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A: Parameters definition and formula
We assumed that MSM enter the susceptible class at a rate of U, exit the class at a constant rate of μ and the natural death rate as d. The transmission probability for 
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in each high-risk behavior(i.e., male-male unprotected anal sex) is a constant denoted by 
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. Since the transmission probability of HIV/AIDS is decided by viral load, antiviral therapy, behavior, and so forth, we then introduced a modification factor for the six variables, denoted by 
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]. Thus, category 
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could be reclassified into HIV-positive drug-sensitive or drug-resistant individuals at the rate 
[image: image16.wmf]N

A

I

I

P

S

T

S

A

T

S

I

U

S

I

S

T

S

T

S

U

S

/

)

(

e

e

e

+

+

+

 and 
[image: image17.wmf]N

A

I

I

P

S

T

R

A

T

R

I

U

R

I

R

T

R

T

R

U

R

/

)

(

e

e

e

+

+

+

, respectively. c represented the contact rate per year, and π represented the protection rate by interventions, such as condom use and pre-exposure prophylaxis (PrEP). ρ referred to the proportion of HIV-positive individuals when diagnosed. (1-ρ) referred to the proportion of individuals who had already progressed to AIDS when diagnosed. Constant δrepresented the diagnostic rate, τrepresented the rate of the treated individuals, and φ represented the withdrawal rate. The duration of chronic stageand AIDS stage for untreated drug-sensitive individuals were set as 
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, and the untreated drug-resistant individuals were expected to have a longer chronic stage.
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 referred to the rate of progression from HIV-infection stage to AIDS stage for untreated drug-sensitive, untreated drug-resistant, treated drug-sensitive, treated drug-resistant individuals, respectively. Constant 
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represented the rate of acquired drug resistance after treatment beginning at the HIV infection stage and AIDS stage. 
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. The formula (1) was written as follows:
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B: Basic Reproduction Number 
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By setting the right side of formula(1) to zero, we obtained the disease-free equilibrium (DFE): 
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. The disease transmission model waswritten as follows:
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The Jacobian matrix of system (2) at DFE, 
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Where 
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We derived the basic reproduction number based on the next-generation operator method [
].  
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 represented the basic reproduction number of infections with wild-type strains, 
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Specifically, these two expressions had the following biological implications:


[image: image46.wmf]d

a

p

b

+

+

-

=

0

0

)

1

(

d

c

R

S

P

S

represented the number of infections
[image: image47.wmf](

)

)

1

(

p

b

-

c

S

 of an individual 
[image: image48.wmf]S

P

causes throughout the duration
[image: image49.wmf](

)

(

)

d

a

+

+

0

1/

d

.

[image: image50.wmf](

)

[

]

jt

u

h

j

a

t

z

a

d

a

u

h

j

a

rd

p

b

e

-

+

+

+

+

+

+

+

+

+

+

+

+

+

-

=

)

)(

(

)

(

)

1

(

0

0

I

S

S

S

I

I

S

S

S

I

I

d

d

d

d

c

R

U

S

U

S

represented the number of infections
[image: image51.wmf](

)

)

1

(

p

b

e

-

c

S

I

U

S

 of an individual 
[image: image52.wmf]U

S

I

causes throughout the duration 
[image: image53.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

+

+

+

+

-

+

+

+

I

S

S

S

I

d

d

u

h

j

a

jt

t

z

a

1/

 multiplied by the probability 
[image: image54.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

+

d

a

rd

0

d

 they survive to the stage of 
[image: image55.wmf]S

P

.

[image: image56.wmf][

]

jt

u

h

j

a

t

z

a

d

a

rdt

p

b

e

-

+

+

+

+

+

+

+

+

+

-

=

)

)(

(

)

(

)

1

(

0

0

I

S

S

S

I

S

I

I

d

d

d

c

R

T

S

T

S

represents the number of infections
[image: image57.wmf](

)

)

1

(

p

b

e

-

c

S

I

T

S

 of an individual 
[image: image58.wmf]T

S

I

causes throughout the duration 
[image: image59.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

+

+

+

-

+

+

+

+

t

z

a

jt

u

h

j

a

S

I

I

S

S

d

d

1/

 multiplied by the probability 
[image: image60.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

+

d

a

rd

0

d

 they survive to the stage of 
[image: image61.wmf]S

P

 and then the probability 
[image: image62.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

+

+

t

z

a

t

S

S

d

 they survive to the stage of 
[image: image63.wmf]U

S

I

.

[image: image64.wmf](

)

(

)

(

)

(

)

[

]

{

}

(

)

[

]

jt

u

h

j

a

t

z

a

u

a

d

a

jt

u

h

j

a

t

z

a

d

r

u

h

j

a

rdz

rdth

p

b

e

-

+

+

+

+

+

+

+

+

+

+

+

-

+

+

+

+

+

+

+

-

+

+

+

+

+

+

-

=

I

S

S

S

I

A

A

I

S

S

S

I

I

S

S

S

S

S

A

A

d

d

d

d

d

d

d

c

R

T

S

T

S

)

)(

(

)

(

1

)

1

(

0

0

represents the number of infections
[image: image65.wmf](

)

)

1

(

p

b

e

-

c

S

A

T

S

 of an individual 
[image: image66.wmf]T

S

A

causes throughout the duration 
[image: image67.wmf](

)

(

)

A

A

u

a

+

+

d

1/

 multiplied by the probability 
[image: image68.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

+

-

d

a

d

r

0

)

1

(

d

, 
[image: image69.wmf]÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

+

+

+

+

-

+

+

+

+

+

I

S

S

S

I

S

d

d

d

u

h

j

a

jt

t

z

a

z

d

a

rd

0

, 
[image: image70.wmf]÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

+

+

+

-

+

+

+

+

+

+

+

+

+

t

z

a

jt

u

h

j

a

h

t

z

a

t

d

a

rd

S

I

I

S

S

S

S

I

d

d

d

d

0

 they survive to the stage of 
[image: image71.wmf]S

P

 and then the probability 
[image: image72.wmf]÷

÷

ø

ö

ç

ç

è

æ

+

+

+

t

z

a

t

S

S

d

 they survive to the stage of 
[image: image73.wmf]S

P

, stage of (
[image: image74.wmf]S

P

, 
[image: image75.wmf]U

S

I

), stage of (
[image: image76.wmf]S

P

, 
[image: image77.wmf]U

S

I

, 
[image: image78.wmf]T

S

I

).
Similarly, the basic reproduction number 
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