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1 Background
1.1. The HIV/AIDS spread situation in Liangshan

• Liangshan Yi Autonomous Prefecture is located at the edge of the Yunnan
and Guizhou provinces and lies in the golden triangle leading to inland and
coastal China, which is also an important passage for drug transport.

• The statistics of the number of addicts registered in the drug-substitution
program indicate that the number of addicts has an obviously increasing
trend since 1997. With IDU as the main mode for the HIV spread, Liangshan
is one of the highest HIV prevalence areas in China.

http://www.shu.edu.cn
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• According to the traditional concept of sex and sexual practices, the Yi ru-
ral youths have more sexual partners as well as premarital and extramari-
tal sexual behaviors. These provide an environment for the spread of the
HIV/AIDS epidemic. The investigations from the Liangshan Disease Con-
trol Department show that HIV high-risk areas with active sexual activities
have further accelerated the spread of HIV.

In Liangshan, the HIV/AIDS epidemic has spread to 17 counties with 17,651
cumulative HIV cases. It is estimated that the existing HIV infections and cases
were 43,643 in Liangshan in 2009, which accounts for 51.17 percent of the
estimated numbers of Sicuan province.

http://www.shu.edu.cn
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1.2. Butuo: Hardest hit by HIV infection

• Butuo is located in the southeast County of Liangshan. Yi accounts for
94% of the total 14.5 million people. It is a typical agricultural community.
Annual per-capita income of farmers is 1,435 RMB (about US$ 200).

• The screening results of 30,000 people (15-69 ages) in Butuo in 2008 show
that the HIV infection rate was 7.02%.

• Except the self-infection transmission in IDUs, HIV-AIDS begins to spread
to the general population; even AIDS families have appeared.

http://www.shu.edu.cn
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1.3. Features of HIV/AIDS epidemic and the difficulties in preven-
tion and control HIV/AIDS in Liangshan

• One of the highest HIV prevalence areas in China, with IDU as the main
mode for the spread of HIV. Transmission from high risk groups to the gen-
eral population has been accelerated through sexual transmission;

• Sluggish economic development, lack of capability of preventing diseases
amongst poor populations;

• Capability of prevention and control teams is poor and the number is also
inadequate, which can not provide the complex Anti-Retroviral treatment;

• Migration has triggered the spread of HIV, which leads to difficulty in pre-
vention and control;

http://www.shu.edu.cn
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1.4. Purpose and method

• Purpose: By learning from the successful experience of China’s eradica-
tion of sexually transmitted disease and concentrative management in Cuba,
it sets up a union of agriculture, industry and commerce in Liangshan, which
is combined with interventions and vocational skill training, resettling and
training unemployed HIV positive people and drug users. It can effectively
control the HIV epidemic in Liangshan, and simultaneously have an oppor-
tunity to train these people and make them to return to society.

• Method: On the basis of the raw data of AIDS prevention and control in
Liangshan and Butuo, we set up a transmission dynamics mathematical
model for AIDS prevention and control, which is mainly voluntary ”farm
management”. Fitting and forecast were made to this model and the others,
to find out the prevention and control results of the HIV epidemic in the next
20 years, in order to optimize the selected control strategies in Liangshan.

http://www.shu.edu.cn
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1.5. Previous work on mathematical models

• Model 1: Universal voluntary HIV testing with immediate antiretroviral
therapy as a strategy for elimination of HIV transmission: a mathematical
model, Reuben M Granich, Charles F Gilks, Christopher Dye, Kevin M
De Cock, Brian G Williams, Lancent, 2008.

– Authors assumed that all HIV transmission was heterosexual;

– Using a deterministic transmission model authors explored long-term
dynamics of the HIV epidemic of testing all people for HIV every year
and starting people on ART immediately after they are diagnosed HIV
positive;

– Authors found that, universal voluntary HIV testing and immediate ART,
combined with present prevention approaches, could have a major effect
on severe generalised HIV/AIDS epidemics.

http://www.shu.edu.cn
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• Model 2: Expanded Access to Highly Active Antiretroviral Therapy: A
Potentially Powerful Strategy to Curb the Growth of the HIV Epidemic,
Viviane D. Lima, Karissa Johnston, Robert S. Hogg, Adrian R. Levy,
P. Richard Harrigan, Aranka Anema, and Julio S. G. Montaner, The
Journal of Infectious Diseases, 2008; 198:59õ67.

– A mathematical model was developed to assess the expansion of HAART
coverage among individuals testing newly positive for HIV in British
Columbia over the next 25 years.

– Conclusion: expansion of HAART lead to great reductions in the growth
of the HIV epidemic and related costs, which provide powerful additional
motivation to accelerate the roll out of HAART programs.

http://www.shu.edu.cn
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2 Our model

• We consider populations aged 15 years to 70 years in Butuo County.

• A compartment model (SI1I2I3I4) is built to describe the HIV spread in this
population.

• According to the individual’s health status, the total population is divided
into two categories: susceptible individuals (G) and infectious individuals
(I).

• In accordance with the characteristics of individual behavior, the total pop-
ulation can be divided into two categories: injection drug users (IDUs) (su-
perscript d) and non-IDUs (superscript s).

• Every individual is in the mutually exclusive and collectively complemen-
tary compartments: healthy IDUs, healthy non-IDUs, infected IDUs (di-
vided into four stages), and infected non-IDUs (divided into four stages).

http://www.shu.edu.cn
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2.1. Assumptions

• Healthy IDUs can be infected by HIV through both heterosexual transmis-
sion and needle sharing in IDUs. However, healthy non-IDUs can be in-
fected by HIV through only sexual behavior;

• Because of the special feature of common sexual practice in this country,
casual sex exists in this population. We suppose the total population is well
mixed, i.e., when an healthy individual is infected by HIV, this individual
can be infected by infected IDU, or by infected non-IDU;

• HIV infected individuals will die after four infected stages (benefits of this
partition: we can easily compare the difference of therapy effects for differ-
ent therapy stages);

• Treated HIV infected individuals go to corresponding compartment (T ).
Also, we suppose for some reason, they might also stop treatment or the
treatment might become ineffective, in which case they return to the corre-
sponding non-ART state at corresponding rate;

• Treated HIV individuals still are 5% infectious;

• Living time of treated HIV individuals are two times of these non-treated
individuals.

http://www.shu.edu.cn


 

 

 

Background

Our model

The basic reproductive . . .

Data fitting, . . .

Conclusion and . . .

Acknowledgements

Home Page

Title Page

JJ II

J I

Page 12 of 38

Go Back

Full Screen

Close

Quit

2.2. The ”farm” concept

When adding the ”farm management” strategy inside the model, we should add
a new compartment (denoted by subscript Q). Standing assumptions are as
follows:

• Healthy IDUs and HIV infected individuals (include IDUs and non-IDUs)
enter farms to work at a certain rate every year;

• The farms run in commuting patterns, so healthy IDUs who work in farm
still have chance to be infected (by HIV infected individuals in and outside
farms). Also, HIV individuals who work in farms still have chance to infect
healthy individuals inside or outside farms, i.e., individuals inside or outside
farms still can infect each other with certain probabilities;

• Individuals working in farm will reduce their risk behaviors by certain de-
grees, whether the number of sexual partners or drug injection;

• The coverage and retention of ART, methadone, needling changing and con-
doms inside farm are higher than that of outside.

http://www.shu.edu.cn
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2.3. The model (Flow diagram)

http://www.shu.edu.cn
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2.4. Parameters description

The transmission rates through sex behavior and needle sharing, βs and βd, are
described by the following formulas:

βs = nsδhs(1− ηθ)(1 + µψ),

βd = ndphd(1− ξζ)(1− ωπ).

• ns, nd: ] of sexual encounters or injections per year for a healthy individual;

• δ: the proportion of casual sex for healthy individuals;

• p: the probability of sharing a needle with other IDUs for healthy IDUs;

• hs, hd: probability of transmission through sexual contact or through con-
taminated needles;

• η, θ: coverage rate and using rate of condom;

• ψ, µ: proportion with STI and multiplication factor of STI for HIV;

• ξ, ζ: coverage rate and retention rate of needle changing;

• ω, π: coverage rate and retention rate of methadone treatment.

http://www.shu.edu.cn
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2.5. Therapy strategies

We will consider two kinds of therapy strategies:

• Partial treatment: Therapy infected individuals whose CD4 <= 350;

• Complete treatment: Regardless of the infection stages, therapy will be
carried on once infected being discovered.

http://www.shu.edu.cn
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3 The basic reproductive number R0

• Following the ”next-generation operator” method of Diekmann, Heester-
beek and Metz, we got the basic reproductive number of the natural system
(without isolation) as follows:

R0 =
Ω1

2
+

1

2

√
Ω2

1 − 4Ω2,

The details of the calculation of R0 is omitted.

• An equivalent basic reproduction number also can be obtained following the
recipe of van den Driessche and Watmough (2002).

http://www.shu.edu.cn
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3.1. Uncertainty analysis of R0

When parameter estimation is uncertain, it may be appropriate to treat each
input parameter as a random variable with a corresponding probability density
function (PDF), to sample from these PDFs, and then to derive a frequency
distribution forR0 (Blower SM, et.). The following figure shows the histograms
of the values obtained from Latin hypercube sampling for the input parameter
variables. These results are from replication 1, with a sample size of 1000.

http://www.shu.edu.cn
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Following these parameter sample values, distribution for R0 is shown in the
following Figure. x-coordinate: value of R0; y-coordinate: value of R0 prob-
ability density (not probability). The probability of R0 is in direct proportion
with the height of the blue rectangle at one site of the x-coordinate. It is found
that R0 has the greatest probability when it is located between 1 and 3, which
means R0 is most probably greater than 1 and less than 3.

http://www.shu.edu.cn
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3.2. Sensitive analysis of R0

Sensitivity analysis is namely designed to analyze the influence of each param-
eter on R0. Column I shows the parameters selected. Column II shows the
corresponding PRCC value (Partial Rank Correlation Coefficients) of each pa-
rameter (only located between 0 and 1), whose magnitude is in direct proportion
with the influence of each parameter onR0. The larger the PRCC absolute value
is, the more important the parameter is on R0. Plus or minus means the influ-
ence is positive or negative respectively. Column III puts the parameters in order
from large to small according to its absolute value.

Parameters PRCCs Importance Description
δ 0.3674 nd ] of injections per year

ns 0.3576 p the probability of sharing needle

nd 0.7085 ζ retention rate of needle changing

ψ 0.0901 δ the proportion of casual sex

p 0.6318 ns ] of sexual encounters per year

θ -0.1846 θ using rate of condom

ζ - 0.4282 ψ proportion with STI

π -0.0563 π retention rate of methadone treatment

http://www.shu.edu.cn
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3.3. Contour plots of R0 as the two most sensitive parameters

The figure illustrates the feasibility of controlling the HIV epidemic within Bu-
tuo via controlling injection number and share needle with other IDU.

http://www.shu.edu.cn
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4 Data fitting, predictions and cost analy-
sis

http://www.shu.edu.cn
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4.1. Parameter values in the following simulations

http://www.shu.edu.cn
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4.2. Fitting the raw data of Butuo

A fitting is carried out with the data of previous years’ epidemic situation and
AIDS relative work from Liangshan and Butuo of Sichuan province. An appro-
priate model is calculated to predict the next 20 years of the HIV-1 epidemic
situation of Butuo. The past 5 years’ data: HIV infection rate of Butuo rose
from 4.9% in 2004 to 7.02% in 2008, in which IDU accounted for 60% while
sexual intercourse accounted for 40%.

http://www.shu.edu.cn
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4.3. Predictions

We will compare three different situations of HIV spreading in the next 20 years
in Butuo from 2009:

• Current pattern: the current percentages of antiviral therapy coverage are
10%, 15% and 20% in the first 3 years.

• Enhanced management: The percentages of antiviral therapy coverage
are 20%, 40% and 60% in the first 3 years. Other behavior intervention
measures coverage percentage and maintaining percentage rose higher than
before.

• Farm management: IDUs and HIV infections enter farm at certain rates in
the first 3 years. The percentages of therapy coverage are 85%, 90%, and
95% in farm in the first three years respectively. The behaving intervention
measure’s coverage percentage and maintaining percentages are quite high
in farm. The management of the outside contains native state.

http://www.shu.edu.cn
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4.3.1. Prediction-1: Prevalence of HIV infections in total populations of
Butuo

http://www.shu.edu.cn
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4.3.2. Prediction-2: Prevalence of HIV infections in IDUs of Butuo

http://www.shu.edu.cn
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4.3.3. Prediction-3: Prevalence of HIV infections in Non-IDUs of Butuo

http://www.shu.edu.cn
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4.3.4. Prediction-4: HIV newly-infected in total populations of Butuo
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4.3.5. Prediction-5: Comparison of HIV newly-infected number in IDUs
populations and non-IDUs population

http://www.shu.edu.cn
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4.3.6. Prediction-6: Number of AIDs-death in Botuo under different man-
agement

http://www.shu.edu.cn
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4.3.7. Sensitive analysis: Prevalence of HIV in Butuo under three differ-
ent farm enter-rate in the first three years

http://www.shu.edu.cn
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4.3.8. Sensitive analysis: Prevalence of HIV in Butuo under two different
concentrative managements

http://www.shu.edu.cn
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4.4. Cost analysis

http://www.shu.edu.cn
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5 Conclusion and recommendations
5.1. Conclusion

• With treatment, care, and social support as a starting point, farm manage-
ment has been providing strong scientific guidance in reducing the HIV
prevalence in Butuo. Through the integration innovation and indepen-
dent innovation of medical biology and behavioral prevention technologies,
through transmission dynamics of mathematical models, we compared and
forecasted the different outcomes of HIV epidemic in different kinds of pre-
vention management, in order to optimize selected control strategies.

• Model shows that, farm management is considered to be the effective tem-
porary and permanent solutions. Also, under farm management, complete
treatment and partial treatment may achieve similar control efficiency. Par-
tial treatment is obviously a better choice since it only needs little manpower,
physical resources, and financial resources, and can achieve the best control
efficiency.

http://www.shu.edu.cn
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5.2. Challenges in the implementation

• Policy feasibility: Liangshan is so poor that most of the people become mi-
grant workers, and there is a lack of knowledge of HIV. Government should
strengthen leadership in prevention and control. The staff should pay more
attention to the epidemic of HIV. The capability of public health at the local
level is not adequate and stable.

• Resource integration: The resources of key projects in national poverty-
alleviation and development have been distributed in various areas, which
cannot have a whole planning and use properly. There are different kinds of
investigations in Liangshan, but they haven’t communicated with each other
so that the resources and results cannot be shared.

• Culture adaptation: There is tremendous pressure to the traditional Yi Mi-
nority because the traditional culture and habits have been broken by the
rapid changes in society. Because of lack of knowledge, they cannot be
integrated into the society, which leads to many kinds of problems.

http://www.shu.edu.cn


 

 

 

Background

Our model

The basic reproductive . . .

Data fitting, . . .

Conclusion and . . .

Acknowledgements

Home Page

Title Page

JJ II

J I

Page 36 of 38

Go Back

Full Screen

Close

Quit

5.3. Recommendations

• Searching for government support to invest more human, material, and fi-
nancial resources; focusing on all society involvement; organizing various
forms of training and education activities so that more people will be con-
cerned about their own health. The main power of the prevention and control
team is the outsider team and the need to cooperate with the local depart-
ment of disease control.

• First, select a small pilot project and use examination and assessment. Ac-
cording to the specific situation, choose the best management model and
then gradually expand.

• HIV prevention and control is a comprehensive social project, which should
be combined with poverty alleviation. According to past experiences of
health, we should make government leadership the core and combined ef-
forts with the masses. Current society involvement is insufficient. Then
carry out a more human-oriented management, establish a comprehensive
working environment with treatment, training and education, where social
skills will be trained, and the right concept of life and values will be estab-
lished. Therefore, more target population can be stabilized and eventually
eradicate hidden dangers.

http://www.shu.edu.cn
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