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Summary: In recent years, the impact of new major infectious diseases on people’s normal life 
is becoming more and more frequent, which has brought great impact on people’s life safety and 
social economy, especially the corona virus disease 2019, which has been sweeping the globe. 
Public health and disease prevention and control systems in different countries have different 
performances in response to the pandemic, but they all have exposed many shortcomings. Countries 
around the world urgently need to improve the monitoring, early warning and emergency response 
systems for new major infectious diseases. As the outpost and main part of medical rescue, the 
hospital urgently needs to establish a set of scientifically advanced emergency response mechanism 
that is suitable for the business process of the medical system and unified standards in order to 
improve the response efficiency and quality of emergency treatment.   
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Infectious diseases have always been accompanied 
by the development of human beings. Although 
with the support of the continuous improvement of 
economic level and medical technology, human beings 
have preliminarily realized the prevention and control 
of infectious diseases[1], due to the rapid increase and 
flow of global population, excessive urbanization, 
environmental degradation and abuse of antibiotics and 
other reasons, not only some major infectious diseases 
are resurgent, but also new major infectious diseases 
are emerging[2].

The new major infectious diseases, including 
severe acute respiratory syndrome (SARS) in 2003[3–5], 
Middle East respiratory syndrome (MERS) in 2012[6–8],
and corona virus disease 2019 (COVID-19) which 
broke out and quickly spread to the world since 2019[9–13],
are susceptible to human beings because of their 
complex pathogen types, different transmission routes, 
wide spread range and fast speed, which pose a serious 
threat to people’s health and life and cause huge losses 
to the social economy[14, 15].

Although great progress has been made in the 
construction of China’s public health and disease 
prevention and control system, the outbreak of 
COVID-19 still exposes the shortcomings of 
China’s emergency response mechanism and system 
construction for new major infectious diseases, such 
as incomplete division and cooperation mechanism 

between disease prevention and control institutions and 
medical institutions, “prevention and control treatment 
separation”, insufficient medical supply and strategic 
reserve, etc. As the first medical security system 
facing new major infectious diseases, hospitals play an 
important role in reporting and responding to severe 
infectious diseases[16], and can quickly identify and 
isolate potential patients.

This review summarizes the status of monitoring, 
early warning and emergency response system for 
new major infectious diseases in China and overseas, 
in order to provide scientific basis for the China to 
optimize the monitoring, early warning and response 
systems for new major infectious diseases, and move 
forward the prevention and control gate, block new 
major infectious diseases at an early stage.

1 MOST COUNTRIES AROUND THE WORLD 
HAVE INSUFFICIENT CAPACITY TO PREVENT, 
DETECT AND RESPOND TO NEW MAJOR 
INFECTIOUS DISEASES

In October 2019, the Johns Hopkins Bloomberg 
School of Public Health combined with Nuclear Threat 
Initiative (NTI) and Economist Intelligence Unit 
(EIU) launched the Global Health Security (GHS) 
Index, which assesses the capacity of 195 countries 
to cope with infectious diseases. The GHS index is 
mainly based on prevention (to prevent the emergence 
or leakage of pathogens), detection and reporting (to 
quickly identify and report infectious diseases that 
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may cause global concern), rapid response (to quickly 
respond to and slow down the spread of infectious 
diseases), health system (to establish a robust health 
system, to treat patients and protect medical staff), 
compliance with international norms (commitment to 
improve the ability of countries, provide funds to repair 
short board of health and safety, and abide by the global 
relevant specification) and risk environment (overall 
risk environment and the vulnerability of countries 
to biological threats) to assess the preparedness of 
countries in terms of epidemic prevention. It is further 
divided into 34 indicators and 140 questions with a 
full score of 100, but the average score of all countries 
in the world is only 40.2, and the average score of 60 
high-income countries is only 51.9[17].

Most of the 195 countries lack the capacity 
of basic health systems essential for pandemic and 
pandemic response. According to the Findings and 
Recommendations Summary of GHS Index: 81% of 
countries score in the bottom tier for indicators related 
to deliberate risks (biosecurity); there is little evidence 
that most countries have tested important health security 
capacities or shown that they would be functional in 
a crisis, and have not allocated funding from national 
budgets to fill identified preparedness gaps; more than 
half of countries face major political and security risks 
that could undermine national capability to counter 
biological threats[17].

From the above analysis results, it can be seen 
that the health security of global countries is relatively 
weak, and most countries in the world are not very 
effective in preventing epidemics of various infectious 
diseases, but for the emerging infectious diseases with 
great biosecurity threats represented by COVID-19, 
even no country is fully prepared[18], every country 
has important weaknesses that need to be resolved and 
improved.

2 STATUS OF MONITORING, EARLY WARNING 
AND EMERGENCY RESPONSE SYSTEM FOR 
NEW MAJOR INFECTIOUS DISEASES IN 
HIGH-INCOME COUNTRIES

Based on the global ranking of GHS index, the top 

ten countries are the United States, the United Kingdom, 
the Netherlands, Australia, Canada, Thailand, Sweden, 
Denmark, South Korea and Finland. Except for 
Thailand, all of them are high-income countries, with 
the highest score of 83.5 (the United States) and the 
score of 68.7 for Finland in the tenth place. Policies 
and experience of these countries in monitoring, 
early warning and emergency response to new major 
infectious diseases are indeed valuable.
2.1 Monitoring and Early Warning System for New 
Major Infectious Diseases in High-income Countries

There are many kinds of infectious disease 
monitoring and early warning methods[19], which can 
be divided into qualitative prediction and quantitative 
prediction according to prediction methods, as shown 
in fig. 1, including epidemic control chart method, ratio 
chart method, prediction and early warning method 
using “Z-D” phenomenon[20], grey dynamic model in 
time series model, Box-Jenkins model and wavelet 
model in multi factor model[21], etc. It is very important 
to select appropriate warning threshold according 
to epidemic characteristics and seasonal changes of 
infectious diseases, which can improve the performance 
of outbreak detection[22–24]. In recent years, monitoring 
and early warning methods based on big data have 
made rapid progress[25]. As early as 2009, American 
scientists used keywords obtained from Google search 
engine to predict influenza, and the estimated results 
were very close to the official surveillance data, and 
could predict the outbreak of influenza one to two 
weeks in advance[26].

Taking the United States with the highest score as 
an example, relying on the big data collected from 103 
large hospitals (symptom data, test data, imaging data, 
prescription data, genetic data, etc.), in order to find out 
the abnormal aggregation of diseases in time and space, 
and then carry out rehearsal practice in the form of joint 
research from the level of large medical institutions[27]. 
In 2006, Huang et al[28] of Brigham Women’s Hospital 
and Channing Laboratory of Harvard Medical School 
collected microbiological data of a 750-bedacademic 
medical center from 2002 to 2006, monitored with 
SaTScan information software of the World Health 
Organization (WHO), and identified six previously 

Fig. 1 Infectious disease monitoring and early warning methods
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unknown MRSAs and four VRE clusters. 
The United Kingdom is the first country in the 

world to implement the national medical service system. 
The national medical service system established is the 
largest medical service team in Europe and praised 
by the WHO as one of the best medical services in 
the world. The response to the crisis of public health 
emergencies in the United Kingdom is based on the 
primary health care consortium and a community-
centered, bottom-up rapid response system[29]. A highly 
sensitive infectious disease monitoring system and 
early warning system have been built to detect new 
viruses at the first time and take timely measures.

However, although the United States and the 
United Kingdom are recognized as the countries with 
the highest health safety coefficient in the world, there 
are also many deficiencies[30, 31] in the fight against the 
COVID-19 epidemic, such as the lack of virus detection 
capability[32], the lack of protective equipment[33, 34], and 
so on, which are the most serious problems faced by 
almost all countries in the early stage of the pandemic.
2.2 Hospital Incident Command System

The ability of many developed countries in the 
prevention and control of infectious diseases is also 
reflected at the hospital level[35]. Hospitals are the 
first medical security system to face newly emerging 
infectious diseases, and the Hospital Incident Command 
System (HICS) is a hospital’s command system 
dedicated to responding to all kinds of emergencies. It 
can respond to emergencies within 4–7 min, and has 
been adopted by more than 6000 hospitals around the 
world[36, 37]. The system is mainly composed of five 
functional modules: command, operation, planning, 
logistics and finance (table 1). These modules can be 
elastically scaled according to the actual situation, 
and some functional units can also be expanded or 
merged[38].

The above modules and their departments have 
clear division of labor[35, 40], and each part has clear 
tasks and accurate implementation[41], which is the 

emergency response system adopted by hospitals in 
most European and American countries.

3 STATUS OF MONITORING, EARLY WARNING 
AND EMERGENCY RESPONSE SYSTEM FOR 
NEW MAJOR INFECTIOUS DISEASES OF 
OTHER COUNTRIES

Compared with the common emergency response 
methods of the United States and the United Kingdom, 
the monitoring, early warning and emergency response 
methods of other countries also have their own 
characteristics, which are mostly close to the national 
conditions of each country.
3.1 Thailand

Thailand is the only non-high-income country in 
the list of GHS index, ranking sixth in comprehensive 
ranking, with a score of 73.2. The scores in prevention, 
detection and reporting, rapid response and health 
system categories are 75.7, 81, 78.6 and 70.5 
respectively, while the global average score of these 
four items is in the range of 20–40[17], which shows that 
Thailand has a sound health system and high access to 
medical services[18].

In the COVID-19 epidemic, Thailand has well 
controlled the virus within a limited range. According to 
the latest epidemic released by the Ministry of Health of 
Thailand on April 3, 2020, 1978 cases were confirmed, 
with 19 deaths and 581 cured cases, showing excellent 
performance. Although the current number of cases in 
Thailand is not large, the Ministry of Public Health plans 
to establish a COVID-19 specialized hospital in each 
province[42]. In June 2015, Thailand confirmed the first 
case of MERS and immediately informed the WHO. 
Thailand also successfully blocked the transmission 
of MERS in the country[43]. WHO also highly affirmed 
Thailand’s epidemic prevention capability in the report 
of COVID-19 in Thailand. The report believed that 
Thailand has a strong ability in case discovery, risk 
assessment, case investigation, laboratory diagnosis, 

Table 1 The five functional modules of HICS 
Functional module Working characteristics
Command module The unified command structure of the command module guarantees a single and unified command system with 

the participation of many response organizations. Everyone in the system only needs to report to the supervisor 
of the upper level, instead of reporting the supervisor reports or under his command.

Operation module The actions of all personnel in the operation module must be in accordance with the established goals and other 
important information, which means that this information needs to be shared in a timely manner, and different 
response organizations should follow a unified action plan.

Planning module In the planning module system, there is a flexible plan for a certain position. Generally speaking, the number of 
its management personnel is 3–7, which will make corresponding adjustments according to the type of events.

Logistics module The logistics module mainly includes material security, rescue team security, information technology security, 
etc., to ensure that public health emergencies anywhere, get first-aid medicines within 12 h[39]. And the Hospital 
Information Management Association’s powerful electronic information system can timely update the data of 
the patient, and real-time monitoring of transshipment process has greatly improve emergency efficiency.

Financial module The financial department guarantees the timely availability of medical emergency rescue funds through 
disaster insurance and special emergency funds[36].
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clinical management, infection prevention and control, 
and risk communication. 

Thailand has a rapid response system, a strong 
epidemiological training program and a national 
laboratory system. Any epidemic infectious disease 
will trigger the rapid response system automatically 
once it appears, and the system will take standardized 
measures to deal with the sudden infectious disease 
according to the rules. In response to COVID-19, 
novel coronavirus detection can be carried out in 44 
laboratories throughout Thailand, including public 
institutions, private institutions and foreign cooperative 
institutions, with very high detection efficiency[44]. At 
the same time, the relevant epidemic resistance pattern 
in Singapore is similar to that in Thailand[45].
3.2 Japan

Japan has established a relatively complete 
emergency management organization system for 
public emergencies. The law stipulates that all 
prefectures and counties must set up more than one 
backbone disaster medical rescue center and several 
necessary regional disaster medical rescue centers. 
Once a disaster occurs, it will immediately start to 
become a designated hospital for emergency treatment, 
to accommodate the injured and sick in the disaster 
to the greatest extent[20]. Hospitals are divided into 
three levels, which respectively accept and treat mild, 
moderate and severe patients, and strive to establish 
an emergency collaborative relationship network 
between regional and inter-regional hospitals[46]. All 
organizations and personnel are clear about their 
tasks and can strictly abide by the relevant emergency 
management laws[46]. 
3.3 Iran

Based on the HICS commonly adopted by 
European and American countries, many other 
countries have also established their own emergency 
systems according to their own national conditions. 
For example, in 2013, in order to optimize the disaster 
management of hospitals in Iran, the HICS process 
(2006 version) commonly used in European and 
American countries was modified based on its national 
conditions. The revised parts are mainly concentrated 
on: (1) The quality control officer is added to the 
command group; (2) Security is defined as a new part; 
(3) The infrastructure and business continuity branches 
are transferred from the business section to the logistics 
section and the administration section respectively; 
(4) The Planning Section is merged into the Finance/
Administration section. This new model can improve 
the performance of hospitals in disaster management. 
During the simulated and actual disasters, other studies 
are needed to test the feasibility and effectiveness of the 
improved HICS in Iran. This process may be a useful 
model for other countries that want to improve their 
hospital’s disaster incident management system[47].

4 STATUS OF MONITORING, EARLY WARNING 
AND EMERGENCY RESPONSE SYSTEM FOR
NEW MAJOR INFECTIOUS DISEASES IN CHINA

4.1 Application Status of China Infectious Disease 
Automated-alert and Response System

Before the outbreak of SARS, the Chinese 
Centers for Disease Control (CDC) established a 
mobile percentile method to detect the outbreaks 
and epidemics of infectious diseases. After years of 
research, the China Infectious Disease Automated-alert 
and Response System (CIDARS) was developed and 
completed in April 2008, and was used to strengthen the 
monitoring and supervision of infectious diseases[22, 48].
The system mainly adopts fixed threshold method for 
anomaly detection. The workflow was divided into 
three steps: early warning signal sending, preliminary 
verification of early warning signal and on-site 
investigation confirmation.

In 2016, Zhang et al[49] found that the early warning 
system can stably automatically calculate the infectious 
diseases report date and generate early warning signals 
in a timely manner. The signal response rate and 
response timeliness are good, but the proportion of 
suspected signals is low. The early warning system can 
further improve the detection effect by distinguishing 
areas with different incidence levels of the disease and 
different epidemic seasons, exploring new sources 
of early warning date, and narrowing the space 
detection range. Chinese surveillance personnels have 
successfully found the increase of cases in Hotan area 
of Xinjiang through the active surveillance system for 
acute paralysis cases, and confirmed by the laboratory 
that the cases are transmitted by imported poliovirus 
from Pakistan[50]. 
4.2 Monitoring and Early Warning System for New 
Major Infectious Diseases in China

China ranks 51st in the GHS index and 4th in 
the five East Asian countries. The scores/rank of 
prevention, detection and notification, rapid response, 
medical system, compliance with international norms 
and environmental risk are 45.0/50, 48.5/64, 48.6/47, 
45.7/30, 40.3/141 and 64.4/58 respectively, with a 
total score of 48.2[17]. In addition to the category of 
compliance with international norms, the scores of 
other categories are higher than the average scores of 
159 countries.

In response to the COVID-19 pandemic, China 
has taken the most comprehensive, strict, and thorough 
prevention and control measures, unprecedented 
large-scale isolation measures, and unprecedented 
deployment of national resources for large-scale 
medical treatment. After arduous efforts, China paid 
a huge price and sacrifice, and effectively reversed 
the situation of the epidemic[51]. With the correct 
leadership of the Party Central Committee and the joint 
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efforts of the people across the country, the domestic 
epidemic situation has been effectively controlled, 
but the shortcomings and deficiencies exposed therein 
still need to be considered. It is urgent to improve 
monitoring, early warning and emergency response 
system for new major infectious diseases, build an 
effective monitoring and early warning network for 
new major infectious diseases, and move forward the 
prevention and control gate.

China emergency management system still has 
many shortcomings: (1) The organizational system is not 
perfect[52], such as general hospitals do not set up health 
emergency management departments independently[53], 
lack of comprehensive coordination and command 
institutions and information management centers, etc., 
and the current “segmented” emergency management 
mode lacks effective coordination and cooperation 
mechanism and recovery mechanism[23]. (2) The 
emergency plan and implementation evaluation are not 
perfect, there is a tendency of “preplanning”, there is a 
lack of emergency drill and objective evaluation, and the 
emergency response capacity of new major infectious 
diseases is not strong[54]. (3) The support system is 
relatively backward, there is no prior funding support 
system[55], the provision of professional personnel and 
emergency material resources is inconsistent with the 
implementation of emergency tasks, the information 
system sharing system between hospitals and 
departments of disease control, transportation, public 
security and other departments is not perfect; The 
information release and public opinion guidance need 
to be strengthened[56]. (4) Other weak links, such as the 
definition of responsibility system function of medical 
institutions in the emergency process, the research and 
development of new drugs and new equipment, the 
weak foundation of information support[57], the lack of 
clear key elements and tasks of information integration 
and efficient utilization, the upgrading of hospital 
infection control, and the lack of corresponding task 
list and model guidance for emergency support of 
materials.

5 CONCLUSION

Due to the characteristics of new major infectious 
diseases, such as sudden, complex, urgent, strong 
spread and great harm, the monitoring ability and 
emergency response system of global response to new 
major infectious diseases are not perfect at present, 
especially in the current “big test” of response to the 
COVID-19 epidemic, most countries have failed 
to submit a satisfactory answer sheet, proving that 
the global response to new epidemic situation is not 
perfect. There is much room for improvement in the 
monitoring and emergency response system.

As the outpost and the main part of medical aid, 

the hospital is not only the most sensitive first line at 
the beginning of the epidemic, but also performs the 
most important rescue task in the epidemic “fight”[58]. 
It is urgent to establish a set of scientific and advanced 
emergency response mechanism which is suitable for 
the business process of medical system and unified 
standards, so as to improve the response efficiency and 
quality of emergency response.
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