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Background: Infectious and endemic diseases are a serious public health concern worldwide, 

and their prevention and treatment are globally controversial. This study aimed to establish an 

system dynamics (SD) model to  analyze the factors influencing public health services provided 

by the Chinese Centers for Disease Control and Prevention (China CDC) to implement infectious 

and endemic disease control in China, by establishing more effective interventions to provide 

public health services and thus achieving the goal of controlling infectious and endemic diseases.

Materials and methods: An SD model was constructed using the Vensim DSS program. 

Intervention experiments were performed using the SD model, which reflected the influences 

on disease control by adjusting the governmental investment and compensation level for public 

health products.

Results: The experimental results showed that increasing the governmental investment in China 

CDC and compensation level for public health products will significantly increase the public 

health product rate provided by China CDC.

Discussion: Problems with infectious and endemic disease prevention and treatment are the result 

of the system’s incomplete functioning and limited health resources. To address the current problems 

and improve the system, the government should increase its investment in the public health service 

system and improve the compensation system to ensure smooth implementation of infectious 

and endemic disease prevention and treatment and, ultimately, improve public health in China.

Keywords: epidemic model, transmission, spread, epidemiology, public health, system dynam-

ics, disease management

Introduction
Problem/significance
The prevention and treatment of infectious and endemic diseases should be carefully 

considered, because they are both global issues. Infectious diseases occur mainly in 

developing countries, but owing to its mode of transmission, developed countries 

are always involved during epidemics. In 2017, 90 countries and areas had ongoing 

malaria transmission,1 an estimated 36.9 million people living with HIV at the end of 

2017 and  940,000 died from HIV-related causes globally in 2017.2 Among the people 

who died from infectious diseases, >90% had AIDS, infectious diarrhea, tuberculosis, 

malaria, or respiratory diseases. According to the World Health Statistics, infectious 

diseases, such as malaria, tuberculosis, AIDS, dengue, and measles, are long-time 

health risks, and solutions to these diseases should be found immediately. Half of the 

world’s population has been reported to being predisposed to malaria, and among the 
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estimated 219 million cases, malaria caused 435,000 deaths 

in 2017.1 The number of people living with HIV represents a 

worse tendency, particularly in sub-Saharan Africa. Neglected 

tropical diseases pose a severe threat to the poorest and most 

marginalized communities and cause millions of deaths; in 

particular, the incidence of dengue has dramatically increased 

in the recent decades. Therefore, WHO is calling for more 

efforts to prevent, treat, and eliminate infectious diseases.3 

WHO has set some targets to achieve health-related Mil-

lennium Development Goals, including some regarding 

infectious diseases such as eliminating malaria in at least ten 

countries by 2020.4 In addition, WHO has analyzed the risk 

factors associated with diseases, such as their transmission; 

all these risk factors increase the probability of epidemics, 

such as diarrheal diseases (including cholera), hepatitis, and 

pneumonia. Encouraged by the WHO and the importance of 

preventing and treating infectious diseases for global health, 

scholars from different countries and regions have conducted 

related studies. Researches mainly concentrated on the 

prevention and treatment, assessment methods and models, 

and epidemiology.5 HIV/AIDS is the most controversial 

research topic, including its prevention and treatment,6–10 

epidemiology and pathogenesis,11 and interventions.10,12–17 

Other epidemics also caused much attention, such as dengue 

epidemics,18 hepatitis C,19,20 and influenza.21 Some studies 

focused on the epidemic prevention methods,22 the new 

epidemiological paradigm,23 and the optimal control of epi-

demic outbreaks.24 The EU also made great efforts to prevent 

epidemics. The ECDC has identified the major threats of 

epidemics and predicted the main risk factors faced by EU 

member countries and the European region in 2013. The 

ECDC analyzed seven types of infectious diseases, published 

an assessment report on the risks of infectious diseases in 

Europe, and included health risks in and outside of the EU, 

regarding the eight infectious diseases.

In the field of epidemiology, there is a special type known 

as endemic disease, which refers to the constant presence 

and/or usual prevalence of a disease or infectious agent in 

a population within a geographic area.25 Endemic disease 

often overlaps infectious disease. An infectious disease will 

disappear or transit into an endemic disease based on its 

pathogenicity and transmission mode.26 Some infectious 

diseases are endemic diseases in certain regions, for example, 

chickenpox is an endemic disease in the UK, malarial disease 

is endemic in Africa, and AIDS is becoming more and more 

endemic in Africa. Similar with infectious diseases, endemic 

diseases also threaten the health of the worldwide popula-

tion in a particular way. If someone visits these endemic 

regions, especially the foreign workers, they will be exposed 

to these endemic diseases. Because of the constant existence 

of endemic diseases for many years, they even impose a far 

higher public health burden than infectious diseases27 and 

result in the loss of capacity for physical labor and threat 

to human health.28 Therefore, various countries and regions 

should pay special attention to different endemic diseases, 

owing to the regional characteristic; however, it must be rec-

ognized that endemic diseases can also cause threats globally 

due to the transmission between infectious diseases.

China is no exception to the burdens of infectious and 

endemic diseases. On the one hand, according to the law 

of the China on the Prevention and Treatment of Infectious 

Diseases, infectious diseases are divided into three categories: 

category A, including plague and cholera; category B, includ-

ing 26 infectious diseases (viral hepatitis, AIDS, malaria, 

dengue fever, etc); and category C, including 11 infectious 

diseases (influenza, epidemic parotitis, etc). Among the mor-

tality rates of major diseases in urban areas in 2000, 2005, 

2010, 2015, and 2016, infectious diseases (excluding respi-

ratory tuberculosis) ranked 11th, 13th, 11th, 9th, and 10th, 

respectively, with the component ratios of 0.67%, 0.66%, 

0.72%, 1.09%, and 1.05%.29 The occurrence of infectious 

diseases showed a fluctuated trend in China but was always a 

serious threat to people’s health. The Chinese Health Statistics 

2017 reports that the top ten infectious diseases for morbid-

ity in categories A and B are viral hepatitis, tuberculosis, 

syphilis, bacillary and amebic dysentery, gonorrhea, scarlet 

fever, AIDS, brucellosis, measles, typhoid, and paratyphoid.29 

On the other hand, China is a country with serious endemic 

diseases. Endemic patients in China are seriously affected, 

widely distributed, and threatened.30 According to the 

National Health Commission of China, the most important 

endemic diseases in China are Kashin–Beck disease, Keshan 

disease, iodine deficiency disorders, endemic fluorosis, and 

arsenic poisoning.31 The “13th Five-Year” National Endemic 

Disease Prevention and Control Plan proposed that by 2020, 

China will continue to eliminate the harm of iodine deficiency 

disorders and maintain the basic elimination of endemic 

fluorine and arsenic poisoning, Kashin–Beck disease, and 

Keshan disease.32 In this study, we focused on both infectious 

and endemic diseases. Based on the 28 infectious diseases 

in The Chinese Health Statistics 2015 and 2017, this study 

included 23 prevalent infectious diseases and excluded 5 

temporarily eliminated infectious diseases. The included 

infectious diseases are epidemic encephalitis, typhoid and 

paratyphoid, brucellosis, infant tetanus, syphilis, epidemic 

cerebrospinal meningitis, epidemic hemorrhagic disease, 
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gonorrhea, anthrax, rabies, scarlet fever, malaria, viral hepati-

tis, dengue, whooping cough, bacillary and amebic dysentery, 

tuberculosis, AIDS, leptospirosis, cholera, measles, plague, 

schistosomiasis, and H7N9 avian flu. In the field of endemic 

diseases, we focused on the five most significant diseases 

mentioned above, namely, Kashin–Beck disease, Keshan 

disease, iodine deficiency disorders, endemic fluorosis, and 

arsenic poisoning.

Therefore, considering the severity, harm, and burden of 

infectious and endemic diseases globally and in China, China, 

as an important country, should make great efforts to practice 

the prevention, control, treatment, and care of infectious and 

endemic diseases, which would provide valuable suggestions 

to other countries and regions.

Prevention and treatment of infectious and endemic dis-

eases in China is dynamic and complex. Therefore, an SD 

is suitable to analyze these issues. SD is a computer-aided 

technique for policy analysis and simulation modeling, 

exploring dynamic issues arising in complex systems and 

assessing interventions. It is based on feedback system theory 

and refers to empirical testing and quantification.

SD combines social and behavioral science and helps 

achieve a deeper understanding of socioeconomic problems 

in large complex systems over time. As SD has developed, 

the extent of its application has expanded to economic 

fields, public health, policy analysis, ecosystems, environ-

ment issues, education, and epidemiology. Particularly, in 

the field of epidemiology, applications remain limited and 

are only found in tobacco and tuberculosis,33,34 Kawasaki 

disease epidemiology,35 obesity prevention and treatment,36–38 

interventions in opioid use and abuse,39 HIV prevention and 

treatment,40,41 and chlamydia infection analysis.42 Therefore, 

this study selected SD as an analyzing tool.

Objective
This study aimed to establish an SD model to analyze the 

factors influencing public health services provided by China 

CDC to meet the need of infectious and endemic disease 

prevention and control, helping us make more scientific and 

practical interventions for public health services, and thus 

achieving the goal of controlling infectious and endemic 

diseases.

Material and methods
SD model
SD contains four components (stock variables, flow vari-

ables, converters, and connectors) and is mainly constructed 

using causal loop and stock and flow diagrams. The stock 

and flow variables are essential components of SD structures, 

constituting the stock and flow diagrams with information. 

The stocks are state variables; the flows represent rates of 

change. SD models also include some cause-and-effect 

chains, and these closed chains are called feedback loops, 

which can be divided into reinforcing and balancing feed-

back loops and help understand the interrelations and inter-

actions between elements of the system. In SD models, the 

causal loop diagrams consist of some feedback loops, and 

the stock and flow diagrams are based on the causal loop 

diagrams; by combining the two diagrams, the relationships 

among variables with the potential to change over time are 

understood.

An SD simulation often includes the following six steps. 

First, identify problems in the system and define the boundary 

dynamically. Second, based on the system’s dynamic changes 

and hypothesis, establish the causal loop and stock–flow 

diagrams. Third, identify and change the most significant 

stocks and flows. Fourth, determine the functions, equations, 

and initial values of some variables. Fifth, analyze and test 

the correspondence between the model and reality. Finally, 

present a discussion and conclusion according to the simu-

lated results. The SD simulation can be completed using the 

Vensim DSS computer software, which allows us to concep-

tualize, document, simulate, analyze, and optimize models 

of dynamic systems. Thus, the Vensim DSS was employed 

in this study to help create the SD model.

Model description
A disease control system is designed to prevent and control 

epidemics and other diseases and aims to decrease morbidity, 

improve the environment, and enhance the population’s health 

condition. The center of the disease control system is China 

CDC where the socioeconomic, national policy, financial, 

human resource, epidemics, and living environment systems 

are communicated, connected, and interacted to determine 

the functions of the disease control system. Thus, the aim of 

enhancing the population’s health state can be achieved, and 

the whole population as well as China CDC will benefit from 

the system. A disease control system involves three major 

parts: the government, consumer, and supplier. Governments 

will influence the disease control systems by adjusting price 

and compensation systems and changing the investment in 

China CDC. All these factors as the demand for an EPI and 

conditions of contagious and endemic diseases influence the 

demand for disease control services and products. The sup-

plier is mainly influenced by the input, including manpower 

resource allocation and the funding system and its allocation. 
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The three parts interact with each another, determining and 

sustaining the disease control system.

Causal loop diagram
Various studies demonstrated that enlarging the scale of vac-

cination, increasing the vaccination rate,43 and controlling 

the sources of infection44 are some effective methods for 

controlling infectious diseases. In addition, the government 

budget, the compensation level for public health products, the 

population’s health conditions, and the external and internal 

environment of the system are concluded to play a significant 

role in the disease control system. Figure 1 shows the causal 

loop diagram, which describes the cause-and-effect rela-

tion and interactions of factors affecting the disease control 

system. The loops in the diagram are described as follows.

The China CDC’s investment and compensation system 

and the income mechanism were analyzed. Its incomes 

are mainly from government financial investment and paid 

service income. The governmental financial investment in 

the health delivery system accounted for a relatively small 

proportion (30.41%) of the total health expenditure in 2011,45 

and the investment in China CDC was much smaller. This 

caused China CDC to depend more on service incomes, 

dramatically impeding the disease control process and the 

achievement of health condition enhancement. The China 

CDC’s paid service incomes can be divided into two parts, 

private and quasi-public product incomes, directly cutting 

down the provision of public health products that cannot 

provide financial benefits for China CDC. However, the price 

of the three types of products and the amount of products 

provided by China CDC are influenced by the compensation 

level of the public health product: as the compensation level 

of a public health product increases, so does the amount of 

products provided by China CDC. Thus, the function of the 

disease control system would be realized more completely. 

The China CDC has been known to play a significant role 

in satisfying the demand for disease control, mainly among 

the population with contagious and endemic diseases and the 

population requiring EPI.

The flow directions of resources and their allocation were 

analyzed. In this diagram, the medical resources referred 

to are China CDC capital and manpower. In 2014, the 

government investment in China CDC was 31,047,600,000 

CNY, accounting for only 0.29% of the government health 

expenditure.45 Combined with the low compensation level 

of public health products, the total capital of China CDC 

was completely insufficient. Hence, China CDC’s output 

capability was very poor, the China CDC’s provision of 

public health products was insufficient, China CDC was 

more willing to provide private and quasi-public products to 

make more earnings, and the price of three types of health 

products would be higher because of the poor compensation 

system. Meanwhile, owing to the more volatile manpower of 

China CDC, its output capability was greatly influenced and 

weakened, seriously hindering the process of disease control. 

The model of “grasp the shadow instead of the essence” could 

be used in analyzing the interaction between paid and public 

services provided by China CDC. Under the circumstances 

Population factor
Development level
of social economy

Expected health
value of population

Environemental
condition

Morbidity and nutrition
condition of population

Sub-health
population

Sick population

Amount of public
product provided

Amount of free
service

Health resource possessed
by free service

Cost consumption of
public health resource

Expected value of solving cost
consumption of paid service

Influencing factor
of environment

Factor of disease
pattern transformed

Social economic
development condition

Government

National policy and
insurance system

Amount of investment
by government

Amount of drug resource

Amount of business expense

Amount of exogenous
health resources

Amount of
human resource

Technology level
Total amount of

public health
investment

Subject level

Medical research level

Senior health manpower level

Business income of paid service

Other income

Population health
condition

Healthy
population Supervision and

administration institution
Structure factor of

public health resource
Amount of public health

environment facility resource

Amount of endogenous
health resource

Amount of public
health resource

Health resource possessed
by paid service

Amount of paid
service Amount of quasi-public

good provided

Individual health
expense Improvement of

public health delivery
system

Figure 1 Cause-and-effect relation chart of factors affecting the disease control system.
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that China CDC’s total public health resources were insuf-

ficient, China CDC would try to overcome the embarrassing 

situation by decreasing the provision of public services and 

increasing the paid services, thus weakening the functions of 

China CDC and impeding the enhancement of the people’s 

health states. Therefore, the optimum solution to the deficient 

disease control system should be identified.

Stock–flow diagram
Model description
To further quantify the disease control system, its three parts 

were established: the infectious disease, the endemic disease, 

and China CDC subsystems. The former two subsystems 

greatly influence the China CDC subsystem, mainly affect-

ing the demand, and the latter, in turn, affects the tendency 

and stability of the former two subsystems. Various input 

and output variables in the three subsystems form the inter-

relationships in the disease control system, providing the 

possibility of constructing an SD model to study the disease 

control system. Data were extracted from the Chinese Health 

Statistical Yearbook 2015.45

Figure 2 shows the SD model of the disease control 

system. This diagram would help policymakers, health 

managers, and common readers understand the structure 

and interaction of the system, thus making more scientific 

decisions and policies to support the disease control program. 

The diagram includes some different symbols: rectangles 

indicate stock variables, rate variables are linked by double-

lined arrows, and causal relationships among variables are 

shown by single-lined arrows. In this stock–flow diagram, 

stock variables are the total population, China CDC capital, 

and China CDC manpower. Flow variables are increment of 

population, decrement of population, increment of China 

CDC capital, decrement of China CDC capital, increment 

of China CDC manpower, and decrement of China CDC 

manpower. Auxiliary variables include rates of public health 

products provided by China CDC, output capability of China 

CDC, and amount of public health products provided by 

China CDC. Initial variables include birth rate, mortality 

rate, initial value of government investment in China CDC, 

and morbidity and fatality rates of 23 notifiable diseases. 

Intervention variables are government investment in China 

CDC and compensation level of public health product. The 

observation variable is the rate of public health products 

provided by China CDC.

Calculation of variables
First, the initial values of variables in the disease control 

model were determined based on several methods, such as 

the national statistics,45 SD, econometrics, statistics, Delphi 

method, and on-site survey. For instance, the total number 

of people was 1,367,820,000 in 2014, and the birth and 

mortality rates were 12.37% and 7.16%; therefore, the birth 

and mortality rates every month were set to 0.01237/12 and 

0.00716/12, respectively.

Second, values of the stock variables were calculated 

based on the initial value of the stock variables and the flow 

variables (increment and decrement values). For example, the 

Depreciation rate of capital of China CDC
Basic increase rate of manpower of China CDC

Total manpower of
China CDC

Increment of manpower of China CDC

Decrease rate of manpower of China CDC

Decrement of manpower of China CDC
Output capability

parameter of China CDC

Capital elasticity
coefficient of China CDC

Total capital of
China China CDC

Decrement of capital of China CDCIncrement of capital of China CDC

Further development
input coefficient of China CDC

Initial value of government
investment to China CDC

Compensation level

<Total number of
contagious patients>

<The number of
endemic patients>

Demand for China CDC

Compensation level of
public health product

Total basic income of China CDC

Government
investment to China CDC

<Time>

Paid service
income of China CDC

Private product income
provided by China CDC

Price of paid service

Growth rate of CPI

Price of quasi-public
product service

Total price of three
types of products

Rate of quasi-public
 product

provided by China CDC

Quasi-public
 product income

provided by China CDC

<Time step>

Rate of private product
provided by China CDC

Amount of private product
provided by China CDC

Output capability of China CDC

Amount of quasi-public
product provided by China CDC

Amount of public health
product provided by China CDC

Rate of public health product
provided by China CDC

Figure 2 Capital of China CDC, manpower of China CDC, and service provided by China CDC.
Notes: Different shading of text tone in figure indicates model consists of several logically dedicated parts ie, subdiagrams. Each subdiagram containing a number of tightly 
interrelated variables. Lighter shading of text tone indicates variables used in several subdiagrams.
Abbreviation: China CDC, Chinese Centers for Disease Control and Prevention.
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initial total capital value of China CDC was 39,299,210,000 

CNY, and the initial total manpower value of China CDC was 

192,397. Therefore, the formulation of the total capital and 

manpower of China CDC was constructed as follows: total 

capital of China CDC = 39,299,210,000 + increment of capital 

of China CDC – decrement of capital of China CDC and total 

manpower of China CDC = 192,397+ increment of manpower 

of China CDC – decrement of manpower of China CDC.

Third, some auxiliary variables determined the flow 

variables and linked the stock and flow variables. The incre-

ment of China CDC capital was determined based on the 

total basic income and further development input coefficient 

of China CDC, and the decrement of capital of China CDC 

was influenced by the total and depreciation rates of China 

CDC capital. The increment of China CDC manpower was 

reflected by the total and basic increasing rate of China CDC 

manpower, and the decrement of China CDC manpower was 

reckoned by the total and decreasing rate of China CDC 

manpower.

Fourth, the main observational variables were the amount 

of health products provided by China CDC, which was influ-

enced by its output capability and rates of health products 

provided. The output capability of China CDC was formu-

lated by the total capital and total manpower of China CDC. 

Thus, the formulations of the three types of health products 

could be constructed as follows: amount of public products 

provided by China CDC = China CDC output capability × 

rate of public product provided by China CDC; amount of 

private product provided by China CDC = China CDC output 

capability × rate of private product provided by China CDC; 

and amount of quasi-public product provided by China CDC 

= China CDC output capability × rate of quasi-public product 

provided by China CDC.

Fifth, the number of endemic patients was the total 

number of five different endemic patients, which came from 

the population of five disease counties and their morbidity 

(Figure 3). Morbidity of these diseases was extracted from the 

Chinese Health Statistical Yearbook 2015. The population of 

five disease counties was calculated according to the formula-

tion of stock variables. Take the population of endemic fluo-

rosis county as an example. The initial population of endemic 

fluorosis county was 94,537,000, and the increment and 

decrement of endemic fluorosis population were determined 

according to the population of endemic fluorosis county, 

birth rate, and death rate. Therefore, the five formulations 

were constructed as follows: Population of endemic fluorosis 

county = 94,537,000 + increment of endemic fluorosis popu-

lation – decrement of endemic fluorosis population; popula-

tion of Keshan disease county = 61,892,000 + increment of 

Keshan disease population – decrement of Keshan disease 

population; population of Kashin–Beck disease county = 
37,715,000+ increment of Kashin–Beck disease population 

– decrement of Keshan disease population; population of 

iodine deficiency disorder county = 1,319,645,000 + incre-

ment of iodine deficiency disorders population – decrement 

of iodine deficiency disorders population; and population of 

endemic arsenic poisoning county = 1,349,000 + increment 

of endemic arsenic poisoning population – decrement of 

endemic arsenic poisoning population.

Finally, the total number of contagious patients was the 

sum of patients suffering from 23 notifiable contagious dis-

eases (Figure 4). The numbers of various patients were all 

reckoned based on the stock variable discipline. For example, 

the number of patients with viral hepatitis was formulated as 

the initial number of patients with viral hepatitis (1,223,021) 

+ its increment – its decrement. In addition, the increment of 

patients with viral hepatitis was calculated as the total popula-

tion × morbidity of virus hepatitis, where the total population 

was 1,367,820,000 + increment – decrement of population, 

and the morbidity from viral hepatitis was obtained from the 

Chinese health statistical yearbook. Similarly, decrement of 

patients with viral hepatitis was determined as the number of 

patients with viral hepatitis × its fatality rate. Therefore, other 

contagious diseases were calculated the same as viral hepatitis.

All variables and equations are listed in Supplementary 

material.

Model validation
To validate the model, the initial value of variables was set in 

2014, which was simulated in the next 3 years (2014–2016). 

This would help us demonstrate whether the model aligns 

with the historical evolution of China’s health delivery 

system. The validation results are shown in Table 1. The 

actual data were taken from historical records of the Chi-

nese Health Statistical Yearbook 2017,29 and the simulated 

data were the results of validation analysis. One can see 

that deviation between the actual and simulated data was 

not significant – namely, between −0. 8162% and 0.1550%, 

which is a reasonable range. Thus, the model is considered 

validated and reasonable.

Sensitivity analysis
To test the validity and reliability of this model, sensitivity 

analysis was conducted by changing some parameter values 

in a restricted and reasonable range. If the output variable 

fluctuates in a gentle range but remains the overall trend, the 
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model can be considered valid and reliable.46 Sensitivity (S) 

is calculated according to DY(t)/Y(t) and DX(t)/X(t), which 

represent the changes in output variables and changing 

parameter, respectively. Therefore, the formulation of sen-

sitivity is S(t) = 
D
D
Y Y

X X

( ) / ( )

( ) / ( )

t t
t t

.

Two parameters were selected for the sensitivity analysis, 

with the variation rates between –20% and 20% of the current 

values. The two variables were the compensation level and 

initial government investment to China CDC. The output vari-

able was the rate of public health products provided by China 

CDC. The model operated 200 times, and this procedure was 

conducted by Vensim. Figure 5 shows that among the 200 

cases, 50% of the output variables were in the yellow, 75% 

in the green, 95% in the blue, and 100% in the gray area. 

This result suggested that the output variable did not show 

an extreme variation but changed in a slight and reasonable 

range. Therefore, the model is stable, reliable, and suitable 

for simulation analysis.

Results
In this study, the SD model simulated the policy intervention 

experiments, which reflected the influences on disease control 

by changing different system parameters.

Adjusting the governmental investment in 
China CDC
Figure 6 shows the influence of governmental investment in 

China CDC on the rate of public health products they pro-

vided. According to the Chinese Health Statistical Yearbook 

2015, the budget received by the China CDC consists of 

financial subsidy income from the government, amounting 

to 31,047,600,000 CNY. Therefore, the initial governmental 

investment in China CDC in January 2014 was determined as 

31,047,600,000/12 CNY. In test 1, the initial value decreased 

to 10%, in test 2, it was set twice its current value, and in test 

3, it was set ten times its current value. China CDC provided 

services such as public health products (including infectious 
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Figure 3 Number of endemic patients in the disease control system.
Notes: Different shading of text tone in figure indicates model consists of several logically dedicated parts ie, subdiagrams. Each subdiagram containing a number of tightly 
interrelated variables. Lighter shading of text tone indicates variables used in several subdiagrams.
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Table 1 Validation analysis of the model

Year 2014 2015 2016

Total 
manpower of 
China CDC

Actual data, n 192,397 190,930 191,627
Simulated data, n 192,397 191,226 190,063
Deviation 0% +0.1550% −0.8162%

Abbreviation: China CDC, Chinese Centers for Disease Control and Prevention.

and endemic diseases control), quasi-public products, and 

private products. Therefore, the rate of public health products 

provided by China CDC reflected the government’s efforts 

to prevent and control infectious and endemic diseases. The 

results from these four different scenarios represented that 

Figure 5 Sensitivity analysis of the model.
Abbreviation: China CDC, Chinese Centers for Disease Control and Prevention.
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Current
50%

1

0.75

0.5

R
at

e 
of

 p
ub

lic
 h

ea
lth

 p
ro

du
ct

pr
ov

id
ed

 b
y 

C
hi

na
 C

D
C

0.25

0
0 25 50

Time (months)
75 100

75% 95% 100%

1

0.75

0.5

R
at

e 
of

 p
ub

lic
 h

ea
lth

 p
ro

du
ct

pr
ov

id
ed

 b
y 

C
hi

na
 C

D
C

0.25

1
1

1
1

1
1

1
1

1
1

22 4 4444444444

22222222

2

3
3 3 3 3 3 3 3 3 3 3

0
0 10 20 30 40 50

Time (months)
1

2
3

4 4 4 4 4 4 4
3 3 3 3 3 3 3

2 2 2 2 2 2
1 1 1 1 1 1

60 70 80 90 100

Rate of public health product provided by China CDC: test 1
Rate of public health product provided by China CDC: test 2
Rate of public health product provided by China CDC: test 3
Rate of public health product provided by China CDC: current

Figure 6 Effects of governmental budget in China CDC on the rate of public health products they provided.
Abbreviation: China CDC, Chinese Centers for Disease Control and Prevention.
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as the governmental budget in China CDC increases, the 

rate of public health products they provided also increases 

significantly, which may lead to the growth of output capa-

bility of China CDC.

Adjusting the compensation level of 
public health products by the government
Figure 7 shows the changes in the rate of public health prod-

ucts provided by the China CDC under various compensation 

levels for public health products by the government. From 

tests 1–3, the compensation levels for public products by 

the government were changed to 20% (0.01), twice (0.1), 

and ten times (0.5) their current values (0.05), respectively. 

The results showed that the higher compensation level for 

public products correlated with higher rates of public health 

products provided by the China CDC, which improves the 

compensation level by increasing the rates they provided.

Discussion
Based on these results, combined with literatures, we present 

some suggestions for epidemic prevention and treatment, 

mainly concentrating on three aspects.

First is to enhance the support of infectious and endemic 

disease prevention and treatment. Regarding health care 

equality, to ensure basic public health services for the whole 

population, the support of infectious and endemic disease 

prevention and treatment should be enhanced. According 

to other countries’ experience, the main influencing factor 

of making public health policies is the stakeholders, and 

among them, the role of government is of great importance.47 

The government can determine specific polices, affect the 

implementation of public health services, and influence the 

effects and efficiencies of epidemic control. In addition, more 

attention must be paid to health staff. Increasing salaries and 

welfare of health staff will improve the implementation of 

free epidemic prevention and treatment. Currently, contra-

dictions between the health staff and patients, poor working 

environments, and salaries prevented the provision of effec-

tive public health services.48 Regarding the reality of over-

supply and induced demand of health care, the medical cost 

should be reduced. Increasing the total funds on the health 

department will change health care suppliers’ behaviors and 

promote epidemic prevention and treatment.49

Second is to increase the governmental budget for public 

health services. Various studies have highlighted an evident 

relationship between the government’s financial responsi-

bility and public health services. In accordance with these 

results, the government should undertake the financial 

support for public health service, thus ensuring efficient 

implementation of health care services and decreasing the 

risk of disease transformation.50 Other evidence suggests that 

increasing financial budgets for the public health system will 

Figure 7 Effects of the compensation level for public products by the government on the rate of public health products they provided.
Abbreviation: China CDC, Chinese Centers for Disease Control and Prevention.
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increase the possibility of accessing health treatment51 and 

that increasing the investment on health departments will 

improve the health services provided to the population in the 

community and promote the population’s health condition.52 

Therefore, the governmental investment plays a significant 

role in the process of advancing public health services and 

satisfying the demand for epidemic control in the whole 

population. Although it is a good solution, some limitations 

on the government funding situation should be recognized. 

This study test showed that even increasing the governmental 

investment in the China CDC to ten times its current value, 

the rate of public health products they provided continuously 

increased significantly. However, investing ten times more 

funding is a huge issue, especially in developing countries. 

Therefore, to be more realistic, comprehensive, and efficient, 

its management should not only rely on governmental invest-

ment but also on other agents, such as corporates, individuals, 

and social organizations.32 This was also supported by Medley 

and Vassall, who pointed out that with the transformation of 

infectious diseases into endemic diseases, the governments’ 

responsibility started to move to individuals even though 

governments still provide some funding for treatment.27 As a 

result, it would be feasible to encourage more responsibilities 

from corporates, individuals, and social organizations when 

increasing the governmental investment.

Third is to improve the compensation system. At present, 

the compensation for disease prevention and treatment system 

and for public health service staff is extremely inadequate. 

Based on the reality, the loss of benefits owing to free public 

services should be compensated, thus gaining more support 

from health staff to implement epidemic control policy and 

to ensure the citizens’ rights and interests to have access to 

public health services.53 In addition, governmental compen-

sation for the China CDC will ensure their responsibilities 

to provide public health products and services.54 More com-

pensation available for epidemic prevention and treatment 

will make the China CDC depend less on economic incomes 

and control the epidemics more efficiently.55 Consequently, 

improving the compensation system will help improve the 

responsibilities of the China CDC and deal with and control 

epidemics with high quality and efficiency.

Based on our literature review, this is the first study 

on China’s epidemic control system using an SD model. 

Owing to the model’s immaturity, some aspects remained to 

be improved, such as the application of more accurate data 

and stricter assumptions. Although the SD model has some 

deficits, it still allowed us to evaluate the public health system 

and estimate the epidemic control effects.

Some limitations should be dealt with in the future. This is 

the first time a study has constructed an SD model to examine 

an epidemic prevention and treatment system and to simulate 

the policy interventions; therefore, several assumptions were 

adjusted and simplified, some factors were neglected, and 

some connections were abstracted. In future studies, these 

deficiencies should be improved, so that the system can be 

enhanced to solve problems and promote efficient system 

operation more accurately.

This study has several limitations. As it is the first time 

that an SD model was used to study public health services 

provided by the China CDC in order to meet the needs of 

infectious and endemic disease control in China, relation-

ships between subsystems have been simplified. Furthermore, 

several factors such as the cure rate were not considered 

in the model. Future studies will address these limitations 

and enhance the associations between the model and actual 

interventions.

Conclusion
The problem with infectious and endemic disease prevention 

and treatment system is the result of its incomplete functions 

and limited health resources. Under the current situation 

and systematic structure, because health institutions pursue 

economic benefits excessively, the whole system pays more 

attention to the treatment than the prevention of diseases, which 

in turn hinders epidemic control. To address the problems 

and improve the system, the government should increase its 

investment in the public health service system and improve 

the compensation system to ensure smooth implementation of 

epidemic prevention and treatment and, ultimately, improve the 

health status of the whole population in China.

Abbreviations
SD, system dynamics; China CDC, Chinese Centers for Dis-
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