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Abstract
Hepatitis B constitutes a severe public health challenge in China. The Community-based
Collaborative Innovation hepatitis B (CCI-HBV) project is a national epidemiological study
of hepatitis B and has been conducting a comprehensive intervention in southern Zhejiang
since 2009.
The comprehensive intervention in CCI-HBV areas includes the dynamic hepatitis B
screening in local residents, the normalised treatment for hepatitis B infections and the
upcoming full-aged hepatitis B vaccination. After two rounds of screening (each round taking
for 4 years), the initial epidemiological baseline of hepatitis B in Qinggang was obtained, a
coastal community in east China. By combining key data and system dynamics modelling,
the regional hepatitis B epidemic in 20 years was predicted.
There were 1041 HBsAg positive cases out of 12 228 people in Round 1 indicating HBV
prevalence of 8.5%. Of the 13 146 people tested in Round 2, 1171 people were HBsAg positive,
with a prevalence of 8.9%. By comparing the two rounds of screening, the HBV incidence rate
of 0.192 per 100 person-years was observed. By consulting electronic medical records, the
HBV onset rate of 0.533 per 100 person-years was obtained. We generated a simulated
model to replicate the real-world situation for the next two decades. To evaluate the effect
of interventions on regional HBV prevalence, three comparative experiments were conducted.
In this study, the regional hepatitis B epidemic in 20 years was predicted and compared
with HBV prevalence under different interventions. Owing to the existing challenges in
research methodology, this study combined HBV field research and simulation to provide a
system dynamics model with close-to-real key data to improve prediction accuracy. The simulation also provided a prompt guidance for the field implementation.

Introduction
HBV in China

© The Author(s) 2019. This is an Open Access
article, distributed under the terms of the
Creative Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0/), which
permits unrestricted re-use, distribution, and
reproduction in any medium, provided the
original work is properly cited.

The prevalence of hepatitis B varies greatly in different regions [1, 2], with the Asia-Pacific
region having a high prevalence rate for hepatitis B [3, 4]. According to Chinese national
HBVsero-epidemiological investigations in 2006, the estimated number of chronic HBV infections was 93 million in China [5]. The Chinese government has been conducting hepatitis B
vaccination for infants since 1992. After years of efforts, the HBsAg prevalence rate in people
aged under 20 years decreased significantly from over 10% (1992) [2] to under 2% (2006) [5].
Based on recent estimates, China has the highest HBV-infected population, but the number of
HBV-infected children aged under 5-years-old in China ranks 10th in the world [6]. Of the 16
countries with the highest number of HBV-infected children, China is the only country with a
hepatitis B three-needle vaccination rate of more than 90% [6]. This also proves the effect of
immune barrier conduction to control the prevalence of hepatitis B. However, HBsAg prevalence rate in the adult population remains relatively high ranging from 8% to 12% in China [5].
Community-based Collaborative Innovation-HBV project
The Community-based Collaborative Innovation (CCI) project is a national epidemiological
study on HIV/AIDS, tuberculosis and hepatitis B. Initiated in 2008, CCI-HBV project has
established seven provincial-/city-level demonstration areas nationwide, covering more than
1 500 000 residents. After signing the health contract, the interventions consist of dynamic
HBsAg screening for all residents, full-population vaccination for the uninfected people and
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a comprehensive normalised treatment for the patients including
hepatitis B antiviral treatment (nucleoside analogues (NAs)) as
well as symptomatic treatment [7, 8]. Electronic data were
uploaded to the specific cloud information platform, laying a
foundation for quality control and data analysis. Yuhuan
County is one of the 12 county-level demonstration areas in
Zhejiang Province. As a high prevalence area for hepatitis B in
southeast China, Qinggang Town in Yuhuan County, where neonatal hepatitis B vaccination program has been implemented very
well, was selected for further research.
System dynamic modelling
The system dynamics method was created in the 1950s by MIT
professor Jay Forrester. With his scientific and engineering background, Forrester attempted to use the laws of physics, especially
circuit rules, to study economic and social systems. Today, system
dynamics are often used in the long-term strategic models, which
assume high levels of object aggregation [9, 10]. To predict and
analyse the results of CCI HBV intervention, the high abstraction
simulation level – system dynamics model was chosen for the
evaluation. System dynamics model is suitable for integrating disease programs with prevention and control, especially for exploring the prevalence and spread of infectious diseases [11]. By
combining local specific hepatitis B epidemiological features
with system dynamics simulation, the prediction of the hepatitis
B epidemiology in Qinggang in the next 20 years was realised.
METHOD
Cohort management and data source
The HBV dynamic screening in Qinggang Town is a part of the
national hepatitis B demonstration project with a technical design
based on standard operation procedures (registration number:
country as Word −2013-L-00090505) [12]. In 2015, World
Health Organisation proposed the overall target of international
hepatitis B control through the eradication of viral hepatitis
which will be a major threat to public health by 2030. To achieve
this goal, CCI hepatitis B demonstration project was improved
through multi-dimensional intervention, which included the
dynamic hepatitis B screening, the normalised treatment for
hepatitis B infection group and the upcoming hepatitis B vaccination for all age groups from 2019.
Figure 1 shows the flow chart of HBV dynamic screening and
community management. To date, there are three community
clinics (the Qinggang Village Community Health Service
Station, the Broom Hill Community Health Service Station and
the Third Community Health Service Station) and one healthcare
centre (the Qinggang Town Healthcare Centre) in Qinggang
town, with a total of 58 community doctors and general practitioners (GPs). Since 2009, community doctors in clinics encouraged and signed health service contracts with all long-stay
residents in Qinggang (>6 months/year) with their informed consent. The GPs in health centre (teaming up with the community
doctors in clinics) organised a centralised HBV-related screening
including abdominal ultrasonography and serological tests of
HBsAg, HBeAg, ALT, anti-HCV, serum level of ALT and AFP.
After uploading the results in the corresponding electronic health
record, community doctors provided health consultation for
healthy people and designed the individualised treatment for
hepatitis B patients in different stages. Because of the outflow of
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young people and the HBV infant vaccination program, this
study focused on the hepatitis B transmission in the adult group.
Considering the small number of local adults who have been
actively vaccinated, the full-aged hepatitis B vaccination would be
initiated from 2019. Our target is to establish a health screening system covering all residents as it needs to be further improved.
By December 2016, the related data had been uploaded to
Infectious Disease Information Cloud Platform which was specifically built for CCI project data storage and analysis. With the
informed consent of participates, this study was approved by
the Human Research Ethics Committee of Zhejiang University
(HREC reference: 2009 Ethical Review/Scientific Research, No.
4) on 30 July 2009. During the implementation, the subject’s profiles were not used for any other irrelevant purposes and it was the
responsibility of the Ethics Committee to oversee any other ethical
issues.
Model structure and data analysis
The study had a lifetime horizon and held the perspective of a system dynamics model. The model structure (Fig. 2) was designed
according to the natural history of hepatitis B and CCI HBV
interventions. For the local population, the infected people were
classified by two criteria – diagnosis status and disease progression. Thus, the residents were divided into uninfected people,
immunised people, undiagnosed/diagnosed HBV carriers,
undiagnosed/diagnosed HBV chronic patients and undiagnosed/
diagnosed HBV complication patients.
According to the 2015 China Hepatitis B Prevention
Guidelines, the prevalence of hepatitis B in different regions varies
greatly. To simulate real event more precisely, the residents’ data
in CCI HBV screening was analysed and the specific incidence
rate and onset rate of hepatitis B epidemic in Qinggang Town
was obtained. It was assumed that, the level of hepatitis B incidence rate and onset rate were constant over time and remained
stable for the next 20 years. Due to the large differences in the
progression of hepatitis B among regions, the patients’ medical
records in HIS of Qinggang Healthcare Centre were reviewed to
determine the onset rate of hepatitis B virus carriers to chronic
hepatitis B patients. Since there were no patients with hepatitis
B complications in the first round of screening and 11 complications in the second round, the low value in the guideline was
adopted as the complication rate. In addition, an average of 10
years was used (triangulated) as survival time of hepatitis B complications based on proven research [13] and local specific characteristics. (Another factor that affected these flow rates in the
model, but was not indicated in Fig. 2, is the aging of the population, which affects disease epidemic such as HBV onset rate and
complication rate. For the sake of simplicity, the system dynamics
model did not depict the additional factor as done by previous
researchers [14]. However, by including the onset rate and the
complication rate factors in hepatitis B, the model captured the
consequences of age characteristics.)
The data were analysed using SPSS statistical analysis software
(version 24). The prevalence rate of hepatitis B was defined as the
number of HBsAg positive cases divided by the total number of
residents screened for HBsAg during one round of screening (4
years). The incidence rate of hepatitis B (per 100 person-years)
was defined as the number of HBsAg-negative people in the
first round of screening but testing positive in the second round
divided by the product of the number of people screened twice
and the follow-up interval (years). The onset rate was measured
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Fig. 1. The flowchart of CCI HBV field research.

in terms of the number of HBV carriers in Round 1 and progressing
as chronic patients in Round 2 divided by the product of the number of people screened twice and the follow-up interval (years).
Comparative experiments under different parameters of
hepatitis B management strategy
To evaluate the effect of CCI HBV management on local HBV
prevalence, comparative experiments for the system dynamics
model could provide some answers. Here, we chose three of
many possible scenarios for comparison with the baseline.
Enhanced vaccination of hepatitis B
Generally, the population born before 1992 was not administered
with hepatitis B vaccine in Qinggang town. According to the

screening results, few adults were HBsAb positive. Through simulation experiments, a full-aged HBV vaccination was conducted
under different immune parameters.
Increased management of hepatitis B screening
The fraction of hepatitis B detection management with dynamic
screening and regular follow-up could be summarised as a parameter. By comparing the different prevalence situation under different
detection parameters, the impact of the diseases detecting measure
on the local hepatitis B prevalence could be intuitively seen.
Increased management of hepatitis B normalised treatment
According to Chinese Hepatitis B Prevention Guidelines (2015
version), regular treatment of eligible hepatitis B patients could
significantly improve the prognosis. At the moment, Interferon-a
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Fig. 2. The overview of model structure, showing the population stocks and flows, including three parameters of community interventions.

(INF-a) is rarely accepted because of the side effects. The major
treatment for HBV patients in Qinggang area is normalised
NAs antiviral therapy. The treatment parameter represents the
effect of standardised treatment that meets the guidelines.
Result
The HBV screening and following-up of community cohorts
Table 1 presents the results of community HBV screening. So far,
two rounds of HBV screening have been completed in Qinggang
Town (2009–2012, 2013–2016). There were 12 228 people (5398
males and 6380 females) participating in HBV screening in
Round 1 (2009–2012) with HBsAg positive prevalence of 8.5%
(95% CI 8.0%–9.0%), consisting of 567 HBsAg positive males
and 474 positive females, with the prevalence of 10.5% (95% CI
9.7%–11.3%) and 6.9% (95% CI 6.3%–7.5%), respectively. Of
the 13 146 people tested in Round 2, 1171 people were HBsAg
positive, with the prevalence of 8.9% (95% CI 8.4%–9.4%). Of
the 6050 males tested in round 2, 661 were HBsAg positive, yielding a positive rate of 10.9% (95% CI 10.1%–11.7%). Of the 7096
females tested in round 2, 510 were HBsAg positive, with a positive rate of 7.2% (95% CI 6.6%–7.8%). The HBsAg positive rates
varied widely among age groups. The positive rate of HBsAg in

the 40–44 and 45–49 years was the highest (12.9% and 12.4%
in Round 1, 13.3% and 13.4% in Round 2) during the two rounds
of screening. The P value of the HBsAg prevalence was <0.05%
between the two rounds, indicating that the local hepatitis B epidemic was stable.
By comparing the two rounds of screening, a total of 6377 people in the fixed cohort born before 1992 participated in both
rounds of screening, including 470 HBsAg positive cases in
Round 1 and 519 HBsAg positive cases in Round 2 (Table 2).
By 2016, there were 49 people who were newly infected and the
cohort interval of the follow-up was 4 years. As a result, HBV incidence rate in Qinggang Town was 0.192 per 100 person-years. By
querying historical medical records, a total of 253 chronic hepatitis B patients were found in the first round and 389 in the second
round with the cohort interval of the follow-up was 4 years. Thus,
the hepatitis B onset rate was 0.533 per 100 person-years, which
represented the progress of HBV carriers to CHB patients.

Output of hepatitis B epidemic situation modelling after 20
simulated years
To replicate the real-world situation, a simulated model of 41 197
agents was generated (long-stay population born before 1992 in
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Table 1. HBV prevalence in different genders and age groups in two rounds of screening
Sample size
Groups

Round 1

No. of HBsAg positive

Round 2

HBsAg positive rate(%)

Round 1

Round 2

Round 1

95% CI

Round 2

95% CI

10.9

10.1–11.7

Males

5398

6050

567

661

10.5

9.7–11.3

Females

6830

7096

474

510

6.9

6.3–7.5

7.2

6.6–7.8

0–24

2

159

1

9

–

–

5.7

2.0–9.3

25–29

13

275

3

37

–

–

13.5

9.4–17.5

30–34

87

444

18

65

20.7

1.2–29.4

14.6

11.3–17.9

35–39

145

663

14

84

9.7

4.8–14.5

12.7

10.1–15.2

40–44

419

828

54

110

12.9

9.7–16.1

13.3

11.0–15.6

45–49

1197

968

148

130

12.4

10.5–14.2

13.4

11.3–15.6

50–54

1466

1161

155

150

10.6

9.0–12.1

12.9

11.0–14.9

55–59

1475

1093

155

116

10.5

8.9–12.1

10.6

8.8–12.4

60–64

1842

1456

154

153

8.4

7.1–9.6

10.5

8.9–12.1

65–69

1637

1871

119

119

7.3

6.0–8.5

6.4

5.3–7.5

70–74

1119

1242

83

79

7.4

5.9–9.0

6.4

5.0–7.7

75–79
>80
All

980

991

53

45

5.4

4.0–6.8

4.5

3.2–5.8

1846

1995

84

74

4.6

3.6–5.5

3.7

2.9–4.5

12 228

13 146

1041

1171

8.5

8.0–9.0

8.9

8.4–9.4

Table 2. HBV prevalence in different genders and age groups in fixed cohort
Round 1

Groups

Group size

No. of
HBsAg positive

Round 2

HBsAg
positive rate(%)

95% CI(%)

No. of
HBsAg positive

HBsAg
positive rate(%)

95% CI(%)

11

3

27.3

−4.1–58.7

3

27.3

−4.1–58.7

30–34

70

15

21.4

11.6–31.3

16

22.9

12.8–32.9

35–39

107

8

7.5

2.4–12.5

7

6.5

1.8–11.3

40–44

254

37

14.6

10.2–18.9

36

14.2

9.9–18.5

45–49

545

56

10.3

7.7–12.8

67

12.3

9.5–15.1

50–54

683

61

8.9

6.8–11.1

79

11.6

9.2–14.0

55–59

663

57

8.6

6.5–10.7

76

11.5

9.0–13.9

60–64

887

71

8.0

6.2–9.8

86

9.7

7.7–11.6

65–69

949

57

6.0

4.5–7.5

57

6.0

4.5–7.5

70–74

643

44

6.8

4.9–8.8

39

6.1

4.5–7.9

75–79

518

24

4.6

2.8–6.4

19

3.7

2.0–5.3

25–29

>80

1047

37

3.5

2.4–4.7

34

3.2

2.2–4.3

All

6377

470

7.4

6.7–8.0

519

8.1

7.5–8.8

Qinggang Town1), including 280 diagnosed carriers, 1529 undiagnosed carriers, 228 diagnosed CHB patients, 1245 undiagnosed
patients, 11 diagnosed complications and 60 diagnosed complications (consistent with the fixed cohort in the end of Round 1 and
2 in 2016). The model then simulated the next two decades (7300

1

This data came from Yuhuan City Statistics Bureau.

days). As a baseline scenario, it was assumed that there was no
further change in the HBV incidence rate, the hepatitis B onset
rate and the hepatitis B complication rate. The simulation parameters affecting the detection and treatment of HBV remained
fixed through the period. Figure 3 presents selected out-put generated by simulating the model through a historical period starting in 2017 into the future through 2036. The number of
uninfected people who received HBV vaccine had generally
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Fig. 3. The 20-year HBV epidemic forecast in Qinggang, including diagnosed HBV carriers/patients/complications as well as immunised group.

increased since 2019 (1% of the uninfected per year). The
dynamic screening contributed towards finding undiagnosed
HBV carriers/patients, who had gradually reduced over all these
years. According to the outputs, there would be 4137 vaccine recipients, 2455 diagnosed carriers, 276 diagnosed chronic patients
and 22 diagnosed complication patients, with 452 missed carriers,
41 missed chronic patients and 11 missed complication patients
by the end of 2036. It should be noted that the model-output
does not imply that its predictions will definitely happen in the
future, but it does provide a rapid indicator of intervention
implement.
Figure 3 depicts hepatitis B prevalence and disease progression
from 2017 to 2036. Overall, the total number of HBV infections
was slightly reduced in the local region. The implementation of
dynamic screening led to an increase in the number of diagnosed
hepatitis B carriers and at the same time, the number of undiagnosed carriers gradually decreased. Still, it would be unrealistic to
find all the infections. According to output of Figure 3, if 1% of
the uninfected people were immunised every year, the number
of people with protective antibody would catch up with the number of diagnosed carriers after 2500 days (<7 years) of vaccine
implementation and would catch up with all infected people
after 4900 days(<14 years).
The outputs of the three variables on the hepatitis B prevalence
are shown in Figure 4–6. For clarity, the time of simulation started
on 1 January 2017 and the X-axis and Y-axis range of some figures were narrowed. For each of the comparison test, these figures
showed how interventions would alter the prevalence of local
HBV status in the future.
Enhanced vaccination of hepatitis B
Based on the previous survey, it was assumed that hepatitis B vaccination rate per year in people born before 1992 was very low
(<1‰ per year of the uninfecteds). The HBV immunisation project for all age groups in Qinggang is scheduled to begin in 2019
and this factor was considered in this study. Figure 4 indicates
that, the intervention by full-aged HBV immunisation plan ultimately leads to a significant reduction in the number of diagnosed
carriers in the future. The flow-out of the susceptible population,
in turn, slows the number of HBV-related infections. The following is a comparison of four immunisation rates (0%, 1% and 5%/
year of the uninfected population, respectively). As the

immunisation rate increases, the number of hepatitis B carriers
and patients in the community consequently decreases. This strategy ensures that the establishment of the immune barrier contributes to the prevention and control of hepatitis B.
Increased management of hepatitis B screening
Due to the complexity of reality, it was impossible to make
every resident in Qinggang participate in every round of screening.
Thus, the screening strength was summarised into this parameter –
the detection parameter. It was defined as the number of participants in one round of screening divided by the local long-staying
residents. As a result of this intervention, more undiscovered
HBV-related infections would be diagnosed. In the absence of
hepatitis B screening, most of the local hepatitis B infections are
hiding in the community. Once screening is started, the number
of HBV-related cases increased, reflecting in diagnosed HBV carriers, patients and complications as well (Fig. 5). By summarising
the screening effect as a parameter, it can be seen that as the
screening intensity increases (0, 0.05, 0.10, 0.15, 0.20, 0.25), the
growth rate of diagnosed carrier number in Figure 5a gradually
become slower and the number of patients in Figure 5b increased
synchronously. In a word, the growth rate of chronic hepatitis B
patients gradually decreased in Qinggang town after most of the
potential infections were diagnosed.
Increased management of hepatitis B normalised treatment
As a result of this intervention, the number of HBV infection
declined. By summarising the effect into a treatment parameter,
the HBV-related treatment for the infected people could reduce
the number of hepatitis B carriers, hepatitis B patients and hepatitis B complications as well (Fig. 6, Treatment Parameter = 0, 0.1,
0.3, 0.5, 0.7). The decline of local HBV carriers is observed in the
simulated contrast experiment, which reduced the number of
patients and complications. Besides, the normalised treatment
slows down the disease progress and reduces the number of
onset patients and complications. The number of patients with
complications would be more pronounced at the end of the simulation due to many reasons including survival time of complication patients. By comparing the prevalence rate under different
treatment parameters, it could be seen that as the intensity of
treatment implementation increases, the number of HBV infections gradually decreases. Similarly, due to the actual situation,
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Fig. 4. Comparison of epidemic forecast under different immunisation rates.

Fig. 5. Comparison of epidemic forecast under different detection rates.

it is unrealistic to perform comprehensive treatment for all
patients and the treatment cannot be effective for all patients.
This parameter is also unlikely to reach 100%.
Discussion
Public health research, in China and elsewhere, is increasingly
focusing on policy implement. To improve efficiency, it is urgent
to develop a tool to fully identify those healthcare policies and

interventions to avoid the waste of time and manpower. As
model simulation thriving in many fields, it is imperative to combine the strength of field research and simulation experiment in
disease prevention. After two rounds of screening and follow-up
for long-staying residents by 2016, some HBV epidemiological
features in Qinggang were obtained to accurately predict local
HBV prevalence status. In particular, this study could improve
understanding of several aspects in HBV prevention and control
in the community.
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Fig. 6. Comparison of epidemic forecast under different treatment rates.

First, the study presented an example to identifying the interventions of diseases control. With the key data that fit local HBV
epidemiological characteristics being collected, the regional prevalence in the future was predictable based on simulation. By summarising the implementation effects of three interventions into
key parameters, we could compare the prevalence status under
different intensity. This method not only has a reference value
for hepatitis B control but holds significance for the prevention
and control of other infectious and chronic diseases. For example,
the management of diabetes and hypertension can be combined
with field investigation and computer modelling to utilise field
investigation for reliable data and dynamic modelling for prediction and reference, conversely. Besides, this model can be used for
health economics research. With further cost calculation function,
the cost of various policies during various disease stages can be
calculated dynamically.
Second, the role of the immune barrier in the prevention and
control of hepatitis B was quantified and visualised. Many studies
have demonstrated the effect of the immune barrier on the disease
prevention and treatment [6, 7, 15]. From the perspective of disease control, it holds greater meaning to maintain a healthy community rather than treat the infected patient in the hospital.
However, HBV vaccination among adults in China is not yet
active [2] and the coverage of adult HBV vaccination is very
low. This fact, combined with the highest HBV prevalence in
the age group of 35–39 was 9.93 (95% CI 8.93%–9.73%) [7], is
leading to a crisis that adults born before 1992 could be more vulnerable to hepatitis B virus. According to the 2010 National
Population Census, there were one billion adults born before
1990 in 2010 [16]. To use vaccination as the HBV control strategy,
public health policies would target healthy adults in rural areas.
According to this study, the increase in the number of vaccinated
people also slowed the spread of hepatitis B, which was reflected
in the decreasing slope of the curves representing hepatitis B
infected people. On the other hand, full-aged HBV immunisation

allows more adults to receive hepatitis B vaccine. As the curve
gradually become flat, the establishment of HBV immune barrier
results in a lower incidence of hepatitis B infection and a lower
onset rate of local chronic hepatitis B patients. However, the number of healthcare providers in Qinggang is limited. If the number
of people needing to be immunised is exceeding the load capacity
of the local community healthcare system, the decline of hepatitis
B carriers would not perform as expected. After considering the
community workload and immune effect, we recommend 1%–
5% of the uninfecteds as the immunisation rate per year. In
other words, they need to vaccinate about 400–2000 people per
year, which is decreasing year by year. The intensity of the
immunisation should be fully adapted to the capability of the
local community healthcare provider.
Third, the intervention for HBV infection cases needs to be
diverse. After hepatitis B dynamic screening in the community,
more undiagnosed HBV cases are found and included in the follow-up cohort. This explains the increase in diagnosed HBVinfection groups caused by dynamic screening. This increase
was not due to a spurt growth in hepatitis B new infections.
Rather, many patients were not aware of the necessity of regular
medical examinations and have long been unknown of their disease conditions without screening. In a word, improving the
screening capacity of the local community helps to fundamentally
minimise the source of infection. Meanwhile, the usefulness of
detection and treatment parameters may contribute to evaluate
the efficiency of community interventions. By comparing predictions and realities, the performance of local hepatitis B
screening can be assessed. Nomograms are in preparation for
intervention effect evaluation in screening and treatment, respectively. Besides, social work organisation and patient support teams
also play a role in improving patient compliance in the
community.
Hepatitis B infection remains a serious public health problem
worldwide [3, 17–19]. In 2017, the reported cases of notifiable
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infectious diseases in China were 7 030 879, of which the number
of HBV cases was 1 001 952 including 425 deaths [20]. In other
words, hepatitis B accounted for 7.02% among all reported infectious cases in 2017 in China. According to recent research, the
prevalence of HBsAg in China in 2016 was estimated to be
6.1% (95% CI 5.5%–6.9%) and the number of HBsAg-positive
people was approximately 86.607 million. The number of patients
needing treatment was 32.315 million, the actual number of
patients treated was 3.5 million, the treatment rate was 11% and
the number of diagnoses was 16.058 million with the diagnose
rate of only 19% in 2016 [6]. In Zhejiang province, it is reported
that the HBsAg carrier rate varied from 5% to 13% [21]. In the
face of the low diagnostic rate and low treatment rate of HBV
infection, a more diversified approach is needed to deal with
this public health threat. To explore an efficient and affordable
strategy of HBV control, CCI HBV demonstration area project
was initiated in 2009. Combined with the progress of Chinese
New Medical Reform, the project was committed to integrating
community medical centres and clinics, focusing on communitylevel intervention: (1) it achieved HBV dynamic screening for
residents through community medical gridding and helped to
locate the source of infection in community; (2) it provided the
normalised treatment for hepatitis B infections promptly, to
slow the progression of the disease and reduce the complications
occurrence; (3) the full population coverage (including adults,
teenagers, children and new-borns) of hepatitis B vaccination in
the community will start from 2019 and its effect will be observed.
System dynamics modelling of high-level abstraction can be
used to structure predictive model of hepatitis B. The computer
modelling actually creates a sandbox, in which many policies,
interventions and capacities can test their efficacy and efficiency
as well. Without making large sunk-cost for uncertain outcomes,
it is possible to have the evidence-based performance for the
disease interventions based on visualisation and dynamics.
Nowadays, there are already many modelling solutions for
medical applications. Instead of applying average data to a large
group/region, the most obvious feature of this study is the implementation of specific epidemiological simulation in the corresponding community. For other regions, the data may be
different, but the method is consistent.
Besides such extensions, more work remains in epidemiological data collection and analysis. Based on reality, the aging
of the local population in the cohort affected the spread and
development of the disease in many aspects. The impact of this
demographic imbalance on the model is not known and there
is a need for further expansion of the breadth of data collection
to obtain more information which is consistent with the reality.
A medium abstract level simulation needs to be elaborated to a
specific internal situation of HBV infection group, focusing on
individual changes within the population. Moreover, it is necessary to encourage more people to participate in local hepatitis B
screening to improve the effectiveness and accuracy of interventions. In summary, there is a need to continue the multidimensional management of hepatitis B and get closer-to-real
information as much as possible to improve the prediction accuracy of the simulation. In conclusion, this simulation modelling
and experimentation could help public health policymakers to
better evaluate the effects of intervention in infectious diseases
as well as other chronic diseases.
Author ORCIDs.

Bing Ruan, 0000-0003-4114-816X.

9
Acknowledgements. The cooperation of community healthcare institutions
and local government of Qinggang is highly appreciated. Special thanks go to
all the healthy residents, HBV carriers and patients involved in this study.

References
1. Ott JJ et al. (2012) Global epidemiology of hepatitis B virus infection: new
estimates of age-specific HBsAg seroprevalence and endemicity. Vaccine
30, 2212–2219.
2. Chen YS, Wang XX and Shang PH (2007) The study of tendency of
hepatitis B virus surface antigen in Chinese population. Chinese Journal
of Experimental and Clinical Infectious Diseases 1, 36–40.
3. Trépo C, Chan HLY and Lok A (2014) Hepatitis B virus infection. The
Lancet 384, 2053–2063.
4. Howell J et al. (2014) Overview of hepatitis B prevalence, prevention,
and management in the Pacific Islands and Territories. Journal of
Gastroenterology and Hepatology 29, 1854–1866.
5. Liang X et al. (2009) Epidemiological serosurvey of hepatitis B in China–
declining HBV prevalence due to hepatitis B vaccination. Vaccine 27,
6550–6557.
6. Razavi-Shearer D et al. (2018) Global prevalence, treatment, and prevention of hepatitis B virus infection in 2016: a modelling study. The Lancet
Gastroenterology & Hepatology 3, 383–403.
7. Yang S et al. (2015) Protective immune barrier against hepatitis B is
needed in individuals born before infant HBV vaccination program in
China. Scientific Report 5, 18334.
8. Yang S et al. (2017) Prevalence and influencing factors of hepatitis B
among a rural residential population in Zhejiang Province, China: a crosssectional study. BMJ Open 7, e014947.
9. Ogata K et al. (2013) New computer model for prediction of individual
10-year mortality on the basis of conventional atherosclerotic risk factors.
Atherosclerosis 227, 159–164.
10. Kaul H and Ventikos Y (2015) Investigating biocomplexity through the
agent-based paradigm. Brief Bioinform 16, 137–152.
11. Jones AP et al. (2006) Understanding diabetes population dynamics
through simulation modeling and experimentation. American Journal of
Public Health 96, 488–494.
12. Li LJ and Li L (ed.) (2012) Standard Operation Procedure for major
Projects of National Science and Technology of Infectious Disease: The
Community Comprehensive Prevention and Control of major Infectious
Diseases, vol 89 Beijing: Science Press,.
13. Fattovich G, Bortolotti F and Donato F (2008) Natural history of chronic
hepatitis B: special emphasis on disease progression and prognostic factors. Journal of Hepatology 48, 335–352.
14. Honeycutt AA et al. (2003) A dynamic Markov model for forecasting diabetes prevalence in the United States through 2050. Health Care
Management Science 6, 155–164.
15. Yu R, Fan R and Hou J (2014) Chronic hepatitis B virus infection: epidemiology, prevention, and treatment in China. Frontiers of Medicine 8, 135–144.
16. National Bureau of Statistics of China Web site. Population by region in
1–1. Available at http://www.stats.gov.cn/tjsj/pcsj/rkpc/6rp/indexch.htm.
Accessed in 2010.
17. Torpy JM, Burke AE and Golub RM (2011) Hepatitis b. JAMA 305,
1500–1500.
18. Yim HJ and Lok AS-F (2006) Natural history of chronic hepatitis B virus
infection: what we knew in 1981 and what we know in 2005. Hepatology
(baltimore, Md ) 43, S173–S181.
19. Caley M et al. (2012) Diﬀerences in hepatitis B infection rate between ethnic groups in antenatal women in Birmingham, United Kingdom, May
2004 to December 2008. Eurosurveillance 17, 26–31.
20. Chinese Centre for Disease Control and Prevention. National Data of
Notifiable Diseases in2014.http://www.moh.gov.cn/jkj/s3578/201502/
847c041a3bac4c3e844f17309be0cabd.shtml. Accessed 2016.
21. Yang SG et al. (2012) Effectiveness of HBV vaccination in infants and
prediction of HBV prevalence trend under new vaccination plan: findings
of a large-scale investigation. PLoS One 7, e47808.

Downloaded from https://www.cambridge.org/core. IP address: 3.227.254.12, on 16 Sep 2019 at 13:00:03, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0950268819000220

