR2200058346) 
was the first to explore a novel, rapid, and simple LTBI detection method via breath test on high-
pressure photon ionization time-of-flight mass spectrometry (HPPI-TOFMS). The case group of 
LTBI subjects (n = 185) and the control group (n = 250), which included ATB subgroup (n = 121) and 
healthy control (HC) subgroup (n = 129), were enrolled. The LTBI detection model indicated that a 
breath test via HPPI-TOFMS could distinguish LTBI from the control with a sensitivity of 80.0% (95% 
CI: 67.6%, 92.4%) and a specificity of 80.8% (95% CI: 71.8%, 89.9%). Nevertheless, further intensive 
studies with a larger sample size are required for clinical application. 
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People's Hospital of Shenzhen in Shenzhen, China, 
between March 2020 and November 2022. This study 
(No.2022017) was approved by the Ethics Committee 
of the Third People's Hospital of Shenzhen. The study 
population consisted of three main groups. The LTBI 
group included the participants who were contacts 
of ATB patients and had a positive IGRA result, 
with normal chest imaging and no evidence of ATB 
(n = 185). The control group consisted of two main 
subcategories: 1) ATB group (n = 121): ATB subjects 
in whom M.tb culture or GeneXpert TB-DNA was 
positive, and chest imaging was suggestive of ATB; 2) 
healthy control (HC) group (n = 129): healthy subjects 
who came for physical examination and had no known 
contacts with ATB patients, with a negative IGRA 
result and a normal chest imaging. All participants were 
enrolled in the queue. Because of the selection offset, 
the enrolled HC is younger than other groups. The age 
is significantly (p < 0.001) different between the case 
and control groups, whose median ages are 41 and 28, 
respectively. There is no significant difference (p = 0.397) 
in gender between the case and control groups. 
 Breath samples were collected using a predefined 
protocol and tested in our developed HPPI-TOFMS 
within twenty-four hours (10). The sampling apparatus 
comprised a disposable gas nipple and a sampling bag 
made of polyether-ether-ketone (PEEK). In this study, 
we set standard sampling demands and protocols to 
minimize the influence of the daily diet. Firstly, we 
conducted sampling at a second visit if he/she was an 
inpatient and informed the participants to prepare for 
sampling in advance: no smoking, alcohol, or diets 
within an hour before sampling. Secondly, participants 
were required to rinse their mouths with purified water 
instantly before sampling. Thirdly, all samples must 
be collected in the same environment, which could 
minimize the effects of environmental facts. With a deep 
nasal inhalation, participants completely exhaled the air 
into the sampling bag with over 1.2 L volume.
 All the enrolled participants were randomly split into 
three groups: 50% of them for model construction, 20% 
for internal validation, and the remaining 30% for model-
blinded testing. Thus, 92 LTBI patients and 123 controls 
were randomly selected as the discovery data set for 
Random Forest (RF) (15) based LTBI detection model 
training, which was evaluated on an internal validation 
dataset (37 LTBI patients and 51 controls) and blinded 
test dataset (56 LTBI patients and 76 controls). 
 To transfer the mass spectrum data produced by 
HPPI-TOFMS, noise-reducing, and baseline correction 
were applied via anti-symmetric wavelet transformation 
after mass calibration. Then, the area of the strongest 
peak in the range of (x – 0.1, x + 0.1) was calculated 
as the feature of VOC with m/z close to x. In this way, 
a mass spectrum would be transferred into 1500 ion 
features in the m/z range of (20, 320). To avoid over-
fitting in model training, the features without significant 

difference (p > 0.05) and features with high correlation 
coefficient but low peak area were excluded. Then, the 
model-based feature selection was executed based on 
training and validation datasets, and the top ten VOC 
ions were selected according to the ranked feature 
importance. 
 In this study, the receiver operating characteristic 
(ROC) curve analysis was implemented. The sensitivity 
(SEN), specificity (SPE), positive prediction value (PPV), 
negative prediction value (NPV), accuracy (ACC), area 
under the ROC curve (AUC), and their relative 95% 
confidence interval (CI) were calculated to evaluate the 
performance of LTBI detection model.
 As shown in Table 1 and Figures 1a and 1b, with 
the cut-off value of 0.5 (over 0.5 is considered LTBI), 
the LTBI detection model achieved good discrimination 
performance with an SEN and an SPE of 78.4 (95% CI: 
63.4%, 94.3%) and 84.3% (95% CI: 74.3%, 94.3%) in 
the internal validation dataset. In the test dataset, the 
model performance slightly dropped, with the AUC 
decreasing from 0.913 (95% CI: 0.854, 0.972) to 0.867 
(95% CI: 0.809, 0.925). The SEN and SPE achieved in 
the test dataset were 80.4% (95% CI: 68.7%, 92.0%) 
and 80.3% (95% CI: 71.3%, 89.2%). Since there are 
two subgroups in the controls, we also evaluated the 
performances in discriminating LTBI with ATB and 
HC, respectively. The LTBI model performed better in 
discriminating LTBI and HC with an AUC of 0.952 (95% 
CI: 0.909, 0.995) than in discriminating LTBI and ATB 
with an AUC of 0.777 (95% CI: 0.692, 0.861).
 To evaluate the selected VOC ions in LTBI detection, 
we trained the LTBI detection model on each single VOC 
ion and evaluated it in the test dataset. The ROC curve 
in Figure 1c demonstrates that the discrimination of a 
single VOC ion is also good but limited (0.64 < AUC < 
0.80), which is much inferior to the performance (AUC 
= 0.867) of the combination of all ten VOCs. It implies 
that the panel of VOC ions is the basis for breathomics-
based LTBI detection. Figure 1d illustrates the patterns 
of these ten VOC ions that are visually different in ATB, 
LTBI, and HC groups. Figure 1e illustrated there are 
significant differences (p < 0.001) among LTBI, HC, and 
ATB groups for almost all ten VOC ions, except for the 
VOC with m/z of 129 between LTBI and ATB (p = 0.589). 
Since the TOF mass spectrometer can only confirm the 
m/z of detected VOCs, we need to infer the possible 
chemicals of these LTBI related VOC ions based on 
their m/z (121, 145, 129, 135, 105, 130, 117, 93, 77, 
109), peak area distribution, other published potential 
biomarkers, and the human breathomics database (16). 
The VOC ions with m/z of 145, 135, 130, and 109 should 
be 1,4-dimethyl-indol, benzothiazole, 2-ethyl-1-hexanol, 
and 4-aminophenol, respectively. The VOC ions with 
m/z of 145, 135, 121, 129, 117, and 77 would be the 
protonated ion of octanoic acid, 1-methyl-4-(1-methyl 
ethyl)-, 4-ethyltoluene, naphthalene, 2-methyl propyl 
acetate, and carbon-disulfide, respectively. The VOC 
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Figure 1. The ROC comparisons and the top ten VOC ions of the developed LTBI detection model. ROC comparison in validation and test 
datasets (a) and test set (b). The LTBI detection power of the top ten selected VOC ions in the test dataset (c). The heatmap of peak area distribution 
in all HC, LTBI, and ATB samples (d). The box plot of peak area in all HC, LTBI, and ATB samples. * and ° represent significant or insignificant 
differences between the two groups (e).

Table 1. Qualitative evaluation of RF-based LTBI detection model in validation and test sets

Data set (n)

Validation (88)
    LTBI (37) vs. Control (51)
    LTBI (37) vs.. HC (26)
    LTBI (37) vs. ATB (25)
Test (132)
    LTBI (56) vs. Control (76)
    LTBI (56) vs. HC (39)
    LTBI (6) vs. ATB (37) 

      SEN (%)

78.4 (63.4, 93.4)
78.4 (63.4, 93.4)
78.4 (63.4, 93.4)

80.4 (68.7, 92.0)
80.4 (68.7, 92.0)
80.4 (68.7, 92.0)

      PPV (%)

78.4 (67.1, 89.7)
100 (100, 100)
78.4 (62.2, 94.5)

75.0 (65.0, 85.0)
97.8 (93.7, 100)
76.3 (62.0, 90.6)

      SPE (%)

84.3 (74.3, 94.3)
100 (100, 100)
68.0 (49.7, 86.3)

80.3 (71.3, 89.2)
97.4 (92.5, 100)
62.2 (46.5, 77.8)

      NPV (%)

84.3 (72.6, 96.0)
76.5 (61.0, 91.9)
68.0 (53.0, 83.0)

84.7 (75.6, 93.8)
77.6 (65.5, 89.6)
67.6 (55.7, 79.6)

      ACC (%)

81.8 (73.8, 89.9)
87.3 (79.1, 95.5)
74.2 (63.3, 85.1)

80.3 (73.5, 87.1)
87.4 (80.7, 94.0)
73.1 (64.1, 82.1)

      AUC

0.913 (0.854, 0.972)
0.975 (0.937, 1.000)
0.848 (0.758, 0.937)

0.867 (0.809, 0.925)
0.952 (0.909, 0.995)
0.777 (0.692, 0.861)
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ions with m/z of 105 should be the combination ion of 
H3O

+ and butanal, 3-methyl-. The VOC ion with m/z of 
93 would be pyridine, 3-methyl- or the protonated ion 
of toluene. Among these related chemicals, octanoic 
acid (m/z = 144), 2-ethyl-1-hexanol (m/z = 130), and 
toluene (m/z = 92) were proven related to pulmonary 
tuberculosis (PTB) (17). 1,4-Dimethyl-indol (m/z = 
145), naphthalene (m/z = 128), and 1-methyl-4-(1-
methyl ethyl)- (m/z = 134) were reported as the VOC 
biomarkers of PTB via gas chromatography-mass 
spectrometer (GC-MS) detection in Machel Phillips's 
study (18). Their chemical would be closely related 
to the metabolites of M.tb or the metabolic changes 
accused by M.tb. However, these chemicals are not 
completely confirmed, and their metabolic mechanism 
is poorly understood. 
 Our study had several strengths. All breath samples 
of ATB subjects were taken before anti-tuberculosis 
treatment so that drugs did not influence our results. For 
ATB, we used GeneXpert as a complementary diagnostic 
test to verify a true-negative result in subjects found to 
be negative with a sputum test (19). Healthy subjects 
were sampled in the same site as LTBI and ATB subjects, 
which raised no concerns regarding possible geographical 
bias affecting the results. Since there is no gold standard 
for LTBI, choosing IGRA as the diagnostic test may 
miss LTBI people with undetectable IFN-γ response 
(6). Thus, we confirmed the LTBI and HC groups based 
on the IGRA results and TB exposure. For instance, we 
excluded close contacts with a negative IGRA from the 
LTBI group. On the other hand, the stronger standard 
for LTBI and ATB also limited the applicability and 
extensibility of the developed LTBI detection model. 
Other limitations include: 1) these VOC ions were not 
completed qualitatively identified, although we have 
extrapolated the possible chemicals based on their 
formula weight and published biomarkers; 2) there may 
be selection bias in selecting HC; 3) Participants with 
other respiratory diseases were not enrolled in this study, 
which is meaningful for the method evaluation in related 
application scenarios, but is unfavorable for discovering 
the potential biomarkers for tuberculosis infection. 
We expect to optimize our research and conduct more 
profound studies in LTBI-related VOCs in the future. 
 In summary, this study provided a potential 
noninvasive, simple, and fast method for LTBI diagnosis. 
The preliminary proof-of-concept results indicate that 
a breath test via HPPI-TOFMS may be a valuable tool 
to distinguish LTBI from HC and ATB, which achieved 
an accuracy of 80.3% (95% CI: 73.5%, 87.1%) and 
an AUC of 0.867 (95% CI: 0.809, 0.925). Before the 
clinical application of breath test-based LTBI diagnosis 
technologies, more extensive cohort studies are required.

Acknowledgements

We thank all the physicians and assistants that 

participated in this study and enrolled patients. We thank 
Jun Cheng for assistance in study design from National 
Center for Tuberculosis Control and Prevention of the 
Chinese Center for Disease Control and Prevention.

Funding: This work was supported by the National 
Natural Science Foundation of China (No. 82070016), 
the National Key Research and Development Plan 
(No. 2020YFA0907200, 2019YFC0840602), the 
Guangdong Foundation for Basic and Applied Basic 
Research (No. 2019B1515120041), the Guangdong 
Provincial Clinical Research Center for Tuberculosis 
Project (No. 2020B1111170014), the Shenzhen 
Scientific and Technological Foundation (No. 
KCXFZ202002011007083, JCYJ20180228162112889), 
Summit  Plan for  Foshan High-level  Hospi tal 
Construction (No. FSSYKF-2020001) and Project 
funded by Shenzhen Third People's Hospital (No.
G2022051).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Houben RM, Dodd PJ. The global burden of latent 
tuberculosis infection: A re-estimation using mathematical 
modelling. Plos Med. 2016; 13:e1002152. 

 2. Esmail H, Barry CE, Young DB, Wilkinson RJ. The 
ongoing challenge of latent tuberculosis. Philos Trans R 
Soc Lond B Biol Sci. 2014; 369:20130437. 

 3. Behr MA, Edelstein PH, Ramakrishnan L. Revisiting the 
timetable of tuberculosis. BMJ. 2018; 362:k2738. 

 4. WHO. Latent tuberculosis infection: updated and 
consolidated guidelines for programmatic management. 
Geneva: World Health Organization. 2018. 

 5. Stout JE, Wu Y, Ho CS, Pettit AC, Feng PJ, Katz DJ, 
Ghosh S, Venkatappa T, Luo R. Evaluating latent 
tuberculosis infection diagnostics using latent class 
analysis. Thorax. 2018; 73:1062-1070. 

 6. Heyckendorf J, Georghiou SB, Frahm N, Heinrich N, 
Kontsevaya I, Reimann M, Holtzman D, Imperial M, 
Cirillo DM, Gillespie SH, Ruhwald M. Tuberculosis 
treatment monitoring and outcome measures: New 
interest and new strategies. Clin Microbiol Rev. 2022; 
35:e22721. 

 7. Nakhleh MK, Jeries R, Gharra A, Binder A, Broza YY, 
Pascoe M, Dheda K, Haick H. Detecting active pulmonary 
tuberculosis with a breath test using nanomaterial-based 
sensors. Eur Respir J. 2014; 43:1522-1525.

 8. Ibrahim W, Carr L, Cordell R, Wilde MJ, Salman 
D, Monks PS, Thomas P, Brightling CE, Siddiqui S, 
Greening NJ. Breathomics for the clinician: The use 
of volatile organic compounds in respiratory diseases. 
Thorax. 2021; 76:514-521.

 9. Bruderer T, Gaisl T, Gaugg MT, Nowak N, Streckenbach 
B, Müller S, Moeller A, Kohler M, Zenobi R. On-line 
analysis of exhaled breath. Chem Rev. 2019; 119:10803-
10828.

10. Wang Y, Jiang J, Hua L, Hou K, Xie Y, Chen P, Liu W, 
Li Q, Wang S, Li H. High-pressure photon ionization 



www.biosciencetrends.com

BioScience Trends. 2023; 17(1):73-77.BioScience Trends. 2023; 17(1):73-77. 77

source for TOFMS and its application for online breath 
analysis. Anal Chem. 2016; 88:9047-9055. 

11. Meng S, Li Q, Zhou. Z, Fu L. Assessment of an exhaled 
breath test using high-pressure photon ionization time-
of-flight mass spectrometry to detect lung cancer. JAMA 
Netw Open. 2021; 4:e213486. 

12. Wang P, Huang Q, Meng S, Mu T, Liu Z, He M, Li 
Q, Zhao S, Wang S, Qiu M. Identification of lung 
cancer breath biomarkers based on perioperative 
breathomics testing: A prospective observational study. 
EClinicalMedicine. 2022; 47:101384.

13. Huang Q, Wang S, Li Q, Wang P, Li J, Meng S, Li H, 
Wu H, Qi Y, Li X, Yang Y, Zhao S, Qiu M. Assessment 
of breathomics testing using high-pressure photon 
ionization time-of-flight mass spectrometry to detect 
esophageal cancer. JAMA Netw Open. 2021; 4:e2127042. 

14. Zhang P, Ren T, Chen H, Li Q, He M, Feng Y, Wang 
L, Huang T, Yuan J, Deng G, Lu H. A feasibility 
study of Covid-19 detection using breath analysis by 
high-pressure photon ionization time-of-flight mass 
spectrometry. J Breath Res. 2022; 16. doi: 10.1088/1752-
7163/ac8ea1. 

15. Breiman L. Random forests. Mach Learn. 2001; 45:5-32. 
16. Kuo TC, Tan CE, Wang SY, Lin OA, Su BH, Hsu MT, Lin 

J, Cheng YY, Chen CS, Yang YC, Chen KH, Lin SW, Ho 
CC, Kuo CH, Tseng YJ. Human breathomics database. 
Database (Oxford). 2020; 2020:baz139. 

17. Vishinkin R, Busool R, Mansour E, Fish F, Esmail A, 
Kumar P, Gharaa A, Cancilla JC, Torrecilla JS, Skenders G, 
Leja M, Dheda K, Singh S, Haick H. Profiles of volatile 
biomarkers detect tuberculosis from skin. Adv Sci. 2021; 

8:e2100235. 
18. Phillips M, Cataneo RN, Condos R, Ring EG, Greenberg 

J, La Bombardi V, Munawar MI, Tietje O. Volatile 
biomarkers of pulmonary tuberculosis in the breath. 
Tuberculosis (Edinb). 2007; 87:44-52.

19. Theron G, Peter J, Meldau R, Khalfey H, Gina P, 
Matinyena B, Lenders L, Calligaro G, Allwood B, 
Symons G, Govender U, Setshedi M, Dheda K. Accuracy 
and impact of Xpert MTB/RIF for the diagnosis of 
smear-negative or sputum-scarce tuberculosis using 
bronchoalveolar lavage fluid. Thorax. 2013; 68:1043-
1051.

Received November 14, 2022; Revised December 6, 2022; 
Accepted December 25, 2022.

§These authors contributed equally to this work. 
*Address correspondence to:
Peize Zhang and Guofang Deng, Division Two of Pulmonary 
Diseases Department, The Third People's Hospital of 
Shenzhen, National clinical research center for infectious 
disease, Southern University of Science and Technology, 
Shenzhen 518112, Guangdong, China.
E-mail: 82880246@qq.com (PZ); jxxk1035@yeah.net (GD)

Haibin Chen, Breax Laboratory, PCAB Research Center of 
Breath and Metabolism Beijing, 100074, China. 
E-mail: haibinc@hotmail.com (HC)

Released online in J-STAGE as advance publication January 2, 
2023.



www.biosciencetrends.com

BioScience Trends. 2023; 17(1):78-80.BioScience Trends. 2023; 17(1):78-80. 78

Different clinical guidelines, common goal: To reduce COVID-19 
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The coronavirus disease 2019 (Covid-19) pandemic 
was a global public health emergency and it remains a 
public health and economic burden. Over the past three 
years, many countries have adopted various strategies 
to respond to the global pandemic. Most countries have 
shifted their public health strategies from a strict infection 
prevention and control strategy (IPC) to a loose IPC 
strategy. From the perspective of clinical management, 
physicians treated the viral infection as a common 
respiratory infectious disease thanks to widespread 
vaccination, the Omicron strain being less virulent, 
and the accumulation of more clinical experience with 
treatment. The case fatality rate (CFR) has dropped to 
less than 0.1% since June 2022 among the countries with 
the highest number of new confirmed cases over the 
past year (e.g., the United States of America (US), India, 
France, Germany, Brazil, South Korea, Japan, Italy and 
the United Kingdom (UK)). (1). The vaccine's efficiency 
and effectiveness, especially in terms of preventing 
severe disease, was widely confirmed. As of December 
2022, the vaccination rates (two or more doses of 
vaccine per 100 people) for the aforementioned countries 
had reached 67.09-86.27% (1). All of these countries 
formulated COVID-19 treatment guidelines and updated 

them according to the latest evidence (2-9). Summarized 
here are differences in these updated treatment guidelines 
from the World Health Organization (WHO) and 6 
countries, including the USA, India, Germany, Japan, the 
UK, and China, in detail. However, treatment guidelines 
from France, Brazil, South Korea, and Italy were not 
included because their latest version was updated before 
the outbreak of omicron.
 Patients with COVID-19 can experience a range of 
clinical manifestations, from no symptoms to critical 
illness. COVID-19 staging provides valuable frameworks 
and benchmarks for clinical decision-making in patient 
management, improved prognostication, and evidence-
based treatment selection. Most countries have classified 
clinical stages of COVID-19 with clear criteria for each 
stage (Table 1, Table S1, http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=132). 
Guidelines from these countries (e.g., the USA (5)) have 
detailed clinical staging for COVID-19 that includes 
asymptomatic infection and mild, moderate, severe, and 
critical illness. In specific terms, the staging criteria are 
mostly based on whether the patients have symptoms, 
or evidence of hypoxemia (shortness of breath, high 
respiratory rate, or low SpO2), or whether they need 
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SUMMARY

Keywords Covid-19, SARS-COV-2, guidelines, emerging infectious disease, public health

The tendency of the Omicron variant to rapidly became the dominant SARS-CoV-2 strain and its 
weaker virulence than other strains worldwide has prompted many countries to adjust their public 
health strategies. This work summarizes all appropriate clinical interventions to reduce the public 
health burden caused by COVID-19 according to guidelines from the World Health Organization 
and 10 countries, i.e., the United States of America (USA), India, France, Germany, Brazil, South 
Korea, Japan, Italy, the United Kingdom (UK), and China. Five stages of COVID-19 were identified: 
asymptomatic infection and mild, moderate, severe, and critical illness. Most guidelines recommend 
antivirals starting with mild cases for those from Germany and India. Since more drugs are being 
developed and are becoming available to COVID-19 patients, guidelines are increasingly being 
updated with new pharmacological intervention strategies. Thus, a global view needs to be adopted to 
provide helpful options and precise treatment strategies during the lasting fight against the COVID-19 
pandemic.

Comment

https://www.biosciencetrends.com/supplementaldata/132


www.biosciencetrends.com

BioScience Trends. 2023; 17(1):78-80.BioScience Trends. 2023; 17(1):78-80.

organ support. The stage of COVID-19 also determines 
whether the patients should be isolated at home, 
hospitalized, or even admitted to the ICU.
 The first stage of COVID-19 is the rapid period of 
viral replication, in which tissue and organ damage and 
abnormal immune activation are not obvious and do 
not need to be dealt with first. Early use of antivirals 
to inhibit viral replication as soon as possible should 
significantly reduce the damage to cells and tissues 
caused by viral replication, which is a key point of 
treatment. Small molecule drugs and monoclonal 
neutralizing antibodies are two types of drugs with 
antiviral action. Antiviral therapy is recommended for 

patients with COVID-19 according to the guidelines in 
most countries, but the recommended drugs and clinical 
stages vary by countries. Notably, only guidelines 
from the WHO (8), Japan (4), the UK (3), and the USA 
(5) recommended nirmatrelvir/ritonavir, remdesivir, 
and molnupiravir for mild cases. Several neutralizing 
monoclonal antibodies were recommended in the early 
guidelines from the USA (5) and Japan (4). However, 
the effectiveness of these antibodies decreased as new 
variants emerged, so these monoclonal antibodies 
were not recommended by most guidelines. Similarly, 
convalescent plasma is no longer mentioned or 
recommended in these guidelines. 
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Table 1. Classification for COVID-19 from several countries and organizations

Country

Japan

India

WHO

USA

UK

Germany

China

                                                                             Criterion

• SpQ2 ≥ 96%, no respiratory symptoms

• 93% < SpQ2 < 96%, shortness of breath, symptoms of pneumonia

• SpQ2 ≤ 93%, need for oxygen

• Need for mechanical ventilation

• No shortness of breath or hypoxia

• Any of the following: 1. Respiratory rate ≥ 24/min, breathlessness; 2.SpO2: 90% to ≤ 93% on room air

• Any of the following: 1.Respiratory rate > 30/min, breathlessness; 2.SpO2 < 90% on room air

• Absence of signs or severe or critical disease

• SpO2 < 90% on room air, signs of pneumonia, signs of severe respiratory distress

• Requires life-sustaining treatment, acute respiratory distress syndrome, sepsis, septic shock

• No symptoms that are consistent with COVID-19

• Symptomatic but do not have shortness of breath, dyspnea, or abnormal chest imaging

• Having evidence of lower respiratory disease and SpO2 ≥ 94% on room air at sea level

• Individuals who have SpO2 < 94% on room air at sea level, PaO2/FiO2 < 300 mm Hg, a respiratory rate > 30 
   breaths/min, or lung infiltrates > 50%

• Respiratory failure, septic shock, and/or multiple organ dysfunction

• Absence of signs or severe or critical disease

• SpO2 < 90% on room air, signs of pneumonia, signs of severe respiratory distress

• Defined by the criteria for acute respiratory distress syndrome (ARDS), sepsis, septic shock, or other 
   conditions that would normally require the provision of life-sustaining therapies such as mechanical 
   ventilation (invasive or non-invasive) or vasopressor therapy

• COVID-19-positive patients who did not require oxygen during hospitalization (WHO stages 1-3)

• SpO2 < 90%, respiratory rate > 30/min, ARDS, sepsis, ventilation, vasopressor administration

• < 72 hours after the first positive PCR result and/or < 7 days after the onset of symptoms

• Symptomatic but without shortness of breath, dyspnea, or abnormal chest imaging

• Persistent high fever > 3 days or/and cough, shortness of breath, but respiratory rate (RR) < 30 times/min and at
   rest, oxygen saturation obtained from the finger was > 93% on room air at sea level, and imaging showed 
   characteristic manifestations of novel coronavirus pneumonia

• Individuals who have SpO2 ≤  93% on room air at sea level, PaO2/FiO2 ≤ 300 mmHg, a respiratory rate ≥ 30 
   breaths/min, the clinical symptoms worsened progressively, and lung imaging showed that the lesion progressed 
   significantly > 50% within 24-48 hours

• Respiratory failure requiring mechanical ventilation, septic shock, and/or multiple organ dysfunction requires 
   ICU care

     Type

Mild

Moderate 1

Moderate 2

Severe

Mild

Moderate

Severe

Non-severe

Severe

Critical

Asymptomatic 
or presymptomatic 
infection

Mild illness

Moderate illness

Severe illness

Critical illness

Non-severe

Severe

Critical

Mild

Severe/Critical

Early stage 

Mild illness

Moderate illness

Severe illness

Critical illness

                                                       Clinical characters
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 For patients with hypoxemia, all of the guidelines 
recommend oxygen therapy, which also includes 
HFNC, noninvasive ventilation, machine ventilation, 
and ECMO. Prone position ventilation, including awake 
prone position ventilation, is now incorporated in several 
guidelines. Anticoagulants are also highly recommended 
by several guidelines as mounting evidence has indicated 
that they reduce the need for organ support and the 
progression to intubation and death.
 During the later stage of COVID-19, the secondary 
immune damage becomes a major factor even though 
viral replication is almost undetectable. Therefore, 
immunomodulators, including glucocorticoids, IL-6R 
inhibitors, and JAK inhibitors, are supposed to prevent 
an excessive inflammatory response. All of these drugs 
are recommended to treat severe or critical ill patients 
while glucocorticoids and baricitinib can also be used 
to treat moderate COVID-19.
 In summary, the guidelines in various countries 
have small differences in their classification of 
COVID-19 severity. However, the treatment principles 
of COVID-19 are basically the same, while the 
medicines vary according to the availability of drugs 
in each country. As more drugs become available and 
research results are published, the latest guidelines may 
include more drugs as options or they may feature more 
precise treatment than previous versions. 
 Although the CFR is declining, the impact of 
COVID-19 on the healthcare system cannot be ignored. 
With the emergence of new sub-lineages of omicron, 
clinicians need to pay more attention to potential 
disease manifestations and whether there are new 
high-risk groups. An important aspect of treatment 
is closely monitoring the antiviral action of existing 
and upcoming antivirals and neutralizing antibodies 
against new sub-lineages. Patients who may benefit 
from immunomodulators need to be identified and the 
duration of treatment needs to be determined more 
accurately. At the same time, clinicians need more 
information and guidance on managing the long-term 
effects of COVID-19.
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To the Editor,
 Over the past three years, severe acute respiratory 
syndrome coronavirus 2 (SARS‑CoV‑2), the cause of 
coronavirus disease 2019 (COVID‑19), has infected 
more than 650 million, around 1/12 of the planet's 
population, and its variants are still evolving. Although 
the emerging variants, such as Omicron, have been 
found to cause less severe disease, they are much 
more infectious than the previous variants (1) and they 
continue to cause uncertainty worldwide. The shifting 
of public health policies in countries such as China and 
the newly acquired characteristics of SARS‑CoV‑2 
variants require more timely, sensitive, and less clinically 
intensive testing strategies. Self‑sampling and self‑
testing are two promising solutions. Antibody‑based self‑
testing is easy to use, but it has relatively low sensitivity, 
especially for the dominant asymptomatic individual 
(2). Theoretically, sensitivity could be enhanced with 
SARS‑CoV‑2 nucleic acid self‑testing, but large‑scale 
population‑based studies are needed to indicate its 
robustness. Moreover, such tests are not readily available 
in many countries and are relatively more expensive than 
other tests. Self‑sampling coupled with a quantitative 
reverse transcription PCR (RT‑qPCR) test represents a 
feasible and easily implemented approach at the current 
point in time. 
 A suitable method of self‑sampling should comply 
with the following five criteria: 1) easily accessible/
acquired by the public; 2) low dependency on medical 

resources; 3) user‑friendly for most populations; 4) 
easy to standardize, thus ensuring the consistency 
of test results; and 5) compatible with downstream 
testing (Table 1). Saliva and gargle samples are 
emerging for detection of SARS‑CoV‑2 (3-5). 
Compared to conventional oropharyngeal swabs (OPS) 
and nasopharyngeal swabs (NPS), both saliva and 
gargle samples, which can be self‑collected, avoid 
discomfort and largely reduce the dependency on 
medical resources. However, Landry et al. reported 
that pure saliva had a relatively low sensitivity 
(85.7%) in detecting SARS‑CoV‑2 (5), suggesting its 
unsuitability for high‑volume testing and the need to 
optimize saliva collection and processing. Moreover, 
a study involving 108 patients with COVID‑19 found 
that 46.3% experienced dry mouth (6), which in turn 
affects saliva production. Ease of standardization and 
sample accessibility are marked advantages of gargling 
samples over saliva. Recently, Qiao et al indicated 
that the saline gargle (SG) sample is also capable of 
detecting the currently dominant Omicron variants in 
both asymptomatic and symptomatic groups (4).
 Currently, OPS and NPS are stored in 2‑6 mL of 
virus preservation solution, and only 200 μL of sample 
is used for RNA extraction. In the aforementioned study, 
Qiao et al. also used 200 μL of saline gargle as the 
starting material for RNA purification and downstream 
detection of SARS‑CoV‑2 (4). All of these methods 
discard most of the materials. The incomplete usage of a 
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SUMMARY
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A self‑collected gargle sample, which avoids discomfort and largely reduces the dependency on 
medical resources, is emerging for detection of SARS‑CoV‑2. However, the incomplete usage of 
starting materials for both routine oropharyngeal swabs (OPS)/nasopharyngeal swabs (NPS) and 
saline gargle (SG) samples implies sensitivity can be further improved. Presented here is a bead‑
based strategy for pre‑enrichment of SG samples, and results revealed that it acquired about 20 times 
the starting materials obtained from OPS samples for downstream detection of SARS‑CoV‑2. The 
sensitivity and specificity of this pre‑enrichment strategy were validated in 100 paired pre‑enriched 
saline gargle (PenSG) and OPS samples and 89 PenSG samples from healthy volunteers. In addition 
to detection of SARS‑CoV‑2, this pre‑enrichment strategy may also be implemented in more clinical 
settings to optimize detection of other diseases.
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sample implies that the sensitivity of current methods can 
be further improved. To fully utilize all of a sample and 
to improve the sensitivity to the utmost extent, we pre‑
enriched SG samples with specialized beads that were 
conjugated to Concanavalin A (ConA) and able to bind 
to cells. Then, we use a magnetic stand to concentrate the 
beads and aspirate the supernatant of the saline gargle. 
Finally, a lysis buffer was directly added to the bead‑
bound system and the mixture was then subjected to 
routine RT‑qPCR (Figure 1A). 
 To test the performance of this bead‑based pre‑
enriched saline gargle (PenSG) in clinical settings, 100 
paired PenSG and OPS samples were collected from 50 
hospitalized patients with COVID‑19 who were infected 
with the currently predominant SARS‑CoV‑2 Omicron 
variant (in different courses) in the Third People's 
Hospital of Shenzhen (June to July 2022). An additional 
89 PenSG samples were collected from 89 healthy 
volunteers. This study strictly conforms to the provisions 

of the Declaration of Helsinki of the World Medical 
Association (2000) and was approved by the ethics 
committee of the Third People's Hospital of Shenzhen 
(no.2022‑116‑03). Detailed procedures and the clinical 
design can be found in the Supplementary Materials. All 
paired testing results are available in Table S1 (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=131).
 First, the internal control (IC) for each paired sample 
was compared. It revealed that the cycle threshold (Ct) 
values for each PenSG were significantly lower than 
those for the OPS, with a mean differential Ct of 4.3 
(20.95 vs. 25.24, Figure 1B), suggesting that PenSG 
could acquire about 20 (2^4.3) times the starting 
materials for downstream testing. Importantly, PenSG‑
based testing was able to detect all 5 patients who tested 
positive for both genes by the current routine strategy 
(OPS coupled with RT‑qPCR). Most PenSG samples 
(3/5) had lower Ct values than OPS (Figure 1C), further 
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Figure 1. Using a pre-enriched saline gargle (PenSG) to detect SARS-CoV-2. (A) The steps in PenSG‑based detection of SARS‑CoV‑2. (B) Ct 
values for the internal control in paired PenSG and OPS samples; (C) Ct values for the Orf1ab and N genes in paired PenSG and OPS samples in the 
group positive for both genes; (D) The overall performance of PenSG and OPS. 89* means the healthy volunteers tested negative but not at the same 
time with PenSG. HP, hospitalized patients; HV, healthy volunteers; d‑pos, double‑gene‑positive; s‑pos, single‑gene‑positive. In (B), a paired t‑test 
was conducted with GraphPad Prism 9; ****, p‑value < 0.0001.

Table 1. The five basic principles of sampling to detect SARS-CoV-2

Strategy

Type of sample

Accessibility
Dependency
User‑friendly
Standardized
Compatibility

                  Self‑sampling

   Gargle

Very easy
     No
    Yes
   Easy
    Yes

           Non‑self‑sampling

Oropharyngeal swab           Nasopharyngeal swab

Difficult for individuals who are sensitive to sampling
           High         High
Causes slight discomfort        Cause moderate discomfort
Depends on the skills and experience of medical personnel
             Yes           Yes

                        Saliva

Limited in some situations, such as a dry mouth (6)
                        Low
                        Yes
                        Hard
                        Yes
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RT‑qPCR kits. Fortunately, both the beads and lysis 
buffer are commercially available. In the near future, we 
are expanding the usage of PenSG to the detection of 
other viruses that infect the URT, such as the influenza 
virus and adenoviruses (8), and we will deploy this 
strategy of pre‑enrichment in more settings, particularly 
for the detection of various diseases based on bodily 
fluids such as blood, urine, and even bronchoalveolar 
lavage fluid and vaginal secretions, in order to benefit a 
wider population.
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corroborating PenSG's superior sensitivity over OPS. 
Interestingly, PenSG detected 40 negatives among 44 
cases detected negative for both genes by using OPS; 
the other 2 samples tested positive for a single gene 
and 2 samples tested positive for both genes. Since 
these samples came from hospitalized patients with 
COVID‑19, special attention should be paid to these 
"false positives" and PenSG may help to improve the 
sensitivity of OPS to avoid potential "false negatives", 
thus establishing more strict decontamination criteria. 
Eighty‑nine PenSG samples from healthy volunteers 
were used to further examine the specificity of PenSG, 
and all of the them were tested negative, further 
corroborating the specificity of PenSG. Taken together, 
these results validated the ability of PenSG to detect 
SARS‑CoV‑2 (Figure 1D).
 SARS‑CoV‑2 enters the human body through the 
upper respiratory tract (URT); its viral load is associated 
with the risk of transmission, duration of infectiousness, 
disease severity, and mortality (7). PenSG, which is virus 
characteristic‑based sampling, has all of the advantages 
of saline gargling but it also greatly enhances sensitivity 
by utilizing the whole sample, making it a robust 
alternative for detection of SARS‑CoV‑2. A limitation 
of the current study is mainly the relatively small sample 
size, precluding accurate assessment of the sensitivity 
and specificity of PenSG. However, this novel strategy 
revealed a long‑neglected aspect of detecting SARS‑
CoV‑2.
 The biggest difference between the PenSG strategy 
and that used in the study by Qiao et al. is that PenSG 
utilized all 8 mL of the collected saline gargle to 
yield 200 uL of a nucleic acid solution without RNA 
purification, while the method used by Qiao et al. 
only used 200 uL from 8 mL of the collected saline 
gargle for RNA purification to yield 50 uL of nucleic 
acid eluate (according to the product manual) (4). 
The study by Qiao et al. revealed the advantage of 
SG over OPS as evinced by lower Ct values in the 
asymptomatic subgroup. However, PenSG can acquire 
about 20 times the materials as an OPS sample from 
all patients (regardless of symptoms and courses), 
suggesting that the unique PenSG strategy itself could 
further enhance sensitivity in addition to its advantage 
in terms of the type of sample. What makes PenSG 
stands out over previous approaches using a saline 
gargle and conventional OPS are that 1) PenSG  can 
obtain more materials for downstream detection, thus 
further enhancing sensitivity; and 2) it avoids the 
RNA purification step, making this strategy especially 
suitable for in vitro diagnostics (IVDs).
 A point worth noting is that the successful 
implementation of PenSG is based on these essential 
details: 1) the saline gargle can be standardized; 2) the 
efficiency of customized beads; 3) the lysis buffer, which 
is directly added to the beads without additional nucleic 
acid extraction steps, must be compatible with routine 
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1. Scope of Articles
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is an international peer-reviewed journal. BioScience Trends devotes to 
publishing the latest and most exciting advances in scientific research. 
Articles cover fields of life science such as biochemistry, molecular 
biology, clinical research, public health, medical care system, and 
social science in order to encourage cooperation and exchange among 
scientists and clinical researchers.

2. Submission Types

Original Articles should be well-documented, novel, and significant 
to the field as a whole. An Original Article should be arranged into the 
following sections: Title page, Abstract, Introduction, Materials and 
Methods, Results, Discussion, Acknowledgments, and References. 
Original articles should not exceed 5,000 words in length (excluding 
references) and should be limited to a maximum of 50 references. 
Articles may contain a maximum of 10 figures and/or tables. 
Supplementary Data are permitted but should be limited to information 
that is not essential to the general understanding of the research 
presented in the main text, such as unaltered blots and source data as 
well as other file types.

Brief Reports definitively documenting either experimental results 
or informative clinical observations will be considered for publication 
in this category. Brief Reports are not intended for publication of 
incomplete or preliminary findings. Brief Reports should not exceed 
3,000 words in length (excluding references) and should be limited to a 
maximum of 4 figures and/or tables and 30 references. A Brief Report 
contains the same sections as an Original Article, but the Results and 
Discussion sections should be combined.

Reviews should present a full and up-to-date account of recent 
developments within an area of research. Normally, reviews should 
not exceed 8,000 words in length (excluding references) and should be 
limited to a maximum of 10 figures and/or tables and 100 references. 
Mini reviews are also accepted, which should not exceed 4,000 words 
in length (excluding references) and should be limited to a maximum 
of 5 figures and/or tables and 50 references.

Policy Forum articles discuss research and policy issues in areas 
related to life science such as public health, the medical care system, 
and social science and may address governmental issues at district, 
national, and international levels of discourse. Policy Forum articles 
should not exceed 3,000 words in length (excluding references) and 
should be limited to a maximum of 5 figures and/or tables and 30 
references.

Communications are short, timely pieces that spotlight new research 
findings or policy issues of interest to the field of global health and 
medical practice that are of immediate importance. Depending on 
their content, Communications will be published as "Comments" or 
"Correspondence". Communications should not exceed 1,500 words in 
length (excluding references) and should be limited to a maximum of 2 
figures and/or tables and 20 references.

Editorials are short, invited opinion pieces that discuss an issue of 
immediate importance to the fields of global health, medical practice, 
and basic science oriented for clinical application. Editorials should 
not exceed 1,000 words in length (excluding references) and should 
be limited to a maximum of 10 references. Editorials may contain one 
figure or table.

News articles should report the latest events in health sciences and 
medical research from around the world. News should not exceed 500 
words in length.

Letters should present considered opinions in response to articles 
published in BioScience Trends in the last 6 months or issues of general 
interest. Letters should not exceed 800 words in length and may contain 
a maximum of 10 references. Letters may contain one figure or table.

3. Editorial Policies

For publishing and ethical standards, BioScience Trends follows the 
Recommendations for the Conduct, Reporting, Editing, and Publication 
of Scholarly Work in Medical Journals issued by the International 
Committee of Medical Journal Editors (ICMJE, https://icmje.org/
recommendations), and the Principles of Transparency and Best 
Practice in Scholarly Publishing jointly issued by the Committee on 
Publication Ethics (COPE, https://publicationethics.org/resources/
guidelines-new/principles-transparency-and-best-practice-scholarly-
publishing), the Directory of Open Access Journals (DOAJ, https://
doaj.org/apply/transparency), the Open Access Scholarly Publishers 
Association (OASPA, https://oaspa.org/principles-of-transparency-
and-best-practice-in-scholarly-publishing-4), and the World 
Association of Medical Editors (WAME, https://wame.org/principles-
of-transparency-and-best-practice-in-scholarly-publishing).
 BioScience Trends will perform an especially prompt review to 
encourage innovative work. All original research will be subjected to 
a rigorous standard of peer review and will be edited by experienced 
copy editors to the highest standards.

Ethical Approval of Studies and Informed Consent: For all 
manuscripts reporting data from studies involving human participants 
or animals, formal review and approval, or formal review and waiver, 
by an appropriate institutional review board or ethics committee is 
required and should be described in the Methods section. When your 
manuscript contains any case details, personal information and/or 
images of patients or other individuals, authors must obtain appropriate 
written consent, permission and release in order to comply with all 
applicable laws and regulations concerning privacy and/or security 
of personal information. The consent form needs to comply with the 
relevant legal requirements of your particular jurisdiction, and please 
do not send signed consent form to BioScience Trends to respect your 
patient's and any other individual's privacy. Please instead describe the 
information clearly in the Methods (patient consent) section of your 
manuscript while retaining copies of the signed forms in the event they 
should be needed. Authors should also state that the study conformed 
to the provisions of the Declaration of Helsinki (as revised in 2013, 
https://wma.net/what-we-do/medical-ethics/declaration-of-helsinki). 
When reporting experiments on animals, authors should indicate 
whether the institutional and national guide for the care and use of 
laboratory animals was followed.

Reporting Clinical Trials: The ICMJE (https:// icmje.org/
recommendations/browse/publishing-and-editorial-issues/clinical-
trial-registration.html) defines a clinical trial as any research 
project that prospectively assigns people or a group of people to 
an intervention, with or without concurrent comparison or control 
groups, to study the relationship between a health-related intervention 
and a health outcome. Registration of clinical trials in a public trial 
registry at or before the time of first patient enrollment is a condition 
of consideration for publication in BioScience Trends, and the trial 
registration number will be published at the end of the Abstract. 
The registry must be independent of for-profit interest and publicly 
accessible. Reports of trials must conform to CONSORT 2010 
guidelines (https://consort-statement.org/consort-2010). Articles 
reporting the results of randomized trials must include the CONSORT 
flow diagram showing the progress of patients throughout the trial.

Conflict of Interest: All authors are required to disclose any actual or 
potential conflict of interest including financial interests or relationships 
with other people or organizations that might raise questions of bias 
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in the work reported. If no conflict of interest exists for each author, 
please state "There is no conflict of interest to disclose".

Submission Declaration: When a manuscript is considered for 
submission to BioScience Trends, the authors should confirm that 1) no 
part of this manuscript is currently under consideration for publication 
elsewhere; 2) this manuscript does not contain the same information 
in whole or in part as manuscripts that have been published, accepted, 
or are under review elsewhere, except in the form of an abstract, a 
letter to the editor, or part of a published lecture or academic thesis; 
3) authorization for publication has been obtained from the authors' 
employer or institution; and 4) all contributing authors have agreed to 
submit this manuscript.

Initial Editorial Check: Immediately after submission, the journal's 
managing editor will perform an initial check of the manuscript. A 
suitable academic editor will be notified of the submission and invited 
to check the manuscript and recommend reviewers. Academic editors 
will check for plagiarism and duplicate publication at this stage. The 
journal has a formal recusal process in place to help manage potential 
conflicts of interest of editors. In the event that an editor has a conflict 
of interest with a submitted manuscript or with the authors, the 
manuscript, review, and editorial decisions are managed by another 
designated editor without a conflict of interest related to the manuscript. 

Peer Review: BioScience Trends operates a single-anonymized review 
process, which means that reviewers know the names of the authors, 
but the authors do not know who reviewed their manuscript. All articles 
are evaluated objectively based on academic content. External peer 
review of research articles is performed by at least two reviewers, and 
sometimes the opinions of more reviewers are sought. Peer reviewers 
are selected based on their expertise and ability to provide quality, 
constructive, and fair reviews. For research manuscripts, the editors may, 
in addition, seek the opinion of a statistical reviewer. Every reviewer is 
expected to evaluate the manuscript in a timely, transparent, and ethical 
manner, following the COPE guidelines (https://publicationethics.
org/files/cope-ethical-guidelines-peer-reviewers-v2_0.pdf). We ask 
authors for sufficient revisions (with a second round of peer review, 
when necessary) before a final decision is made. Consideration for 
publication is based on the article's originality, novelty, and scientific 
soundness, and the appropriateness of its analysis. 

Suggested Reviewers: A list of up to 3 reviewers who are qualified 
to assess the scientific merit of the study is welcomed. Reviewer 
information including names, affiliations, addresses, and e-mail 
should be provided at the same time the manuscript is submitted 
online. Please do not suggest reviewers with known conflicts of 
interest, including participants or anyone with a stake in the proposed 
research; anyone from the same institution; former students, advisors, 
or research collaborators (within the last three years); or close personal 
contacts. Please note that the Editor-in-Chief may accept one or more 
of the proposed reviewers or may request a review by other qualified 
persons.

Language Editing: Manuscripts prepared by authors whose native 
language is not English should have their work proofread by a native 
English speaker before submission. If not, this might delay the 
publication of your manuscript in BioScience Trends.
 The Editing Support Organization can provide English 
proofreading, Japanese-English translation, and Chinese-English 
translation services to authors who want to publish in BioScience 
Trends and need assistance before submitting a manuscript. Authors 
can visit this organization directly at https://www.iacmhr.com/iac-
eso/support.php?lang=en. IAC-ESO was established to facilitate 
manuscript preparation by researchers whose native language is not 
English and to help edit works intended for international academic 
journals.

Copyright and Reuse: Before a manuscript is accepted for 
publication in BioScience Trends, authors will be asked to sign a 
transfer of copyright agreement, which recognizes the common 

interest that both the journal and author(s) have in the protection of 
copyright. We accept that some authors (e.g., government employees 
in some countries) are unable to transfer copyright. A JOURNAL 
PUBLISHING AGREEMENT (JPA) form will be e-mailed to the 
authors by the Editorial Office and must be returned by the authors 
by mail, fax, or as a scan. Only forms with a hand-written signature 
from the corresponding author are accepted. This copyright will ensure 
the widest possible dissemination of information. Please note that the 
manuscript will not proceed to the next step in publication until the JPA 
Form is received. In addition, if excerpts from other copyrighted works 
are included, the author(s) must obtain written permission from the 
copyright owners and credit the source(s) in the article. 

4. Cover Letter

The manuscript must be accompanied by a cover letter prepared by 
the corresponding author on behalf of all authors. The letter should 
indicate the basic findings of the work and their significance. The letter 
should also include a statement affirming that all authors concur with 
the submission and that the material submitted for publication has not 
been published previously or is not under consideration for publication 
elsewhere. The cover letter should be submitted in PDF format. For an 
example of Cover Letter, please visit: https://www.biosciencetrends.
com/downcentre (Download Centre).

5. Submission Checklist

The Submission Checklist should be submitted when submitting 
a manuscript through the Online Submission System. Please visit 
Download Centre (https://www.biosciencetrends.com/downcentre) and 
download the Submission Checklist file. We recommend that authors 
use this checklist when preparing your manuscript to check that all 
the necessary information is included in your article (if applicable), 
especially with regard to Ethics Statements.

6. Manuscript Preparation

Manuscripts are suggested to be prepared in accordance with 
the "Recommendations for the Conduct, Reporting, Editing, and 
Publication of Scholarly Work in Medical Journals", as presented at 
https://www.ICMJE.org.

Manuscripts should be written in clear, grammatically correct English 
and submitted as a Microsoft Word file in a single-column format. 
Manuscripts must be paginated and typed in 12-point Times New 
Roman font with 24-point line spacing. Please do not embed figures 
in the text. Abbreviations should be used as little as possible and 
should be explained at first mention unless the term is a well-known 
abbreviation (e.g. DNA). Single words should not be abbreviated.

Title page: The title page must include 1) the title of the paper (Please 
note the title should be short, informative, and contain the major key 
words); 2) full name(s) and affiliation(s) of the author(s), 3) abbreviated 
names of the author(s), 4) full name, mailing address, telephone/fax 
numbers, and e-mail address of the corresponding author; 5) author 
contribution statements to specify the individual contributions of all 
authors to this manuscript, and 6) conflicts of interest (if you have an 
actual or potential conflict of interest to disclose, it must be included as 
a footnote on the title page of the manuscript; if no conflict of interest 
exists for each author, please state "There is no conflict of interest to 
disclose").

Abstract: The abstract should briefly state the purpose of the study, 
methods, main findings, and conclusions. For articles that are Original 
Articles, Brief Reports, Reviews, or Policy Forum articles, a one-
paragraph abstract consisting of no more than 250 words must be 
included in the manuscript. For Communications, Editorials, News, 
or Letters, a brief summary of main content in 150 words or fewer 
should be included in the manuscript. For articles reporting clinical 
trials, the trial registration number should be stated at the end of the 
Abstract. Abbreviations must be kept to a minimum and non-standard 
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Shalev AY. Post-traumatic stress disorder: Diagnosis, history and life 
course. In: Post-traumatic Stress Disorder, Diagnosis, Management 
and Treatment (Nutt DJ, Davidson JR, Zohar J, eds.). Martin Dunitz, 
London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):

World Health Organization. The World Health Report 2008 – primary 
health care: Now more than ever. http://www.who.int/whr/2008/whr08_
en.pdf (accessed September 23, 2022).

Tables: All tables should be prepared in Microsoft Word or Excel and 
should be arranged at the end of the manuscript after the References 
section. Please note that tables should not in image format. All tables 
should have a concise title and should be numbered consecutively with 
Arabic numerals. If necessary, additional information should be given 
below the table.

Figure Legend: The figure legend should be typed on a separate 
page of the main manuscript and should include a short title and 
explanation. The legend should be concise but comprehensive and 
should be understood without referring to the text. Symbols used 
in figures must be explained. Any individually labeled figure parts 
or panels (A, B, etc.) should be specifically described by part name 
within the legend.

Figure Preparation: All figures should be clear and cited in numerical 
order in the text. Figures must fit a one- or two-column format on the 
journal page: 8.3 cm (3.3 in.) wide for a single column, 17.3 cm (6.8 
in.) wide for a double column; maximum height: 24.0 cm (9.5 in.). 
Please make sure that the symbols and numbers appeared in the figures 
should be clear. Please make sure that artwork files are in an acceptable 
format (TIFF or JPEG) at minimum resolution (600 dpi for illustrations, 
graphs, and annotated artwork, and 300 dpi for micrographs and 
photographs). Please provide all figures as separate files. Please note 
that low-resolution images are one of the leading causes of article 
resubmission and schedule delays.

Units and Symbols: Units and symbols conforming to the International 
System of Units (SI) should be used for physicochemical quantities. 
Solidus notation (e.g. mg/kg, mg/mL, mol/mm2/min) should be used. 
Please refer to the SI Guide www.bipm.org/en/si/ for standard units.

Supplemental data: Supplemental data might be useful for supporting 
and enhancing your scientific research and BioScience Trends accepts 
the submission of these materials which will be only published online 
alongside the electronic version of your article. Supplemental files 
(figures, tables, and other text materials) should be prepared according 
to the above guidelines, numbered in Arabic numerals (e.g., Figure 
S1, Figure S2, and Table S1, Table S2) and referred to in the text. All 
figures and tables should have titles and legends. All figure legends, 
tables and supplemental text materials should be placed at the end of 
the paper. Please note all of these supplemental data should be provided 
at the time of initial submission and note that the editors reserve the 
right to limit the size and length of Supplemental Data.

5. Submission Checklist

The Submission Checklist will be useful during the final checking of a 
manuscript prior to sending it to BioScience Trends for review. Please 
visit Download Centre and download the Submission Checklist file.

6. Online Submission

Manuscripts should be submitted to BioScience Trends online at 
https://www.biosciencetrends.com/login. Receipt of your manuscripts 
submitted online will be acknowledged by an e-mail from Editorial 
Office containing a reference number, which should be used in all 
future communications. If for any reason you are unable to submit a 
file online, please contact the Editorial Office by e-mail at office@
biosciencetrends.com

abbreviations explained in brackets at first mention. References should 
be avoided in the abstract. Three to six key words or phrases that do not 
occur in the title should be included in the Abstract page.

Introduction: The introduction should provide sufficient background 
information to make the article intelligible to readers in other 
disciplines and sufficient context clarifying the significance of the 
experimental findings

Materials/Patients and Methods: The description should be brief but 
with sufficient detail to enable others to reproduce the experiments. 
Procedures that have been published previously should not be described 
in detail but appropriate references should simply be cited. Only new 
and significant modifications of previously published procedures 
require complete description. Names of products and manufacturers 
with their locations (city and state/country) should be given and sources 
of animals and cell lines should always be indicated. All clinical 
investigations must have been conducted in accordance Materials/
Patients and Methods.

Results: The description of the experimental results should be succinct 
but in sufficient detail to allow the experiments to be analyzed and 
interpreted by an independent reader. If necessary, subheadings may 
be used for an orderly presentation. All Figures and Tables should be 
referred to in the text in order, including those in the Supplementary 
Data. 

Discussion: The data should be interpreted concisely without repeating 
material already presented in the Results section. Speculation is 
permissible, but it must be well-founded, and discussion of the wider 
implications of the findings is encouraged. Conclusions derived from 
the study should be included in this section.

Acknowledgments: All funding sources (including grant identification) 
should be credited in the Acknowledgments section. Authors should 
also describe the role of the study sponsor(s), if any, in study design; 
in the collection, analysis, and interpretation of data; in the writing of 
the report; and in the decision to submit the paper for publication. If the 
funding source had no such involvement, the authors should so state.
 In addition, people who contributed to the work but who do 
not meet the criteria for authors should be listed along with their 
contributions.

References: References should be numbered in the order in which 
they appear in the text. Citing of unpublished results, personal 
communications, conference abstracts, and theses in the reference 
list is not recommended but these sources may be mentioned in the 
text. In the reference list, cite the names of all authors when there are 
fifteen or fewer authors; if there are sixteen or more authors, list the 
first three followed by et al. Names of journals should be abbreviated 
in the style used in PubMed. Authors are responsible for the accuracy 
of the references. The EndNote Style of BioScience Trends could 
be downloaded at EndNote (https://ircabssagroup.com/examples/
BioScience_Trends.ens).

Examples are given below:

Example 1 (Sample journal reference):

Inagaki Y, Tang W, Zhang L, Du GH, Xu WF, Kokudo N. Novel 
aminopeptidase N (APN/CD13) inhibitor 24F can suppress invasion of 
hepatocellular carcinoma cells as well as angiogenesis. Biosci Trends. 
2010; 4:56-60.

Example 2 (Sample journal reference with more than 15 authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of lung 
cancer: Collaborative analysis of individual data from 13 European 
case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):
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8. Accepted Manuscripts

Page Charge: Page charges will be levied on all manuscripts accepted 
for publication in BioScience Trends (Original Articles / Brief Reports 
/ Reviews / Policy Forum / Communications: $140 per page for black 
white pages, $340 per page for color pages; News / Letters: a total cost 
of $600). Under exceptional circumstances, the author(s) may apply to 
the editorial office for a waiver of the publication charges by stating the 
reason in the Cover Letter when the manuscript online.

Misconduct: BioScience Trends takes seriously all allegations of 
potential misconduct and adhere to the ICMJE Guideline (https://icmje.
org/recommendations) and COPE Guideline (https://publicationethics.
org/files/Code_of_conduct_for_journal_editors.pdf). In cases of 

suspected research or publication misconduct, it may be necessary for 
the Editor or Publisher to contact and share submission details with 
third parties including authors' institutions and ethics committees. The 
corrections, retractions, or editorial expressions of concern will be 
performed in line with above guidelines.
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